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Abstract

Abstract of the thesis by Kate McKenzie for the Degree of Doctor of Philosophy entitled
‘Understanding and Improving Oral Health in Older Adults’, September 2019.
Population ageing combined with the consequences of increased tooth retention and
multimorbidity will present a strain on the current NHS dental care system. Therefore,
this work aimed to develop a greater understanding of older adults, their dentition, risk
factors for oral disease and review oral health interventions that may be appropriate.
To understand the older adult population, data-mapping was utilised by combining shelf
population data, secondary data from surveys and data from individuals accessing
general dental care services. A mixed methods approach was utilised to identify oral
health outcome measures and appropriate interventions; undertaking a broad scoping
review, quantitative data collection and focus groups. Formal evaluation of an oral
health workshop was carried out in a real-world community setting using oral health
literacy as an outcome measure.
Population and individual-level data observed inequalities in oral disease rates and
treatment provision. Risk factors for oral diseases were identified as largely modifiable
and preventable. An educational workshop as an intervention was deemed appropriate
and acceptable to provide older adults with information on relevant risk factors and
advise them of good self-oral care practices to enable oral health improvements. The
oral health workshop showed some improvements in those with initially poor oral
health literacy.
Improving the oral health of older adults is a complex and challenging area. Such oral
health initiatives could be linked to wider health improvements but need further testing
in different communities.
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General Introduction

Title
Understanding and improving the oral health of older adults
Thesis format declaration
The thesis presented is in an alternative format resulting in different sections that
would be suitable for publication in peer-reviewed journals. Due to the requirement of
individual chapters to be discrete, submittable pieces of written work, there is
inevitably some repetition, especially in the introduction sections. This is a recognised
limitation of the format but reflects the ‘real world’ nature of study and manuscript
submission.
Study overview
This project will attempt to identify individuals within the older population who are at
risk of poor oral health and will aim to understand the population before commencing
a tailored prevention strategy.
The thesis is divided into two principal components:
A – Understanding the oral health of older adults
The planned study design echoes the objectives; best described using a schematic
illustration:
• The older population of interest

Identify
Quantify
Establish

• Oral disease prevalence (retrospective)
• Type of treatment indicating caries
• What are the emerging risk factors?
• What does it mean to be 'at risk'?
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The first stages, ‘identify, quantify and establish’ will involve ‘data mapping’ across a
three-tiered population pyramid, of varying magnitude, that provide a similar data
output. By comparing the output data of each population tier we can determine how
representative the individual data will be compared to large population datasets. i.e. if
we make judgments and decisions based on large population datasets – will this make
a clinical difference at individual level?

NHS Business Service
Authority Data
Adult Dental
Health Survey
Individual
Patient Data

B – Improving the oral health older adults
These later stages of the study design are dependent on the project outputs of the
initial steps and plan to identify evidence-based interventions that may be
appropriate.
These have been presented with the corresponding chapters below:
Chapter 1: Review of the Literature
Chapter 2: NHS dental service utilisation and social deprivation in older adults
in North West England
A

Chapter 3: Oral health status and risk factors for oral disease in an older
attending population in Greater Manchester: a retrospective cohort study
Chapter 4: Tooth loss patterns of an attending older adult population in
Greater Manchester: the clinical picture of partial edentulism
22

Chapter 5: A scoping review of community-based educational interventions to
improve oral health in older adults
Chapter 6: Optimising an existing community-based oral health intervention for
B

older adults
Chapter 7: Using an oral health literacy tool to evaluate a community-based
oral health intervention in older adults
Chapter 8: General discussion and implications for further research

The following chapters are either submitted or in the process of being submitted to
the following journals.
Chapter 2
McKenzie, K., Pretty, I., & Goodwin, M. (2017). ‘NHS dental service utilisation and
social deprivation in older adults in North West England’. British Dental Journal
Chapter 3
McKenzie, K., Pretty, I., & Goodwin, M. (TBC). ‘Oral health status and risk factors for
oral disease in an older attending population in Greater Manchester: a retrospective
cohort study’. Gerodontology
Chapter 4
McKenzie, K., Pretty, I., & Goodwin, M. (TBC). ‘Tooth loss patterns of an attending
older adult population in Greater Manchester: the clinical picture of partial
edentulism’. Gerodontology
Chapter 7
McKenzie, K., Pretty, I., & Goodwin, M. (TBC). ‘Using an oral health literacy tool to
evaluate a community-based oral health intervention in older adults’. Journal of Public
Health Dentistry
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27

[blank page]

28

Foundation and Summary of Chapter 1
With any research project it is important to conduct a background review of the
literature as a foundation to the enquiry to inform an understanding of the issues and
a justification for the research. This chapter provides a broad overview of the
demographic shift of the ageing population, especially in North West England where
the main focus of the research was carried out. An evaluation in the way population
segmentation can be implemented in a heterogonous older population when planning
health care services was also explored. The review highlighted that segmenting the
population in terms of frailty is useful for predicting health outcomes and
comprehensive geriatric assessment is an important tool to encompass the underlying
complex causal networks that interplay to predict the health trajectory of older adults.
The review also emphasised that oral health is essential to general health and wellbeing, therefore a similar approach to understanding the effects that ageing has on
oral health was appropriate.
Oral health disease levels in older adults are mainly reported using data from
population surveys across distinct age-groups. Older adults will feature more
prominently in dental services due to increasing number of older adults, increased
tooth retention and influence of multimorbidity. This review provides an overview of
the present oral health care system and identifies the need for a more strategic,
preventative approach.
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1.1 Ageing population – an epidemiological perspective
Population ageing is characterised by shifts in the age structures of groups of people
such that the relative proportion of older persons increases (Department of Economic
and Social Affairs, 2017). The increase in the median age of the population or the
percentage of the total population that are older can both be used to report
population ageing. The ageing population is a well-documented topic and the
phenomenon is set to continue worldwide, as shown in Figure 1.1 (United Nations
Department of Economic and Social Affairs, 2013).

Median age, years

Figure 1.1 Median age of the population: world and development regions
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It can be seen that more developed countries have a higher median age and this is
predicted to increase by 2050, albeit at a slower rate since 1950 as displayed by the
change in gradient of the dotted red line in Figure 1.1. Currently in the United
Kingdom, the population is at its oldest, and the median age has increased by 6 years
over the last 40 years from 33.9 years to 40.0 years (Office for National Statistics,
2015d).
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Figure 1.2 uses the latest population estimations published by The Office for National
Statistics in 2012 to show the percentage of older adults in the UK, defined as those
over 65 years (Office for National Statistics, 2012).
Figure 1.2 Percentage of older people in the UK population in 1985, 2010 and 2035

Proportion of population, %
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2035

Year
Over the last 25 years the percentage of the population aged 65 and over increased
from 15% in 1985 to 17% in 2010, with the 2 percent increase representing 1.7 million
people in this age group. By 2035 it is projected that those over 65 will account for
23% of the total UK population (Office for National Statistics, 2011). Post-World War II
happiness between 1946 and 1964, also known as ‘the baby boom years’, is the main
causal factor for this; with an average of 3 children per family compared to 1.7 children
per family as recorded in the last census (Chamberlain & Gill, 2005; Office for National
Statistics, 2013b). With improved living conditions and better health care throughout
life, a decrease in infant mortality and an increase life expectancy, the UK population is
currently growing at a rate of 0.7% per year (Office for National Statistics, 2015c). This
combined with declining birth rates has created the major demographic trends
emerging for the future: more of the population will be aged 65 and over compared to
those aged 16 or younger (Office for National Statistics, 2012).
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Figure 1.2 also confirms that the fastest population increase has been in those aged 85
and over, termed the ‘oldest old’. This is thought to be due to a combination of
factors, such as the improvements in mortality from circulatory diseases, e.g. heart
disease and stroke, partly driven by changing smoking habits, the diagnosis and
treatment of cancers and medical and technological advances (Murphy & Di Cesare,
2012) (Office for National Statistics, 2014b). By 2035, it has been extrapolated that the
number of people aged 85 and over will be 2.5 times more than in 2010, equivalent to
5% of the total population.
Increased life expectancy is a measure that is used to understand population ageing
and reflects the effects the above changes have over time (Government Office for
Science, 2016; Olshansky, 2015). Life expectancy for both males and females has
increased in the last 25 years. Male life expectancy has increased from 70.8 years in
1980–1982 to 79.1 years in 2012–2014 and female life expectancy has increased from
76.8 to 82.8 years, in the same time (Office for National Statistics, 2015b). This group,
born between 1926 and 1935, often referred to as the ‘Golden Cohort’, are another
contributor to the overall improvements in life expectancy in the UK. They have
experienced improvements in mortality throughout most of their lifetime, that no
cohorts previously or since have experienced (Office for National Statistics, 2015b).
Despite this, researchers have predicted average life expectancy will continue to
increase up to 130 by 2050 (Yeoman, 2012). In addition to gender there is a disparity
between the current and projected estimates for life expectancies sub-nationally.
Overall, the population of England has a higher average life expectancy than Wales,
Scotland and Northern Ireland; the largest difference is an average of 2.4 years
between England and Scotland (Office for National Statistics, 2012). In England the
distribution of life expectancy was characterised by a north-south divide, with life
expectancy generally being lower in the north than the south of the country (Office for
National Statistics, 2015a). The Office for National Statistics uses life expectancy after
the age of 65 years as an indicator of geographical inequalities in health. The life
expectancy after the age of 65 was lowest in Manchester (15.9 years in men and 18.8
years for women) and highest in Camden (21.6 years in men and 24.6 years) (Office for
National Statistics, 2015a). Life expectancy in two inner-city districts of Salford, North
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West England, are among the lowest in the UK. Further understanding the
sociodemographic of an area is important when planning services. The health and
deprivation of the Salford population is generally worse than the average for England
(Public Health England, 2018d). The level of deprivation in an area can be used to
identify those communities who may be in the greatest need of services- the local
authority is divided into deciles (tenths) or quintiles (fifths) by deprivation, known as
Index of Multiple Deprivation (IMD) (Department for Communities and Local
Government, 2015a). Using data from population surveys in 2018, Figures 1.3 and 1.4
demonstrates the health inequality gap compared to national figures (Public Health
England, 2018d). Figure 1.3 uses deprivation levels in Salford based on national
quintiles of the Index of Multiple Deprivation (IMD). The estimated population of
Salford was 248,00 in 2016; 45% of who are in the most deprived quintile compared to
only 20% of the whole English population (Office for National Statistics, 2016b; Public
Health England, 2018d) .

Figure 1.3 Proportion of the population in England and Salford who live in each
deprivation quintile
100%
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These data in Figure 1.4 show the average life expectancy in each deprivation decile, of
the male and female Salford population, using the Slope Index of Inequality; the higher
the range the greater the disparity in life expectancy. Life expectancy is 10.9 years
lower for males and 7.6 years lower for females in the most deprived areas of Salford
compared to in the least deprive areas (Public Health England, 2018d).
Figure 1.4 The estimated life expectancy at birth across Salford from most to least
deprived
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The Slope Index of Inequality is a measure of the social gradient and summarises the
extent of overall inequalities in life expectancy within the local population i.e. if there
was no inequality in life expectancy then the line would be horizontal. This can help
policy makers identify areas to target local health improvement strategies and
evaluate any changes over time (Marmot & Bell, 2012; National Institute for Health
and Care Excellence, 2012). In order to quantify the effects that this ageing population,
and concurrent health inequality, may have on the National Health Service a firm
understanding of defining the older population should be established. Whilst
categorisation by age can be useful practically and for understanding broad trends,
significant differences exist in the age people consider to be old.
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1.2 Going beyond chronology – defining the older population
There is no agreed definition of older or old people and the literature differs widely in
what age is considered to be old (Mendoza-Núñez, Martínez-Maldonado, & VivaldoMartínez, 2016). Despite age governing educational systems, age of consent, licences
and pension/retirement schemes, chronological age is a very unreliable indicator of
the state of health or mental or physical capacity of any individual. However, it cannot
be ignored that with increasing age, the probability of developing comorbidities also
increases. This is the critical issue of an ageing population; will older adults spend
these extra years in good health, or in debilitating and vulnerable states?
A universally accepted definition and description of the older adult population is
needed to identify those at ‘high risk’ so that research, influencing provision of
services, can be conducted on the population of interest. ‘Population segmentation’
and ‘risk stratification’ are two concepts that in combination can be used to help
understand the needs of the population so that services can be better planned and
delivered (NHS England, 2014a)
1.2.1 Population segmentation
1.2.1.1 Problem of heterogeneity within the older population
There are many approaches for segmenting the population. Age banding is a relevant
measure for classifying children and adolescents due to their homogenous nature. For
example, results of studies carried out on younger participants are usually
corroborative, despite their demographic, because their characteristics remain
constant over time. Using this approach means that populations are easy to define,
activity can be easily captured and results are easy to understand. However, this ‘one
size fits all’ approach cannot be extrapolated to the older population; they are often
disproportionately represented in trials due to strict exclusion criteria, difficulty in
accessing large populations of older adults and researcher bias (Levy, Kosteas, Slade, et
al., 2006; Ridda, MacIntyre, Lindley, et al., 2010). The application of data and
treatment recommendations from studied to understudied populations could result in
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disastrous consequences and unnecessary cost (Skolnick & Alexander, 2015). As a
person ages, differing life trajectories drive a difference in health and wellbeing,
ranging from genetic differences, to socioeconomic and behavioural factors (Lowsky,
Olshansky, Bhattacharya, et al., 2014; World Health Organization, 2015). A
diagrammatic representation of the interplay of these factors is shown in Figure 1.5,
adapted from the ‘Healthy Ageing’ model by WHO (World Health Organization, 2016).
Figure 1.5 Healthy Ageing Model (World Health Organization 2015)

Herein lies the challenge of heterogeneity when attempting to segment the older
population (Grigsby, 1996). Currently there are simple measures used to group this
population; the 2011 census in England and Wales gives insight into social class,
ethnicity and physical activity. In England, the official measure of relative deprivation is
The Index of Multiple Deprivation (IMD), which has been aforementioned in the
previous section. It includes seven domains of deprivation; income, employment,
education, health, crime, barriers to housing and services and living environment
(Department for Communities and Local Government, 2015b). In the ‘health
deprivation and disability domain’ the indicators are standardised for age and sex on
the assumption that the risk of ill health and death becomes greater as a person ages.
There are supplementary indices for children (0-15 years) and older people (60 years
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or over) but these are a subset of the income deprivation domain – Income
Deprivation Affecting Children Index (IDACI) and Income Deprivation Affecting Older
People (IDAOPI) (Department for Communities and Local Government, 2015c).
A growing body of research indicates substantial variation on the health impact of
ageing, influenced by multiple factors; confirming the inference that poor health is not
necessarily a consequence of living longer (Lloyd-Sherlock, McKee, Ebrahim, et al.,
2012). For this reason, health literature has moved away from the use of age as a
proxy and moving to direct measures of competence and need (Neugarten &
Neugarten, 1996). The World Health Organisation (WHO) attempts to quell the
misconceptions of ageing on health, it states ‘policy should be framed to improve the
functional ability of all older people, whether they are robust, care dependent or in
between’ (World Health Organization, 2016). Figure 1.5 contextualises the functional
ability of a person and interactions of influencing intrinsic (mental and physical)
capacity and environments characteristics (World Health Organization, 2015). It has
become increasingly important to measure the functional ability of an individual as it
determines an individual’s quality of life and correlates to physical and mental health
(Kirch, 2008).
Functional assessments are available for health care professionals to rapidly and
accurately identify clinically relevant impairments among older adults. These are useful
in a primary care setting where older patients’ co-morbidities can go unrecognised
because additional impairments may not be the reason for attendance, or the patient
may be unaware or may not deem it necessary to mention. Established tools include
measures of activities of daily living (ADL) and instrumental activities of daily living
(IADL), which are the basic and complex skills, respectively, to successfully live
independently (Katz, Ford, Moskowitz, et al., 1963). Table 1.1 briefly describes ADL,
IADL and other popular functional assessments used in the older population.
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Table 1.1 Overview of established functional assessments in older adults
Functional Assessment
Activities of Daily Living (ADL) Scale
(Katz, Ford, Moskowitz, et al., 1963)

Design
6 items/activities from 0 (low = patient
very dependent) to 6 (high= patient
independent)

Instrumental Activities of Daily Living
(IADL) Scale (Lawton & Brody, 1969)

Time taken to assess is dependent on
level of patient function
8 items from 0 (low functioning) to 8
(high functioning)

The Bartel Index (BI) (Mahoney &
Barthel, 1965)

10-15 minutes to administer through an
interview or by a written questionnaire
10 item score (score of 100 suggests
independence) – ordinal scale

The Modified Bartel Index (MBI) (Shah,
Vanclay, & Cooper, 1989)
World Health Organisation’s disability
assessment schedule (WHO-DAS)
[Updated WHO-DAS 2.0] (World Health
Organization, 2014)

20-30 minutes to complete by direct
observation (Miller & Chan, 2013)
2-10 minutes to complete for self-report
or proxy (Miller & Chan, 2013)
36 item or 12 item version (average time
20 and 5 minutes respectively)
Covers 6 domains of functioning
Self-administrative, interview or via
proxy

There is an exhaustive list of functional assessments as different scales are created in
response to perceived need for a certain population or to shorten established scales
due to lack of time and resource. Ultimately, it would be the decision of the
practitioner to choose an assessment tool which is best suited to their needs whilst
balancing the validity and reliability of the tools. ADL is measured on a continuous
scale and an increasing number of health care service models use ADL evaluations in
their research and practice. Due to its predictive value the Katz ADL scale, and versions
thereof, has been used to predict functional status of older people including predicting
length of hospital stay, morbidity and mortality over time and the need for future
assistance (Brorsson & Asberg, 1984; Katz, Downs, Cash, et al., 1970; Lindmark &
Hamrin, 1988). It is judicious to suggest that old age begins when poor health creates a
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major limitation on everyday living (Neugarten & Neugarten, 1996). However, the
problem with segmenting the older population using these indices is two-fold: they
predominantly identify those that are vulnerable and they also rely heavily on patients
self-reporting (Hill, 2002).
Segmenting the older population using these one-dimensional approaches is not
appropriate as it encompasses a wide range of people that are not necessarily
comparable. For example, the functional assessments do not account for the wider
determinants of health, including all the major non-genetic and non-biological
influences (social and economic determinants) as well as health related behaviours
such as smoking and alcohol consumption. In order to include the whole older adult
population, a multifarious stratification is necessary. A scoping knowledge of the
challenges to health that older adults have to contend with is needed before
attempting to classify the population.
1.2.1.2 Understanding the health of the older population: Impact of ageing
The term ‘Geriatric Giants’ was originally coined by Professor Bernard Isaacs
(Williamson, 1992), it is also known as the four I’s: Impairment of intellect (cerebral
dysfunction), incontinence, immobility and instability (falls). They refer to the major
categories of impairments in elderly people. This overlap supports the concept of
Healthy Ageing in Figure 1.5; that older adults have to contend with a multitude of
factors in order to achieve health. There have been many modifications to the
constitutions of the geriatric giants, and rightly so, to reflect the changes in the older
population over time and modern management. For example, in Germany an
additional ‘I’ represents ‘iatrogenic complications’ e.g. polypharmacy and
inappropriate medication (Hager, 2015).
Impairment of Intellect (cerebral dysfunction)
The variation from person to person in the decline in cognitive functions with age is
influenced by many factors, including socioeconomic status, lifestyle, the presence of
chronic disease and the use of medication, suggesting there are opportunities for
public-health interventions across the life course (World Health Organization, 2015).
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Crucially, the subtle and heterogeneous changes in cognitive functioning that are
observed in healthy older people are quite distinct from the changes associated with
dementia. Delirium and dementia are among the most common causes of cognitive
impairment in a clinical setting (Fong, Davis, Growdon, et al., 2015). It is estimated that
850,000 people in the UK live with some degree of dementia and by 2025 the number
is expected to rise to 1.14 million, of whom the majority are aged 65 years and over
(Alzheimer’s Society, 2014). The risk of developing dementia rises with age and
approximately one in three people over the age of 90 will have dementia (Polson &
Croy, 2015). Dementia and depression share some diagnostic features with delirium
and even though these disorders may co-exist, an older person presenting with
‘confusion’ is often misdiagnosed and untreated (Aly, 2005; Fick, Agostini, & Inouye,
2002; Potter, George, & Guideline Development Group, 2006). Delirium is a serious
acute disorder of attention and cognition and is preventable in about 30-40% of cases.
Both dementia and delirium are consistently associated with poor outcomes such as
increased lengths of stay in hospital, increased nosocomial infections, higher rates of
nursing home placement and increased mortality (Aly, 2005; Inouye, Westendorp, &
Saczynski, 2014).
Instability (falls)
Falls are a cause of significant morbidity and mortality in older people. In the UK, the
annual incidence of falls among the community-dwelling older persons is estimated to
be 30% among those between 65 and 80 years of age, and 50% among those over 80
years of age (Aly, 2005; National Institute for Health and Care Excellence, 2013). Falls
are the largest cause of emergency hospital admissions for older people, and
significantly impact on long-term outcomes (Department of Health, 2013).
Incontinence
Urinary incontinence, the involuntary loss of urine, is a common medical condition in
older people. History and physical assessment, and even quality of life scores, can be
carried out to identify risk factors that play a significant role in the aetiology and
pathophysiology of incontinence. Urinary incontinence affects around 1 in 3 women
over 65 years and half of these are in long-term care. Incontinence can also be
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associated with falls and strokes (Byles, Millar, Sibbritt, et al., 2009; Wilson, Lowe,
Hoffman, et al., 2008). Faecal incontinence is the inability to control the passage of gas
or stools through the anus. Although it can occur at any age, it is most common among
people over the age of 65 and can have devastating effect on quality of life and
psychological wellbeing as well. It affects about 2% of the adult population and about
7% of health independent adults over the age of 65. A third of older people in
residential/nursing homes or hospital are faecally incontinent (Aly, 2005).
Immobility
This ‘Geriatric Giant’ is multifactorial; it is defined as the impairment of the ability to
move independently which results in the limitation of life (Srinivas, 2012). Immobility
can stem from the inability to wholly recover from or manage any body system
complications, often related to ageing. Some examples are: musculoskeletal (e.g.
osteoarthritis), central nervous system (e.g. stroke), visual (e.g. cataracts or macular
degeneration), circulatory (e.g. congestive heart failure) and respiratory (e.g. chronic
obstructive pulmonary disease). Developing even one of these diseases can adversely
affect the quality of life and threaten their independence and personal autonomy
(Srinivas, 2012). Deterioration is an inevitable consequence of immobility due to
increased risk of incontinence, pressure ulcers, deep vein thrombosis and embolisms,
to name a few. Therefore, with thorough evaluation the causal factor for the patient’s
immobility status can be identified; however, with simple functional assessments, such
as the ADL index, one would not be able to investigate reasons behind the functional
decline of a patient. In the 2011 census for England and Wales, those under 65 were
less limited in coping with daily activities than those aged 65 and over; 89% of both
men and women under 65 years of age were not limited in their daily activities at all
compared to 50% of men and 44% of women aged 65 or over. Just over half of those in
the ‘oldest old’ age group (over 85 years) reported that their daily activities were
limited a lot, either from a disability or long-term health problem and almost a further
third said that their daily activities were limited a little (Office for National Statistics,
2013c).
Other stumbling blocks to health
41

It has been concluded that adequate clinical recognition and documentation of
geriatric giants may be features of more effective services for older patients (Gray &
Martin, 2005). There are specific tests for screening and measuring individual
impairments, for example the ‘Time Up and Go Test’ for gait instability/risk for falls
(Podsiadlo & Richardson, 1991) and the ‘Mini-Cog’ for assessing cognitive impairment
(Borson, Scanlan, Watanabe, et al., 2006). However, many patients would not present
to health care in a ‘textbook manner’. Over 50% of those over 65 years in the UK have
two or more long term conditions (Department of Health, 2005), which can be defined
as multimorbidity (National Institute for Health and Care Excellence, 2016b). A large
cross-sectional study in approximately a third of the Scotland population was carried
out to examine the distribution of multi-morbidities in relation to age and
socioeconomic deprivation (Barnett, Mercer, Norbury, et al., 2012). The study found
that the number of morbidities and the proportion of people with multi-morbidity
increased substantially with age and people living in more deprived areas were more
likely to be multi-morbid than were those living in the most affluent areas at all ages,
apart from those aged 85 years and older (Barnett, Mercer, Norbury, et al., 2012).
There is evidence that multi-morbidity is more prevalent among minority ethnic
groups (Ogle, Swanson, Woods, et al., 2000). Additionally, women have a higher risk of
multiple morbidity than men (Crimmins, Kim, & Solé-Auró, 2011; Wait & Harding,
2006); this gender disparity may be explained by differences in perception of health. It
was found that women were ‘more likely than men to report problems that were
disabling but not life-threatening, whereas men were more likely to report potentially
life-threatening problems’ (Spiers, Jagger, Clarke, et al., 2003). This highlights that,
compared to performance-based measures, self-reported measures have an element
of subjectivity; although they have the advantage of obtaining information on a wider
range of activities (Yong, Saito, & Chan, 2010).
Many older adults may have one or more health conditions that, when well controlled,
have little influence on their day-to-day life and general wellbeing. Exploring quality of
life has become an integral part of health assessments of older adults and quality
improvement in health and social care services (van Leeuwen, van Loon, van Nes, et
al., 2019). Health-related quality of life provides insight into the nature of disease by
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assessing how disease impairs or impacts the subjective wellbeing of a person. Older
adults who have similar impairments may present psychosocially different due to how
they perceive their position of health in the relation to their expectations. The World
Health Organisation developed a quality of life assessment instrument, WHOQOL-100,
which is a patient-completed 100 item measure of health-related quality of life
(WHOQOL Group, 1995). WHOQOL-BREF is a shorter version (26-item), with a
correlation of 0.9 with the original instrument, which has been developed for
convenience in large population research (WHOQOL Group, 1996). An older adult
module comprising of six facets and 24-items, WHOQOL-Old, was in validation phase in
22 sites around the world with hope to address issues that are important to older
adults. It was concluded that WHOQOL-Old may influence service provision on health
and social care structures, in particular the effect of policies on quality of life of older
adults (Power, Quinn, & Schmidt, 2005).
Despite being the main service users, there are attitudinal barriers towards treating
older adult patients (Oliver, 2008). Two-thirds of NHS patients are over 65 years, yet
they only receive two-fifths of the total expenditure (Department of Health, 2007). In
recent years there has been an increase in frameworks, policies, and legislation
specifically around service provision for older people. In the same report, aptly named
‘A Recipe for Care – Not a Single Ingredient’ it states that:
“early intervention and assessment for old age conditions, long-term conditions
and care co- ordination in the community… and assessment in the community prior to
residential placement are all part of the recipe for the new and improved services we
need for older people in the 21st Century” (Department of Health, 2007).
Looking at whole-system functions (cognitions, mobility, balance and independence in
daily activities), as opposed to the traditional problem list approach, reduces the overreliance on symptoms. Furthermore, this helps to move away from ‘a pill for every ill’
society (House of Commons Health Committee, 2005) which could confer a myriad of
further problems associated with excessive prescribing such as; unwanted side effects,
potential risk of long-term use, changes in drug metabolism with age, poor drug
adherence or potentially dangerous drug interactions.
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The Geriatric Giants and quality of life measures go some way to categorise the
differences seen in ageing. Any extent in which these factors could be predicted would
go a long way towards advising policy guidelines and integrated to improve clinical
interventions (Srinivas, 2012).

1.2.1.3 Concept of Frailty
The National Service Framework for Older People proposed three groups for older
people: entering old age, transitional phase and frail older people (Department of
Health, 2002). However, within these descriptions there is still an inference that each
of these groups is dependent on numerical age. Although frailty is a distinct concept
relating to ageing, it is closely related to comorbidities including long term conditions
and disability (British Geriatrics Society, 2014; World Health Organization, 2015). The
British Geriatrics Society has outlined five frailty syndromes with respective ‘layman
termed’ examples (British Geriatrics Society, 2014):
-

falls (e.g. collapse, legs gave way, ‘found lying on floor’),

-

immobility (e.g. sudden change in mobility, ‘gone off legs’ ‘stuck in toilet’),

-

delirium (e.g. acute confusion, ’muddledness’, sudden worsening of confusion
in someone with previous dementia or known memory loss),

-

incontinence (e.g. change in continence – new onset or worsening of urine or
faecal incontinence), and

-

susceptibility to side effects of medication (e.g. confusing with codeine,
hypotension with antidepressants).

These proposed frailty syndromes are not dissimilar to the so-called ‘Geriatric Giants’.
The term ‘frailty’ is a long-established expression (Vaupel, Manton, & Stallard, 1979)
with various clinical definitions, but has steered from being an age-related concept
(Markle-Reid & Browne, 2003). Frailty was recently referred to in the Lancet as:

44

“a state of increased vulnerability to poor resolution of homoeostasis after a
stressor event, which increases the risk of adverse outcomes” (Clegg, Young, Iliffe, et
al., 2013).
Figure 1.6 is adapted from this study to demonstrate that frail older people display low
resilience to a stressor event (e.g. fall) compared to a non-frail age-matched control
who may suffer from deterioration in health and loss of independence (Clegg, Young,
Iliffe, et al., 2013).
Figure 1.6 Dependency in frail older people triggered by stressor

Functional abilities

Stressor
Stressor
Non-Frail
INDEPENDENCE
Frail

DEPENDENCE
Time
Frailty seems a sound concept in which to bring together multi-morbidity, dependence
and disability. Assessing frailty can be done either at a screening level or by a
comprehensive geriatric assessment (Theou & Rockwood, 2015).
The two main approaches to conceptualise and define frailty are as a ‘(risk) state’ and
a ‘(biological) syndrome’; interchangeably referred to as ‘frailty index’ and ‘frailty
phenotype’, respectively. The frailty index is based on the cumulative deficit approach
(Mitnitski, Mogilner, & Rockwood, 2001). It proposes that frailty can be assessed by
evaluating a larger number of non-specified age-associated health deficits, of which
the original frailty index in 2001 contained 70 items (Mitnitski, Mogilner, & Rockwood,
2001). Recent research has stated at least 20 deficits should be considered; 30 or more
is preferred to achieve stable estimates (Rockwood & Mitnitski, 2011). Contrastingly,
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the phenotype approach comprises of a 5-item cluster of highly specified deficits in
health: unintentional weight loss, impaired grip strength, exhaustion, slow walking
speed, and low levels of physical activity (Fried, Tangen, Walston, et al., 2001). When
applied during the Cardiovascular Health Study, a large epidemiological study in adults
over the age of 65 years, the frailty phenotype confirmed the idea that frailty has an
underlying aetiology that is likely to be independent of disease and disability (Fried,
Tangen, Walston, et al., 2001).
Many other frailty scales have since been developed, and often count more deficits
than the phenotype but fewer, more-specific deficits than the frailty index. Table 1.2
outlines several frailty scales that have been developed and tested.
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Table 1.2 Overview of established frailty scales
Frailty Scale/Index

Time,
minutes

Number of components

Frailty

Clinical or
population
setting?
Clinical

Edmonton Frail
Scale
(Rolfson, Majumdar,
Tsuyuki, et al., 2006)

<5

9
Cognition, health (2x),
hospitalisation, social
support, nutrition,
mood, function,
continence

Total score:
0-5 (not frail)
6-7 (vulnerable)
8-9 (mild frailty)
10-11 (moderate
frailty)
12-17 (severe frailty)

FRAIL Scale
(Abellan van Kan,
Rolland, Bergman,
et al., 2008)

<10

5
Fatigue, resistance,
ambulation, illness, loss
of weight

Score of 1 or 2 = prefrail, 3 or greater =
frailty

Groningen Frailty
Indicator

<15

15
Self-reported in 4
domains: physical,

Higher scores
Population
indicate higher frailty
levels. Frailty =

Both

Reliability & validity
- Good construct
validity in
community-based
referral sample
- Valid when used
by non-specialists
- Need for crossvalidation other
settings and
complex, vulnerable
patients
- Shown content
and construct
validity
- Strong predictive
validity for disability
and mortality; this
finding in late
middle-age needs
to be explored in
older populations
- Self-assessment
version validated in
home-dwelling and

Outcome
prediction
Yes

More studies
needed

More studies
needed

(Steverink, Slaets,
Schuurmans, et al.,
2001)

cognitive, social and
psychological

scores greater of
equal to 4

Tilburg Frailty
Indicator
(Gobbens, van
Assen, Luijkx, et al.,
2010)

<15

15
Self-reported in 3
domains: physical,
psychological and social

Higher scores
Population
indicate higher frailty
levels. Frailty =
scores greater of
equal to 5

Frailty index
derived from
Comprehensive
Geriatric
Assessments (FICGA)
(Jones, Song, &
Rockwood, 2004)

<15

A continuous score.
Frailty >0.25

Clinical

Frailty Index for
Elders (FIFE)

?

52 (originally 14)
Measures included in
both Comprehensive
Geriatric Assessment
and the original 70-item
frailty index, such as
ADL, IADL, Comorbidities, mood and
cognition
10
Measure of risk factors
from the five health

Higher score
indicates greater
degree of frailty

Population

institutionalised
elderly
-Suggested use in
two-step screening
process
- Valid instrument
More studies
to predict disability, needed
many indicators of
health care
utilisation and
quality of life, 1 and
2 years later
- Valid in
communitydwelling older
people
- Good intra-rater
Yes
reliability (0.95) for
different health
care team members

- Validity in
predicting
depression

Yes
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(Tocchi, Dixon,
Naylor, et al., 2014).
The Clinical Frailty
Scale (Rockwood,
Song, MacKnight, et
al., 2005)

domains associated with
frailty
<5

1
Descriptions and
imagery based on the
domains of mobility,
energy, physical activity
and function. 9 graded
pictures. 1= very fit; 9=
terminally ill

A continuous score.
Frailty ≥ 5

Clinical

- Low reliability
- Limited to use of
secondary data
- Highly correlated
with Frailty Index
(0.80)
- Predictive validity
in medium-term
risks of death and
entry into an
institution

Yes
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Further specific health deficits have been proposed as part of the phenotype frailty
scale, including affect or cognition (Sourial, Bergman, Karunananthan, et al., 2012;
Sternberg, Wershof Schwartz, Karunananthan, et al., 2011) and some have proposed
reducing the phenotype to three or fewer measures (Rothman, Leo-Summers, & Gill,
2008). Studies which have included specific deficits have raised questions in which
older adults would become frail through different means (Rockwood & Mitnitski,
2011).
It has emerged that frailty encompasses the psychosocial, biological and physical
factors associated with ageing. Table 1.2, along with a recent review by Dent et al.
showed that there are a plethora of measurements used to identify frailty in older
people (Dent, Kowal, & Hoogendijk, 2016). There was a wide range in the applicability
of these frailty measurements: from short, fast and crude frailty screening instruments
to the sophisticated, time-consuming measurements. Many frailty measurements had
not been robustly validated in the literature, and their prognostic ability was rarely
determined. Moreover, many frailty measurements were modified somewhat from
their original, validated version, which can impact on frailty classification. This concern
is echoed in a recent meta-analysis by Theou and colleagues, which found 262
different versions of Fried's Frailty Phenotype (Theou, Cann, Blodgett, et al., 2015).
However, the broad heterogeneity within the frailty index, frailty phenotype, the other
frailty scales and the various measurement domains, exemplifies the burden of ageing
on health and the importance of understanding the challenges that a person faces as
they get older in order to plan health services.
1.3. Risk stratification
1.3.1 Predicting older adult health issues

To quote Kenneth Rockwood:

“if you design a service for people with one thing wrong but people with many
things wrong turn up then the fault lies not with the users but with the service”
(Rockwood, 2005).
This confirms the superiority that the concept of frailty has over other specific health
assessment scales. As Table 1.1 indicates, routine recording of ADL and cognitive
function would take 20 minutes. Although functional assessments are used routinely
on stroke wards to measure disability and predict patient-related outcomes it seems
ambitious, without additional resources, to apply these methods in general day-to-day
clinical practice (Kwon, Hartzema, Duncan, et al., 2004). As Rockwood suggests, the
consequence of poor screening assessment tools could have significant implications on
the patient’s future care and would be an unnecessary burden for staff, carers,
relatives and the patient. Assessing frailty would seem routinely feasible if shown to
enable cost-effective targeting of patients for specialist geriatric input (Gray & Martin,
2005).
Tools to assess frailty were originally confided to predicting, with success, end of life or
patient’s need for palliative care (Mitnitski, Mogilner, MacKnight, et al., 2002). Yet with
the ageing population, it is necessary for a tool to be developed and used in primary
care settings (Hoogendijk, van der Horst, van de Ven, et al., 2016). The populationbased studies that have used the frailty index approach (albeit using different frailty
indices) give robust results: people accumulate an average of 0.03 deficits per year
after the age of 70. The frailty index has a strong association with adverse health
outcomes; women accumulate more deficits than men of the same age; and the frailty
index has a maximal limit of approximately 0.7 (Kulminski, Yashin, Ukraintseva, et al.,
2006; Mitnitski, Song, Skoog, et al., 2005; Rockwood & Mitnitski, 2011; Theou,
Brothers, Peña, et al., 2014). When several different frailty scales were recently
compared in their ability to predict all-cause mortality, a single tool did not achieve
pre-eminence as they varied in identifying frailty, and thus content validity (Theou,
Brothers, Mitnitski, et al., 2013). Essentially, elements of disagreement and
subjectivity in frailty definitions impacted on the outcomes of interest being compared
effectively. This finding was supported when three frailty models were compared in
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the European Male Ageing Study (Ravindrarajah, Lee, Pye, et al., 2013). Definitions
aside, the concept of frailty may have a very good fit as a risk stratification paradigm
ranging from predicting patient’s risk of death to need for institutional care ranging to
planning interventions to implementing multidisciplinary care programs (Rockwood,
Song, MacKnight, et al., 2005; Theou & Rockwood, 2015). It is also noteworthy that the
identification of healthy elderly groups, both pre-frail and frail, might help to develop
public policies and the implementation of focused on the treatment of elderly people,
and demands related to ageing (Andrade, Fernandes, Nóbrega, et al., 2012)
However, a consensus on defining and measuring frailty needs to be established
before developing clinically relevant tools and practices (Campbell & Buchner, 1997).
As outlined in Table 1.2, Rockwood developed a 7-point judgement-based Clinical
Frailty Scale during the Canadian Study of Health and Ageing (CSHA) and compared it
to established tool to measure frailty (Rockwood, Song, MacKnight, et al., 2005). The
CSHA was highly correlated (r=0.80) with the original 70-item frailty index. To confirm
these promising results are not influenced by the clinician’s judgement or expertise,
studies are needed to investigate the inter-rater reliability (Rockwood, Song,
MacKnight, et al., 2005). Two studies embedded in the CSHA study programme were
used to investigate predictive validity of comprehensive geriatric assessment and
found it to be sensitive to the reliable detection of degrees of frailty (Jones, Song, &
Rockwood, 2004; Rockwood, Song, MacKnight, et al., 2005). It has since been found
that the most evidence-based process to detect and grade frailty for severity is
comprehensive geriatric assessment (Clegg, Young, Iliffe, et al., 2013).

1.3.2 Comprehensive Geriatric Assessments
Comprehensive Geriatric Assessments (CGA) have been developed to enhance the
quality of care provided to older patient by identifying their unmet, often complex,
health needs. Since there is much heterogeneity in the components of comprehensive
care programs, it has been difficult to draw conclusions on their effectiveness and few
care programs are specifically focused on frail older adults (Hoogendijk, van der Horst,
van de Ven, et al., 2016). Figure 1.7 demonstrates the concept of a generic CGA.
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Figure 1.7 A Comprehensive Geriatric Assessment (O’Hanlon, 2016)
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CGAs allow a ‘multi-dimensional and interdisciplinary approach to determine the
medical, psychological and functional capabilities of a frail older person in order to
develop a coordinated and integrated plan for treatment and long-term follow up’
(Ellis, Whitehead, Robinson, et al., 2011; Oliver, 2008). CGAs also consider the social
and environmental aspect of the older person’s care, echoing similar determinants of
the Healthy Ageing model in Figure 1.5.
There is a reasonable evidence base for the benefit of CGA in improving clinical
outcomes (Ellis, Whitehead, Robinson, et al., 2011). Currently in the UK, CGA are
incorporated into the management of cancer and dementia in older adults where CGA
influences up to 49% of treatment decisions (O’Hanlon, 2016). CGA help to identify
unknown deficits that would only become apparent once a certain treatment triggered
them. CGA confer strength in the development of flexible care pathways; a frail person
can enter the pathway at any level and if the patients situation changes, a ‘stressor
event’, multiple reviews of patient’s health may be necessary (NHS England, 2014b) .
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However, the main limitation of CGA is that it is a resource intensive process in terms
of both time and personnel required. The use of simple instruments for identifying
frailty as part of routine care has been actively pursued and the utility of existing
clinical datasets to identify frailty in primary care has been a promising development
(Clegg & Young, 2015).

1.3.3 Frailty in primary care
General practice
Ageing of the population and rising costs of social care are refocusing health policy on
health promotion and disability prevention among older people – frailty offers
practitioners useful tools for patient care and, due to its dynamic process, moves away
from the traditional disease-orientated approach towards a more proactive integrative
one (De Lepeleire, Iliffe, Mann, et al., 2009; Vestjens, Cramm, & Nieboer, 2018). There
have been significant developments including publication of clinical and practical
guidance, for example ‘Fit for Frailty’ (British Geriatrics Society and the Royal College
of General Practitioners, 2015), NICE guidance on multimorbidity (National Institute
for Health and Care Excellence, 2016b) and inclusion of routine frailty identification in
the General Practice contract for 2017/18 (NHS Employers and British Medical
Association’s General Practice Committee (GPC), 2017) . The contract requires
practices to use an appropriate tool to identify patients from their practice population
aged 65 years and over who are living with moderate and severe frailty. A toolkit has
been a developed by NHS England to support allied health professionals and general
practitioners (GP) in the general practice setting and suggests methods for these
requirements (Moody, Lyndon, & Stevens, 2017). An electronic frailty index (eFI) has
been developed by Clegg and colleagues at Leeds University; it uses indicators of frailty
coded on electronic health record data systems to identify frail people (mild, moderate
and severe) (Clegg, Bates, Young, et al., 2016). The eFI is embedded within the main
primary care systems and practices with access to the eFI should use this to stratify
their population aged 65 years and over by degree of frailty into those who are fit (not
frail) and those who are living with mild, moderate and severe frailty. If a patient is
identified in the moderate and severe groups then a clinician from the primary care
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team should verify this diagnosis using the Clinical Frailty Scale (CFS) (Rockwood, Song,
MacKnight, et al., 2005) or similar validated tool, for example:
- mild frailty = CFS 4 to 5
- moderate frailty = CFS 6, and
- severe frailty = CFS 7 or above.
In England, people living with severe frailty comprise around 3% of the population
aged 65 years and older. For moderate frailty it is 12% of those aged 65 years and
older and 35% for mild frailty. These individuals are frequent users of services across
health and social care and are particularly vulnerable for adverse outcomes, in
particular health outcomes. The eFI conferred good predictive validity and
discrimination for nursing home admission, hospitalisation and mortality, and may be
a useful tool in assisting clinicians with the timing of appropriate evidence-based care
to improve patient outcomes (Clegg, Bates, Young, et al., 2016). For example; mildly
frail patients may benefit from supported self-management, moderately frail patients
may need care and support planning intervention, and those with severe frailty may
need to undergo a comprehensive geriatric assessment to identify specific areas of
need (Oliver, 2016).
Dentistry & Oral Care
Dentistry is neither an allied health profession nor a paramedical profession, but
provides a unique and an integral point of contact for older adults. Traditionally the
mouth and oral health have been separated from general body system and care
models (Grantmakers in Health, 2012). However, oral disease is the most widespread
chronic disease and can impact on overall health and disease, and vice versa. Due to
population ageing oral health is in the midst of an epidemiological transition and the
future for oral health is more unpredictable than for general health in the UK (Harford,
2009). Any trend to improving oral health could, however, be complicated by
increasing rates of chronic diseases and complex needs associated with multiple
morbidities – highlighting the important complex interplay between older age, frailty
and oral health.
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1.4 Importance of oral health in older adults
The FDI World Dental Federation defined oral health as:
“… multifaceted and includes the ability to speak, smile, smell, taste, touch,
chew, swallow, and convey a range of emotional through facial expressions with
confidence and without pain, discomfort, and disease of craniofacial complex” (Glick,
Williams, Kleinman, et al., 2016) and is presented in Figure 1.8.
Oral health is a fundamental component of physical and mental well-being, which
reflects the physiological, social, and psychological attributes that are essential to the
quality of life (Hescot, 2017). The framework for the definition was developed ‘to
describe the complex interactions among the 3 core elements of oral health (disease
and condition status, physiological function, and psychosocial function), a range of
driving determinants (elements that influence and determine oral health), moderating
factors (factors that determine or affect how a person scores his or her oral health),
and, finally, overall health and well-being’ (Glick, Williams, Kleinman, et al., 2016)
Figure 1.8 Framework for the oral health definition (Glick, Williams, Kleinman, et al.,
2016)
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This definition of oral health is reflective of The World Oral Health Report in 2003,
which regards oral health essential to general health and quality of life particularly in
the older population (Petersen, 2003). It raises awareness of the different dimensions
of oral health and emphasises that oral health does not occur in isolation but is
embedded in the wider framework of overall health i.e. when oral health is impaired it
significantly affects other general health determinants, inferring that oral health is an
integral concept in the ‘Healthy Ageing Model’ (Figure 1.5) (Public Health England,
2015; World Health Organisation 2016). Therefore, it is important for individuals to
maintain good oral health throughout their life. Socio-demographic data and data from
established health and social surveys can be used to attempt to outline the current
oral health status and future oral health needs of older adults.
The UK Adult Dental Health Survey (ADHS) series indicate that an increasing number of
older adults are keeping their natural teeth, as shown in Figure 1.9 (Office for National
Statistics, 2013a; The Health and Social Care Information Centre, 2010).

Proportion of sample population who
are dentate (%)

Figure 1.9 Dentate status of older adults captured by the UK Adult Dental Health
Survey 1978-2009
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In conjunction with population ageing, the most recent ADHS introduced further age
banding to incorporate the ‘oldest old’; 55% of those 85 years and over retained some
of their natural teeth (The Health and Social Care Information Centre, 2010). The
continuing decline in the percentage of edentulousness (having no teeth) is not limited
to older adults. The proportion of all adults who have lost all their natural teeth has
decreased since 1978, when the first UK Adult Dental Health Survey was carried out,
from 30% to 6% in 2009 (The Health and Social Care Information Centre, 2010). Being
edentulous, often termed ‘the oral equivalent to mortality’ (Weintraub & Burt, 1985),
is perceived as a natural consequence of ageing. As general health improves the
proportion of dentate adults is likely to increase further (Fuller, Steele, Watt, et al.,
2011). However, the presence of teeth does not give indication to the condition,
health or functionality of the dentition.

1.4.1 Oral health and function
Oral health for older patients is more complex than just being pain-free; and
expectations are increasing regarding dental functionality and appearance
(Brocklehurst, Mackay, Goldthorpe, et al., 2015a). Good oral health has been
recognised as a core enabler of social interaction and general wellbeing (British Dental
Association, 2012). Older adults, especially the most vulnerable, require social
interaction and the protection of dignity and aesthetic appearance, and these needs
must be addressed. Some measures of reporting of the physiological and psychosocial
function elements of oral health (as per Figure 1.8) are addressed below.
Functional dentition
A functional dentition refers to the ability to eat and socialise in comfort; Sarita et al.
indicates that masticatory (chewing) efficiency and ability is closely correlated to the
number of teeth (Sarita, Witter, Kreulen, et al., 2003) and there is impaired ability
when the patient has less than 20 teeth (Armellini & von Fraunhofer, 2004). Since
then, the literature uses retention of 20 or 21 or more natural teeth to define the
minimum number of teeth consistent with a functional dentition, WHO recommend
that this consists of 10 pairs of antagonistic or functional units (Witter, Palenstein
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Helderman, Creugers, et al., 1998; World Health Organization, 1992). Accordingly, the
ADHS uses 21 teeth as a crude measure to define oral health outcomes. In doing so,
there was an evident socio-economic divide; 92% of dentate adults from managerial
and professional occupation households had 21 or more natural teeth, compared with
79% of dental adults from routine and manual occupation households (Fuller, Steele,
Watt, et al., 2011). Older adults are less likely to have a ‘functional dentition’ than
younger age groups. In the household resident dentate ADHS sample, 40% of 75-84
year olds had at least 21 teeth compared to 26% in the over 85 age group; those in
care homes are even less likely to have enough teeth to amount to a functional
dentition (Public Health England, 2015).

Among people with some teeth (partial edentulism), a high proportion wear dentures
in combination with their natural teeth in order to enhance oral function and
appearance (Walls & Steele, 2004). Oral function is also affected by the quantity and
quality of saliva, and a survey in Great Britain found oral function to be better in those
that wear a denture in combination with natural teeth compared to older adults who
rely on complete dentures (Aubrey Sheiham, Steele, Marcenes, et al., 2001). There are
now many prosthodontic approaches for patients with partial edentulism, such as:
- implant supported: crowns, fixed dental prostheses and removable dental
prostheses
- tooth- supported fixed dental prostheses, or
- removable partial dentures.
Shortened Dental Arch concept
Traditionally lost or missing teeth were replaced to maintain function and reduce
negative side effects (Hirschfeld, 1937). However, the shortened dental arch (SDA)
concept is a minimal treatment intervention approach aimed at those who are partially
dentate, based on the theory that satisfactory oral function and stability can be
achieved without complete dental arches (Käyser, 1981; Witter, Haan, Käyser, et al.,
1994a; World Health Organization, 1992). Following the SDA concept idea, studies
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have concluded that patients with at least four, preferably occluding, units have the
necessary adaptive capacity to maintain oral function (Kanno & Carlsson, 2006; Witter,
Haan, Käyser, et al., 1994b).
The British Dental Association (BDA) produced an evidence summary on the SDA
therapy in old age; SDA work is being carried out in individuals with anterior teeth
only, between 3 and 5 occlusal units (British Dental Association, 2013). This may go
some way in satisfying the increasing joint function and aesthetic expectation of older
adults. The World Health Organisation also supports that ‘the SDA concept provides a
realistic approach’ especially when disease levels are high and resources are limited
(World Health Organization, 1992).
Many cohort studies confirm that incremental tooth loss is now more common than
edentulism in people aged 65 or older (De Marchi, Hilgert, Hugo, et al., 2012; Drake,
Hunt, & Koch, 1995; Gilbert, Miller, Duncan, et al., 1999; Locker, Ford, & Leake, 1996;
Paulander, Axelsson, Lindhe, et al., 2004; Slade, Gansky, & Spencer, 1997; Warren,
Watkins, Cowen, et al., 2002). However, having only a small number of natural teeth
brings with it its own complications; when there are teeth present there is a physical
environment for disease process to occur. While rates of edentulism are falling, there
is an increased burden of these oral diseases in older people. Conversely, tooth loss is
the sequelae of oral pathology – predominantly dental caries and periodontal disease.

1.4.2 The older mouth: prevalence of common dental conditions
1.4.2.1 Dental caries
Dental decay (caries) is traditionally the greatest threat to natural teeth (White, Pitts,
Steele, et al., 2011). Figure 1.10 is a schematic diagram based on the Keyes triad and
the Fejerskov and Manji model for caries causation (Fejerskov & Manji, 1990; Keyes,
1962). It demonstrates the requirement for diet, bacteria and dentition to interact
together over time to initiate caries. Caries can occur in a dentate person at any age
and is influenced by biological, socio-behavioural and environmental factors such as
those included at the periphery of the model.
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Figure 1.10 A schematic illustration of the basic determinants of the carious process
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Despite these factors changing with increasing age, dental caries epidemiology had
sparsely been reported on in older age groups due to difficulty in capturing large and
relevant population datasets. Many studies featured the more accessible, yet more
vulnerable, older populations such as those residing in care homes. However, more
recently, a number of large cohort studies have now enabled better understanding of
the nature and determinants of dental caries in older people (Thomson, 2004).
Primary dental caries in dentine indicates new disease which has not been treated or
managed, as opposed to decay that occurs around an existing restoration (secondary
decay). When reporting on prevalence, ‘obvious’ caries is divided into:
-

Primary coronal caries

-

Secondary coronal caries

-

Root caries
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When comparing observations, care must be taken due to the different ways in which
dental decay can be measured. The Adult Dental Health Survey uses ‘basic reporting’
of moderate to extensive decay (clinically detectable lesions into dentine or pulp) as
opposed to more comprehensive detection methods using diagnostics aids. Table 1.3
uses data from the recent ADHS report; just under one third (31%) of adults had
obvious decay. Amongst those that experienced dental caries, there were on average
2.7 teeth affected, with an average of 0.8 among all dentate adults. In this survey,
there were social variations in the dental decay experience in England; 37% of adults in
a routine and manual occupation household had dental caries compared to 26% of
adults in a managerial and professional occupational household (The Health and Social
Care Information Centre, 2010). However, this insight is limited in the decay
experience of working-aged adults. Table 1.3 shows that there was variation with age,
although no clear pattern emerged; 27% of 45 to 54 year olds and 65 to 74 year olds
had obvious decay, compared with 40% of those aged between 75 and 84 years and
37% of those aged 25 to 34 (White, Pitts, Steele, et al., 2011).
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Table 1.3 Proportion of dentate adult population with carious teeth from ADHS 2009
(White, Pitts, Steele, et al., 2011)
Characteristics of dentate adults
All
Age (years)

Sex

% with any carious teeth
(crowns and roots)
31

16-24

30

25-34

37

35-44

30

45-54

27

55-64

29

65-74

27

75-84

40

85 and over

33

Male

34

Female

28

This survey confirms that older adults are a caries active population, congruent with
the findings of previous large cohort studies in community-dwelling older people
(Beck, Hunt, Hand, et al., 1985; Graves, Beck, Disney, et al., 1992; Locker & Leake,
1993a; Slade & Spencer, 1997). Such studies have challenged previous conceptions
that dental caries was predominantly active in younger populations. In fact, studies
have found that the mean increment of caries activity in older adults is 1 surface per
year (Griffin, Griffin, Swann, et al., 2004; Thomson, 2004) which is similar to that
observed through age until early thirties (Broadbent, Thomson, & Poulton, 2008). In
these studies, the incremental caries activity in older adults is represented by both
coronal and root surface caries, with coronal caries being the more significant
contributor to the overall increment.
In previous literature, reporting of caries in the older population has been limited to
incidence of root caries. Despite the number of natural teeth decreasing with age, the
proportion of teeth that are at risk from root caries will also increase with age (Fuller,
Steele, Watt, et al., 2011). For example, only 7% of the teeth of adults aged 16 to 24
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are vulnerable to root caries compared with 36% of teeth in the 45 to 54 age group,
56% in the 65 to 74 age group and almost two thirds, 62% in those aged 75 to 84
(White, Pitts, Steele, et al., 2011). The disease progression is the same for both root
caries and coronal caries, but root surfaces of teeth with attachment loss were found
to be particularly prone to dental caries (Hellyer, 2011; The Health and Social Care
Information Centre, 2010). A study examining a large group of 75-year-old individuals
demonstrated that the presence of periodontitis, as measured by increased clinical
attachment loss, was associated with increased levels of lactobacilli, microorganisms
that have been associated with the development of root caries lesions. In turn, these
individuals were at increased risk for root caries (Saotome, Tada, Hanada, et al., 2006).

1.4.2.2 Periodontal disease
Periodontal disease encompass gingivitis (inflammation of the gums without any loss
of bone and tissue), periodontitis (both chronic and aggressive) and other conditions
affecting the periodontium (Armitage, 1999). New classifications and differences in
definitions, indices and methods of detection of periodontal disease has made
epidemiological comparisons challenging (Page & Eke, 2007; Thomson, 2014).
Research definitions for periodontal disease are more specifically related to tooth
pocket depths and loss of attachment, in millimetres, rendering the disease either
mild, moderate or severe; which has been suggested may significantly underestimate
the prevalence of periodontal disease (Holm-Pedersen, Muller, & Lang, 2015). The
ADHS defines a tooth as periodontally healthy as ‘pocketing and loss of attachment
less that 4mm’, of which 50% of the sample population had pocketing and loss of
attachment of 4mm or more, as shown in Figure 1.11. The survey has shown that
prevalence of periodontal disease remains common at low level severity with a slight
increase the prevalence in the more advanced stages of the disease (White, Pitts,
Steele, et al., 2011); it is at this stage where tooth loss is a distinctive possibility.
Chronic periodontitis is the most common form of periodontitis, although the onset of
the disease may be at any age it is mainly detected in adults over 35 years old; with
prevalence and severity increasing with age (Nield-Gehrig & Willmann, 2007). In Figure
1.11, the proportion of adults 85 years and older with pocketing of 4mm or more
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reduced by 15% compared to the other older age groups (White, Pitts, Steele, et al.,
2011). This may be explained in that the few natural teeth remaining with
longstanding periodontal disease (deep pocketing) had poor prognosis and had finally
suffered a similar fate to the rest of the missing dentition. A review by Locker et al.
also supports this idea that the experience of periodontitis is likely to be
underestimated (Locker, Slade, & Murray, 1998); the marked incremental tooth loss
which is usually seen among older adults means that the remaining dentition
comprises the ‘healthy survivors’.

Proportion of sample population, %

Figure 1.11 Proportion of dentate adult population with periodontal condition from
ADHS 2009 (White, Pitts, Steele, et al., 2011)
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The ADHS 2009 also showed that, based on the socio-economic classification of the
households, there is less social variation in prevalence of periodontal disease
compared to caries (White, Tsakos, Pitts, et al., 2012). However, on the whole it has
been reported that those that are socially and economically disadvantaged are at a
considerably increased risk of serious periodontal disease (Holm-Pedersen, Muller, &
Lang, 2015). Additionally, there is an association between periodontal disease and
other socio-demographic factors such as sex, ethnicity and education, as well as
behavioural factors including poor oral hygiene, smoking, low dental attendance,
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limited physical activity and stress-producing life changes, and by systemic conditions
(for example, diabetes mellitus). There is a two-way relationship between periodontal
disease and diabetes (Grossi & Genco, 1998)– poorly controlled diabetes is known to
increase the risk of periodontal disease and hasten its progression (Taylor and
Borgnakke, 2008). Although these risk factors for periodontal disease can occur at any
age, increasing age often exacerbates these risk factors due to increased risk of
systemic disease, frailty and decreased functional ability (Holm-Pedersen, Muller, &
Lang, 2015).
Caries and Periodontal disease – joint risk factors
A joint workshop was held in 2016 between the European Federation of
Periodontology and the European Organization for Caries Research to discuss the
relationship between caries and periodontal disease. Both are the most common noncommunicable disease (NCD) and, as established, are the main cause of tooth loss. The
synergy of the two organisations highlights the common risk factors and social
determinants between the two conditions – in particular dental biofilm. Due to the
plaque-driven nature of both diseases, there is consistent evidence that demonstrates
mechanical plaque removal is imperative to reverse (or at least halt) any disease
progression. Furthermore, the cumulative nature of both disease will increase with age
- either directly or indirectly (López, Smith, Göstemeyer, et al., 2017; Tonetti,
Bottenberg, Conrads, et al., 2017a).

1.4.2.3 Dry mouth
Dry mouth occurs when the salivary glands do not make enough saliva to keep the
mouth moist, termed hyposalivation, which affects an individual’s ability to chew,
swallow and talk effectively. Additionally, the loss of salivary proteins and electrolytes
can accelerate the caries and other infection processes by decreasing the buffering
action and increasing the number of deleterious microorganisms (Lamoreux, 2014).
Xerostomia is the subjective symptom of dry mouth, and is perceived as a natural
consequence of ageing (Fox, van der Ven, Sonies, et al., 1985; Guggenheimer & Moore,
2003). The measurement of salivary flow rate is a simple method to quantify
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hyposalivation. However, salivary output remains unchanged in healthy older adults
(Ship, 2015).
Nevertheless, the most common aetiology of salivary hypofunction is iatrogenic; over
400 medications commonly taken by older adults reduce or change salivary gland
performance, as well as the systemic conditions themselves; examples are listed in
Table 1.4.
Table 1.4 Risk factors associated with salivary hypofunction in older adults (Ship, 2015)
Risk factor categories associated
with salivary hypofunction

Medications

Systemic conditions

Oral conditions
Oncology therapy

Examples
Anticholinergics
Antihistamines
Antihypertensives
Anti-Parkison’s disease
Anti-seizure
Cytotoxic agents
Sedatives and tranquilizers
Skeletal muscle relaxants
Tricylic antidepressants
Alzheimer’s disease
Cerebrovascular accidents
Diabetes mellitus
End-stage liver disease
Rheumatoid arthritis
Sjörgen’s syndrome
Systemic lupus erythematosus
Thyroid disorders
(Dehydration)
Bacterial and viral infections
Salivary gland obstructions
Traumatic lesions
Neoplasms
Cytotoxic chemotherapy
Head and neck radiotherapy

The frequency of medication use that influences salivary flow increases with age (Ship
& Baum, 1990; Ship, Pillemer, & Baum, 2002) and the intake of prescription
medications increases with age, with more than 75% of persons aged 65 and older
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taking at least one prescription medication (Chrischilles, Foley, Wallace, et al., 1992).
As a person ages, there is also an increased risk of salivary gland infections,
obstructions and neoplasms. Additionally, external beam radiation in the treatment of
head a neck cancers can cause severe and permanent salivary hypofunction and this
predominantly affects the older population since the vast majority of head and neck
cancers occurs in persons 50 years and over (Ridge, Mehra, Lango, et al., 2016; Ship,
2015).
Patients with xerostomia do not necessarily have decreased saliva production
(Thomson, Chalmers, Spencer, et al., 1999) and thus a valid scientific methodology is
difficult in assessing the epidemiology of dry mouth. Previous research has confirmed
that older patients are significantly more likely to report having dry mouth than
younger participants and the overall prevalence in older adults ranged between 7%
and 29% (Guggenheimer & Moore, 2003; Villa, Polimeni, Strohmenger, et al., 2011),
increasing to 40-60% in institutionalised persons. Dry mouth causes serious problems
in oral tissues as well as in oral function: increased incidence of caries, gingivitis,
difficulty in chewing, swallowing, speech and taste, burning sensation, etc. (Ervin &
Dye, 2012; Singh & Brennan, 2012; Turner & Ship, 2007). Xerostomia has also been
associated with a decrease in quality of life in elderly patients (Baker, Pankhurst, &
Robinson, 2006; Hahnel, Schwarz, Zeman, et al., 2014; Paredes-Rodríguez, TorrijosGómez, González-Serrano, et al., 2016).
In the elderly, these three main oral diseases and conditions alone confer a wide range
of associated risk factors. In order to manage the conditions in a certain population,
the risk factors need to be modified and/or removed; but first, they need to be fully
understood. There is a need to assess which risk factors directly influence the physical,
psychosocial and dental health outcomes associated with older adults. Therefore, a
systematic approach to patient assessment confers a benefit in the management of
the older adult (Ghezzi, Berkey, Besdine, et al., 2015).
1.4.3 Oral health indicators in older adults
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When evaluating oral health in the elderly population, standards and priorities for
reporting oral health outcome measures have to be defined. Indicators for evaluating
oral health can be either clinical, functional or subjective.
Clinical & Functional
As discussed in section 1.4.1, simple anatomical indicators such as number of natural
teeth or the presence of fixed or removal prostheses might be one option for reporting
oral health of older adults (Petersen, Baez, & World Health Organization, 2013). In the
absence of a diagnostic assessment, DMF index has long been used as a crude measure
of reporting caries experience in dental epidemiology. However, there are issues with
overestimating and assuming caries experience when the M (Missing) component of
the index is calculated – the tooth could be missing for a variety of reasons; genetically
missing, trauma or periodontal disease (Broadbent & Thomson, 2005). Functional
indicators for oral health might be related to the masticatory performance. Another
important functional indicator for oral health and disability may be the plaque and
denture plaque indices, as they reflect the patient's ability and motivation to maintain
oral hygiene (Müller, Shimazaki, Kahabuka, et al., 2017). These indices are of particular
importance in estimating the health risks associated with oral biofilm and periodontal
disease. Other indicators that report the presence of disease or its long-term sequalae
can be used, such as Community Periodontal Index of Treatment Need (Cutress,
Ainamo J, & Sardo-Infirri, 1987), Eichner Index for oral function (Ikebe, Matsuda,
Murai, et al., 2010) or simply the prevalence of a particular disease or dysfunction.
Subjective
The patient's perception is key in evaluating the treatment needs of the ageing
population. As found earlier in this chapter, Health-Related QoL (HRQoL) can be
understood as a multidimensional concept, which tries to explain the physical,
psychosocial, social and ADL aspects from an individual’s point of view. Oral Health
Related Quality of Life (OHRQoL) describes the oral health-related well-being and
satisfaction in these dimensions.
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At all ages, a healthy natural dentition and a pleasing dental appearance contribute to
Quality of Life. Halitosis and dental deterioration may foster social isolation, limit
participation in social activities, and influence the judgements we make about another
person's personality traits (Duvernay, Srinivasan, Legrand, et al., 2014). A study found
that presence of natural teeth allowed for unrestricted psycho-social well-being,
whereas tooth loss and replacement teeth are often associated with a loss of vitality
and old age (Müller, Shimazaki, Kahabuka, et al., 2017).
The Oral Health Impact Profile (OHIP) is the most popular questionnaire in order to
assess OHRQoL. It consists of 49 items (OHIP-49) that evaluate seven dimensions of
OHRQoL: functional limitation, physical pain, psychological discomfort, physical
disability, psychological disability, social disability and handicap (Slade & Spencer,
1994). However, its implementation may take a long time, so Slade has developed a
shortened version of OHIP with a total of 14 items (OHIP-14), which measures the
same dimensions with good reliability, validity and precision (Slade, 1997). A study in
Swedish 70-years olds found that low number of natural teeth and deficiencies in
masticatory performance are significant predictors of low OHRQoL (OHIP-14)
(Stenman, Ahlqwist, Björkelund, et al., 2012).
Service utilisation (self-reporting)
The aim of dental care is to maintain or restore oral health and thus the use of dental
care services should be a useful measure for the oral health of the population.
However, as an indicator of service use, Nitschke and colleagues compared the
accuracy of self-reported ‘time since last dental visit’ with the actual dental records in
a sample of German elders aged 70 to 103 years old (Nitschke, Muller, &
Hopfenmuller, 2001). Only 13% correctly remembered when they had last seen the
dentist (within a thirty-day variance), another 55% were mistaken by one to six month
and the remainder were more than six months incorrect (Nitschke, Muller, &
Hopfenmuller, 2001). This study confirms that research using a self-reporting
technique may find a higher level of dental care utilisation than research using more
objective insurance claim registration or dental records as a data source, leading to an
overestimate of actual consumption (Holm-Pedersen, Vigild, Nitschke, et al., 2005)
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1.4.5 Geriatric (giant) risk factors influencing oral health
There are many ways in which age-related disorders influence oral health; below are
examples of how some of geriatric giants (from earlier in this chapter) interact with
oral health.
Immobility & Instability - Disability in old age
The majority of adults aged over 75 are limited in their daily activities and the
proportion who experience limitations has increased through the decades (National
Audit Office, 2014). Toothbrushing is a daily activity that is needed for the disruption of
plaque biofilm to prevent oral disease. Manual dexterity and tooth-brushing ability
may be compromised by arthritis, which can exacerbate periodontal disease and lead
to tooth loss. A study in a community-dwelling Swedish population over the age of 80
years found that the older adults with reduced functional ability had more root caries,
as depicted in Figure 1.12, and many other studies have confirmed such a finding
(Avlund, Holm-Pedersen, Morse, et al., 2004).

Proportion of elderly Swedish
population, %

Figure 1.12 Percentage of community-dwelling older adults with and without caries
in relation to their functional abilities (Avlund, Holm-Pedersen, Mores et al., 2004)
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Additionally, this study showed that people who were not able to perform IADL had
more coronal caries (Avlund, Holm-Pedersen, Morse, et al., 2004). Moreover, older
people with functional limitations may not be able to attend a dental practice without
transportation, or sit in a dental chair for long periods which may affect dental service
utilisation and limit treatment options.
Psychiatric disorders/Impairment of intellect
Dementia, and other cognitive impairments, has implications for examination and
treatment of adults who lack the capacity to consent, who may not be able to
cooperate with dental treatment, or are dependent on others to arrange dental
appointments and provide oral hygiene measures. It was found that those very old
subjects that had low cognitive function had a four times higher risk of not using
dental services regularly (Avlund, Holm-Pedersen, Morse, et al., 2004).
Iatrogenic complications/Polypharmacy
As discussed, there are increasing numbers of older people are taking multiple
medications for long-term conditions and the most common side-effect of prescribed
medications is dry mouth (Gueiros et al, 2009). Having a dry mouth increases the risk
of dental caries as the natural anti-caries properties of saliva are reduced.
Furthermore, in an attempt to moisten the oral mucosa or stimulate saliva production,
people may consume more sugar containing liquids or sweets, which can have further
detrimental effects. Some medications for long-term conditions may also contain sugar
and would be a further source of increased caries risk.
Noncommunicable disease (NCD)
Noncommunicable diseases (NCDs), also known as chronic diseases, have a high
prevalence in older adults – often in combination (referred to earlier as
multimorbidity). The four major NCDs are cardiovascular disease, cancer, diabetes, and
chronic respiratory diseases. Oral diseases by its nature is a NCD and shares modifiable
risk factors with other NCDs including tobacco use, harmful use of alcohol and
unhealthy diets, as well as the same socio-economic determinants (FDI World Dental
Federation, 2015).
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Oral health – new geriatric giant?
The complexity of oral health and older adults been demonstrated. Oral health status
may be jeopardised by frailty, disability, level of dependence and, consequently,
affecting access to dental care services. The levels of oral disease in older adults and
existing evidence suggests that the oral health needs of older people are currently
neither well-understood nor well-met. Poor oral health of older adults has become a
major concern and van der Putten and colleagues stated:
“ In case oral healthcare providers do not take the responsibility of persuading
society of the importance of adequate oral health, weakened oral health of
community-dwelling older people will become a potential new geriatric syndrome”
(van der Putten, de Baat, De Visschere, et al., 2014)
1.4.6 Management of the older adult dental patient
Influenced by epidemiological trends, dental care providers will be presented with
older, medically-complex patients who, as result of tooth retention, will require more
oral health services than previous generations. While retaining natural teeth into old
age is a success, many older people who have their own teeth will have an abundance
of fillings, crowns and bridges; the so-called “heavy metal generation” (Steele, Rooney,
Clarke, et al., 2009; Watt, Steele, Treasure, et al., 2013). A significant proportion of
older adults are likely therefore to have complex dental treatment needs and this will
increase over time. Together with influences of independence and frailty - these will
result in this group having significant, and rapidly changing oral health needs requiring
active management.
Some thirty years ago, treatment planning in the elderly was discussed based on levels
of frailty (Ettinger & Beck, 1984). In 2014, a workshop of experts developed the Seattle
Care Pathway, an index for dental professionals which brings together the level of
dependency together with the aforementioned Canadian Study of Health and Aging
Frailty Scores (Rockwood, Song, MacKnight, et al., 2005) in an attempt to identify the
oral health needs at each stage of dependency (Pretty, Ellwood, Lo, et al., 2014b):
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No dependency – CSHA Level 1 & 2
Pre-dependency – CSHA Level 3
Low dependency – CSHA Level 4
Medium dependency – CSHA Level 5
High dependency – CSHA Level 6 & 7.
The descriptions of the different populations do not include age ranges; encouraging
dental professionals to be aware that pre-dependency can occur at any age.
Implementing pathways such as this standardises the quality of care by tailoring
respective recommendations on evidence-based practice (Pretty, Ellwood, Lo, et al.,
2014b).
Good oral health can support people to stay independent for longer, or to recover
form episodes of crisis of frailty (referred to earlier as ‘stressor’ in section 1.2.1.3). As
such, Public Health England suggests prioritising action to assess oral status, maintain
oral hygiene and arrange appropriate dental treatment (Public Health England, 2018a).
Figure 1.13 is adapted from their commissioning report to shows the level of oral
health support an individual may need at each stage of independence and proposed
setting for delivering such oral care.
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Figure 1.13 Oral health support required at different levels of independence (Public
Health England, 2018a)

Challenge of setting
The majority of older adults are living in the community, with some level of
independence, rather than in residential care. In ageing policy this is known as ‘ageing
in place’ – a definition by the US Centers for Disease Control and Prevention as ‘the
ability to live in one’s own home and community safely, independently, and
comfortably, regardless of age, income or ability level’ (Centers for Disease Control and
Prevention, 2009).
In the UK, dental care for these community-dwelling older patients is provided by the
National Health Service (NHS) and by private dental practitioners. There is a significant
body of evidence that older people have high levels of oral health needs as they
become more vulnerable (Public Health England, 2015), most notably amongst
residents of care homes (Belsi, Gonzalez-Maffe, Jones, et al., 2013; Monaghan &
Morgan, 2015; Public Health England, 2015).
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There is some evidence that older people in residential care homes may be able to
access routine primary dental care practitioners but that adults who are more
vulnerable, particularly those living in nursing homes, are significantly more likely to
need domiciliary care (Belsi, Gonzalez-Maffe, Jones, et al., 2013). However, the level of
domiciliary care in England has reduced markedly under current commissioning
arrangements and it may not be clear how to access domiciliary care for carers. Issues
around transport and staff support have been reported by care home managers (Belsi,
Gonzalez-Maffe, Jones, et al., 2013). Furthermore, a review found four studies
identifying loss of time from private practice as a barrier to delivering oral health in
care home (Carson & Edwards, 2014). Domiciliary visits to care homes by GDPs are
becoming increasingly rare, therefore regular checks to allow prevention and routine
care may not be performed (Gallagher et al., 2010).
The NHS Community Dental Service (CDS) should provide a safety net for dental care
of frail and dependent elderly persons who cannot access general dental care services
(Figure 1.13). The CDS provide easy-access into the surgery, or other adaptions suited
for people with physical disabilities. They also have dental practitioners who have
received training in treating patients with special requirements. However, the
availability of this service is not uniform across the UK.
Reflections on current practice
Provision of oral health care requires an insight into, and expertise of, the many facets
that have now evolved in the treatment of elderly dental patients. When older adults
require dental care, it is important the practitioners are well-equipped to
appropriately recognise each stage of vulnerability to highlight associated oral risk
factors and provide the appropriate level of mouth care in response to their changing
needs.
Currently, prevention guidelines as reported in the national Delivering Better Oral
Health toolkit do not specify older adults as a separate risk population unlike younger
age groups (up to 3 years, 3-6 years, 12-17 years) who are comparatively homogenous
in nature (Public Health England, 2014). In the UK, there are clinical recommendations
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for daily use of higher fluoride containing toothpaste in dentate vulnerable older
people, although this requires effective toothbrushing (Brocklehurst, Williams, Hoare,
et al., 2016; Public Health England, 2018b). This highlights the need for a focus on
prevention at older age. Care largely falls into two categories: self-care and
professional care, and both should be supported by wider action to promote oral
health at all levels of dependency and reduce inequality.
In light of this, it was opportune to investigate ways to address the disparities in
evidence-based guidelines for oral health in older adults. Therefore, the preliminary
objectives of the thesis were:
1. Identifying older adults requiring dental care services
2. Evaluate the oral health needs of this older adult population
3. Ascertain factors associated with oral health.
These oral health insights would help develop an intervention that may be appropriate
for older adults.

77

References
Abellan van Kan, G., Rolland, Y., Bergman, H., Morley, J. E., Kritchevsky, S. B., & Vellas, B.
(2008). The I.A.N.A Task Force on frailty assessment of older people in clinical practice.
The Journal of Nutrition, Health & Aging, 12(1), 29–37. Retrieved from
http://www.ncbi.nlm.nih.gov/pubmed/18165842
Aly, N. M. (2005). The Geriatric Giants in Geriatric Medicine. London: Author.
Alzheimer’s Society. (2014). Dementia 2014 infographic. Retrieved April 22, 2016, from
Dementia 2014: Opportunity for change? website:
https://www.alzheimers.org.uk/about-us/policy-and-influencing/dementia-uk-report
Andrade, A. do N., Fernandes, M. das G. M., Nóbrega, M. M. L. da, Garcia, T. R., & Costa, K. N.
de F. M. (2012). Frailty in the elderly: conceptual analysis. Exto & Contexto - Enfermagem,
21(4), 748–756. https://doi.org/10.1590/S0104-07072012000400004
Armellini, D., & von Fraunhofer, J. A. (2004). The shortened dental arch: a review of the
literature. The Journal of Prosthetic Dentistry, 92(6), 531–535.
https://doi.org/10.1016/S002239130400530X
Armitage, G. (1999). Development of a classification system for periodontal diseases and
conditions. Annals of Periodontology. Retrieved from
http://www.joponline.org/doi/abs/10.1902/annals.1999.4.1.1
Avlund, K., Holm-Pedersen, P., Morse, D. E., Viitanen, M., & Winblad, B. (2004). Tooth loss and
caries prevalence in very old Swedish people: the relationship to cognitive function and
functional ability. Gerodontology, 21(1), 17–26. Retrieved from
http://www.ncbi.nlm.nih.gov/pubmed/15074536
Baker, S. R., Pankhurst, C. L., & Robinson, P. G. (2006). Utility of two oral health-related
quality-of-life measures in patients with xerostomia. Community Dentistry and Oral
Epidemiology, 34(5), 351–362. https://doi.org/10.1111/j.1600-0528.2006.00285.x
Barnett, K., Mercer, S. W., Norbury, M., Watt, G., Wyke, S., & Guthrie, B. (2012). Epidemiology
of multimorbidity and implications for health care, research, and medical education: a
cross-sectional study. Lancet, 380(9836), 37–43. https://doi.org/10.1016/S01406736(12)60240-2

78

Beck, J. D., Hunt, R. J., Hand, J. S., & Field, H. M. (1985). Prevalence of root and coronal caries
in a noninstitutionalized older population. The Journal of the American Dental
Association, 111(6), 964–967. https://doi.org/10.14219/jada.archive.1985.0242
Belsi, A., Gonzalez-Maffe, J., Jones, K., Wright, D., & Gallagher, J. (2013). Care home managers’
views of dental services for older people living in nursing and residential homes in inner
city London. Community Dental Health, 30, 77–82.
https://doi.org/10.1922/CDH_2949Gallagher06
Borson, S., Scanlan, J. M., Watanabe, J., Tu, S.-P., & Lessig, M. (2006). Improving identification
of cognitive impairment in primary care. International Journal of Geriatric Psychiatry,
21(4), 349–355. https://doi.org/10.1002/gps.1470
British Dental Association. (2012). Oral Healthcare for Older Peope - 2020 Vision Check-up
January 2012. Retrieved November 9, 2015, from https://www.bda.org/dentists/policycampaigns/research/patient-care/Documents/older_adults_2012_checkup.pdf
British Dental Association. (2013). Shortened dental arch therapy in old age BDA Evidence
Summary. Retrieved April 25, 2016, from
https://www.bda.org/dentists/education/sgh/Documents/Shortened dental arch therapy
in old age.pdf
British Geriatrics Society. (2014). Fit for Frailty - Part 1 Consensus best practice guidance for
the care of older people living in community and outpatient settings. Retrieved from
https://www.bgs.org.uk/sites/default/files/content/resources/files/2018-0523/fff_full.pdf
British Geriatrics Society and the Royal College of General Practitioners. (2015). Fit for FrailtyPart 2 Developing, commissioning and managing services for people living with frailty in
community settings. Retrieved from
https://www.bgs.org.uk/sites/default/files/content/resources/files/2018-0523/fff2_full.pdf
Broadbent, J. M., & Thomson, W. M. (2005). For debate: problems with the DMF index
pertinent to dental caries data analysis. Community Dentistry and Oral Epidemiology,
33(6), 400–409. https://doi.org/10.1111/j.1600-0528.2005.00259.x
Broadbent, J. M., Thomson, W. M., & Poulton, R. (2008). Trajectory patterns of dental caries
experience in the permanent dentition to the fourth decade of life. Journal of Dental
Research, 87(1), 69–72. Retrieved from
79

http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=2254448&tool=pmcentrez&
rendertype=abstract
Brocklehurst, P. R., Mackay, L., Goldthorpe, J., & Pretty, I. A. (2015). Older people and oral
health: setting a patient-centred research agenda. Gerodontology, 32(3), 222–228.
https://doi.org/10.1111/ger.12199
Brocklehurst, P. R., Williams, L., Hoare, Z., Goodwin, T., McKenna, G., Tsakos, G., Chestnutt, I.
G., Pretty, I., Wassall, R., Jerković-Ćosić, K., Hayes, M., Watt, R. G., & Burton, C. (2016).
Strategies to prevent oral disease in dependent older people. Cochrane Database of
Systematic Reviews, (10), 1–17. https://doi.org/10.1002/14651858.CD012402
Brorsson, B., & Asberg, K. H. (1984). Katz index of independence in ADL. Reliability and validity
in short-term care. Scandinavian Journal of Rehabilitation Medicine, 16(3), 125–132.
Retrieved from http://www.ncbi.nlm.nih.gov/pubmed/6494836
Byles, J., Millar, C. J., Sibbritt, D. W., & Chiarelli, P. (2009). Living with urinary incontinence: a
longitudinal study of older women. Age and Ageing, 38(3), 333–338; discussion 251.
https://doi.org/10.1093/ageing/afp013
Campbell, A. J., & Buchner, D. M. (1997). Unstable disability and the fluctuations of frailty. Age
and Ageing, 26(4), 315–318. https://doi.org/10.1093/ageing/26.4.315
Carson, S. J., & Edwards, M. (2014). Barriers to providing dental care for older people.
Evidence-Based Dentistry, 15(1), 14–15. https://doi.org/10.1038/sj.ebd.6400984
Centers for Disease Control and Prevention. (2009). Healthy Place Terminology. Retrieved
from Healthy Places website: cdc.gov/healthplace/terminology.htm
Chamberlain, J., & Gill, B. (2005). Fertility and mortality. Focus on People and Migration.
Retrieved from http://www.ons.gov.uk/ons/rel/fertility-analysis/focus-on-people-andmigration/december-2005/focus-on-people-and-migration---focus-on-people-andmigration---chapter-5.pdf
Chrischilles, E. A., Foley, D. J., Wallace, R. B., Lemke, J. H., Semla, T. P., Hanlon, J. T., Glynn, R.
J., Ostfeld, A. M., & Guralnik, J. M. (1992). Use of medications by persons 65 and over:
data from the established populations for epidemiologic studies of the elderly. Journal of
Gerontology, 47(5), M137-44. https://doi.org/10.1093/geronj/47.5.m137
Clegg, A., Bates, C., Young, J., Ryan, R., Nichols, L., Ann Teale, E., Mohammed, M. A., Parry, J.,
& Marshall, T. (2016). Development and validation of an electronic frailty index using

80

routine primary care electronic health record data. Age and Ageing, 45(3), 353–360.
https://doi.org/10.1093/ageing/afw039
Clegg, A., & Young, J. (2015). Frailty and Organization of Health and Social Care. In Olga Theou
& K. Rockwood (Eds.), Frailty in Aging: Biological, Clinical and Social Implications (pp.
161–173). https://doi.org/10.1159/000381233
Clegg, A., Young, J., Iliffe, S., Rikkert, M. O., & Rockwood, K. (2013). Frailty in elderly people.
Lancet, 381(9868), 752–762. https://doi.org/10.1016/S0140-6736(12)62167-9
Crimmins, E. M., Kim, J. K., & Solé-Auró, A. (2011). Gender differences in health: results from
SHARE, ELSA and HRS. European Journal of Public Health, 21(1), 81–91.
https://doi.org/10.1093/eurpub/ckq022
Cutress, T., Ainamo J, & Sardo-Infirri, J. (1987). The community periodontal index of treatment
needs (CPITN) procedure for population groups and individuals. International Dental
Journal, 37(4), 222–233. Retrieved from
https://www.ncbi.nlm.nih.gov/m/pubmed/3481626/
De Lepeleire, J., Iliffe, S., Mann, E., & Degryse, J. M. (2009). Frailty: an emerging concept for
general practice. British Journal of General Practice, 59(562), e177–e182.
https://doi.org/10.3399/bjgp09X420653
De Marchi, R. J., Hilgert, J. B., Hugo, F. N., Santos, C. M. Dos, Martins, A. B., & Padilha, D. M.
(2012). Four-year incidence and predictors of tooth loss among older adults in a southern
Brazilian city. Community Dentistry and Oral Epidemiology, 40(5), 396–405.
https://doi.org/10.1111/j.1600-0528.2012.00689.x
Dent, E., Kowal, P., & Hoogendijk, E. O. (2016). Frailty measurement in research and clinical
practice: A review. European Journal of Internal Medicine, 31, 3–10.
https://doi.org/10.1016/j.ejim.2016.03.007
Department for Communities and Local Government. (2015a). English indices of deprivation
2015. Retrieved August 30, 2019, from National Statistics website:
https://www.gov.uk/government/statistics/english-indices-of-deprivation-2015
Department for Communities and Local Government. (2015b). The English Index of Multiple
Deprivation (IMD) 2015 - Guidance. Retrieved February 22, 2016, from
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/46443
0/English_Index_of_Multiple_Deprivation_2015_-_Guidance.pdf

81

Department for Communities and Local Government. (2015c). The English Indices of
Deprivation 2015 - Statistical Release. https://doi.org/978-1-4098-4688-8
Department of Economic and Social Affairs. (2017). Changing population age structures and
sustainable development: A Concise Report. Retrieved from
https://www.un.org/en/development/desa/population/publications/pdf/trends/Concise
Report2017/English.pdf
Department of Health. (2002). National Service Framework for Older People. Retrieved from
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/19803
3/National_Service_Framework_for_Older_People.pdf
Department of Health. (2005). The National Service Framework for Long-term Conditions.
Retrieved from
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/19811
4/National_Service_Framework_for_Long_Term_Conditions.pdf
Department of Health. (2007). A Recipe for Care - Not a Single Ingredient. Retrieved April 24,
2016, from Department of Health: The National Archives website:
https://webarchive.nationalarchives.gov.uk/20070402095155/http://www.dh.gov.uk/en
/Publicationsandstatistics/Publications/PublicationsPolicyAndGuidance/DH_065224
Department of Health. (2013). Improving outcomes and supporting transparency Part 1A: A
public health outcomes framework for England, 2013-2016. Retrieved from
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/26365
8/2901502_PHOF_Improving_Outcomes_PT1A_v1_1.pdf
Drake, C. W., Hunt, R. J., & Koch, G. G. (1995). Three-year tooth loss among black and white
older adults in North Carolina. Journal of Dental Research, 74(2), 675–680. Retrieved
from http://www.ncbi.nlm.nih.gov/pubmed/7722064
Duvernay, E., Srinivasan, M., Legrand, L., Herrmann, F., Steinbüchel, N., Biol, H., & Müller, F.
(2014). Dental Appearance and Personality Trait Judgment of Elderly Persons. The
International Journal of Prosthodontics, 27(4), 348–354.
https://doi.org/10.11607/ijp.3813
Ellis, G., Whitehead, M. A., Robinson, D., O’Neill, D., & Langhorne, P. (2011). Comprehensive
geriatric assessment for older adults admitted to hospital: meta-analysis of randomised
controlled trials. British Medical Journal (Clinical Research Ed.), 343(7832), d6553.
https://doi.org/10.1136/bmj.d6553
82

Ervin, B. R., & Dye, B. A. (2012). Number of natural and prosthetic teeth impact nutrient
intakes of older adults in the United States. Gerodontology, 29(2), e693–e702.
https://doi.org/10.1111/j.1741-2358.2011.00546.x
Ettinger, T., & Beck, J. (1984). Geriatric dental curriculum and the needs of the elderly. Special
Care in Dentistry, 4(5), 207–213. https://doi.org/10.1111/j.1754-4505.1984.tb00189.x
FDI World Dental Federation. (2015). The Challenge of Oral Disease - A call for global action.
The Oral Health Atlas (2nd ed.). Retrieved from
https://www.fdiworlddental.org/sites/default/files/media/documents/complete_oh_atla
s.pdf
Fejerskov, O., & Manji, F. (1990). Risk assessment in dental caries. In J. Bader (Ed.), Risk
assessment in dentistry (pp. 215–217). Chapel Hill, North Carolina.
Fick, D. M., Agostini, J. V., & Inouye, S. K. (2002). Delirium Superimposed on Dementia: A
Systematic Review. Journal of the American Geriatrics Society, 50(10), 1723–1732.
https://doi.org/10.1046/j.1532-5415.2002.50468.x
Fong, T. G., Davis, D., Growdon, M. E., Albuquerque, A., & Inouye, S. K. (2015). The interface
between delirium and dementia in elderly adults. The Lancet. Neurology, 14(8), 823–832.
https://doi.org/10.1016/S1474-4422(15)00101-5
Fox, P. C., van der Ven, P. F., Sonies, B. C., Weiffenbach, J. M., & Baum, B. J. (1985).
Xerostomia: evaluation of a symptom with increasing significance. The Journal of the
American Dental Association, 110(4), 519–525.
https://doi.org/10.14219/jada.archive.1985.0384
Fried, L. P., Tangen, C. M., Walston, J., Newman, A. B., Hirsch, C., Gottdiener, J., Seeman, T.,
Tracy, R., Kop, W. J., Burke, G., & McBurnie, M. A. (2001). Frailty in Older Adults: Evidence
for a Phenotype. The Journals of Gerontology Series A: Biological Sciences and Medical
Sciences, 56(3), M146–M157. https://doi.org/10.1093/gerona/56.3.M146
Fuller, E., Steele, J., Watt, W., & Nuttall, N. (2011). 1: Oral health and function – a report from
the Adult Dental Health Survey 2009. Retrieved from The Health and Social Care
Information Centre website:
https://files.digital.nhs.uk/publicationimport/pub01xxx/pub01086/adul-dent-heal-survsumm-them-the1-2009-rep3.pdf

83

Ghezzi, E. M., Berkey, D. B., Besdine, R. W., & Jones, J. A. (2015). Clincial assessment of the
elderly patient. In P. Holm-Pedersen, A. W. Walls, & J. A. Ship (Eds.), Textbook of Geriatric
Dentistry (3rd ed., p. 61). John Wiley & Sons, Ltd.
Gilbert, G. H., Miller, M. K., Duncan, R. P., Ringelberg, M. L., Dolan, T. A., & Foerster, U. (1999).
Tooth-specific and person-level predictors of 24-month tooth loss among older adults.
Community Dentistry and Oral Epidemiology, 27(5), 372–385.
https://doi.org/10.1111/j.1600-0528.1999.tb02034.x
Glick, M., Williams, D. M., Kleinman, D. V., Vujicic, M., Watt, R. G., & Weyant, R. J. (2016). A
new definition for oral health developed by the FDI World Dental Federation opens the
door to a universal definition of oral health. British Dental Journal, 221(12), 792–793.
https://doi.org/10.1038/sj.bdj.2016.953
Gobbens, R. J. J., van Assen, M. A. L. M., Luijkx, K. G., Wijnen-Sponselee, M. T., & Schols, J. M.
G. A. (2010). The Tilburg Frailty Indicator: psychometric properties. Journal of the
American Medical Directors Association, 11(5), 344–355.
https://doi.org/10.1016/j.jamda.2009.11.003
Government Office for Science. (2016). Future of an Ageing Population. Retrieved from
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachme
nt_data/file/816458/future-of-an-ageing-population.pdf
Grantmakers in Health. (2012). Returning the Mouth in the Body: Integrating Oral Health &
Primary Care. Retrieved from
https://www.gih.org/files/FileDownloads/Returning_the_Mouth_to_the_Body_no40_Se
ptember_2012.pdf
Graves, R. C., Beck, J. D., Disney, J. A., & Drake, C. W. (1992). Root Caries Prevalence in Black
and White North Carolina Adults over Age 65. Journal of Public Health Dentistry, 52(2),
94–101. https://doi.org/10.1111/j.1752-7325.1992.tb02250.x
Gray, L., & Martin, F. C. (2005). Classifying older patients in hospital. Age and Ageing, 34(5),
422–424. https://doi.org/10.1093/ageing/afi155
Griffin, S. O., Griffin, P., Swann, J., & Zlobin, N. (2004). Estimating Rates of New Root Caries in
Older Adults. Journal of Dental Research, 83(8), 634–638.
https://doi.org/10.1177/154405910408300810
Grigsby, J. S. (1996). The Meaning of Heterogeneity: An Introduction. The Gerontologist, 36(2),
145–146. https://doi.org/10.1093/geront/36.2.145
84

Grossi, S. G., & Genco, R. J. (1998). Periodontal Disease and Diabetes Mellitus: A Two-Way
Relationship. Annals of Periodontology, 3(1), 51–61.
https://doi.org/10.1902/annals.1998.3.1.51
Guggenheimer, J., & Moore, P. A. (2003). Xerostomia: etiology, recognition and treatment.
The Journal of the American Dental Association, 134(1), 61–69.
https://doi.org/10.14219/jada.archive.2003.0018
Hager, K. (2015). Risk factors for falls and cognitive decline in older individuals. Deutsches
Ärzteblatt International, 112(7), 101–102. https://doi.org/10.3238/arztebl.2015.0101
Hahnel, S., Schwarz, S., Zeman, F., Schäfer, L., & Behr, M. (2014). Prevalence of xerostomia
and hyposalivation and their association with quality of life in elderly patients in
dependence on dental status and prosthetic rehabilitation: a pilot study. Journal of
Dentistry, 42(6), 664–670. https://doi.org/10.1016/j.jdent.2014.03.003
Harford, J. (2009). Population ageing and dental care. Community Dentistry and Oral
Epidemiology, 37(2), 97–103. https://doi.org/10.1111/j.1600-0528.2008.00441.x
Hellyer, P. H. (2011). The older dental patient-who cares? British Dental Journal, 211(3), 109–
111. https://doi.org/10.1038/sj.bdj.2011.618
Hescot, P. (2017). The New Definition of Oral Health and Relationship between Oral Health
and Quality of Life. The Chinese Journal of Dental Research, 20(4), 189–192.
https://doi.org/10.3290/j.cjdr.a39217
Hill, G. A. (2002). Activities of Daily Living. In C. B. Lewis (Ed.), Aging: The Health-Care
Challenge (Fourth, pp. 29–30). Philadelphia: F.A. Davis.
Hirschfeld, I. (1937). The Individual Missing Tooth: A Factor In Dental And Periodontal
Disease*. The Journal of the American Dental Association and The Dental Cosmos, 24(1),
67–82. https://doi.org/10.14219/jada.archive.1937.0005
Holm-Pedersen, P., Muller, F., & Lang, N. P. (2015). Pathology and treatment of gingivitis and
periodontitis in the aging individual. In P. Holm-Pedersen, A. W. Walls, & J. A. Ship (Eds.),
Textbook of Geriatric Dentistry (3rd ed., p. 213). John Wiley & Sons, Ltd.
Holm-Pedersen, P., Vigild, M., Nitschke, I., & Berkey, D. B. (2005). Dental care for aging
populations in Denmark, Sweden, Norway, United Kingdom, and Germany. Journal of
Dental Education, 69(9), 987–997. Retrieved from
http://www.jdentaled.org/content/69/9/987.full.pdf

85

Hoogendijk, E. O., van der Horst, H. E., van de Ven, P. M., Twisk, J. W. R., Deeg, D. J. H.,
Frijters, D. H. M., van Leeuwen, K. M., van Campen, J. P. C. M., Nijpels, G., Jansen, A. P. D.,
& van Hout, H. P. J. (2016). Effectiveness of a Geriatric Care Model for frail older adults in
primary care: Results from a stepped wedge cluster randomized trial. European Journal of
Internal Medicine, 28, 43–51. https://doi.org/10.1016/j.ejim.2015.10.023
House of Commons Health Committee. (2005). The Influence of the Pharmaceutical Industry.
In Fourth Report of Session 2004-05 (Vol. 1). Retrieved from
http://www.publications.parliament.uk/pa/cm200405/cmselect/cmhealth/42/42.pdf
Ikebe, K., Matsuda, K., Murai, S., Maeda, Y., & Nokubi, T. (2010). Validation of the Eichner
index in relation to occlusal force and masticatory performance. The International Journal
of Prosthodontics, 23(6), 521–524. Retrieved from
http://www.ncbi.nlm.nih.gov/pubmed/21209986
Inouye, S. K., Westendorp, R. G., & Saczynski, J. S. (2014). Delirium in elderly people. The
Lancet, 383(9920), 911–922. https://doi.org/10.1016/S0140-6736(13)60688-1
Jones, D. M., Song, X., & Rockwood, K. (2004). Operationalizing a Frailty Index from a
Standardized Comprehensive Geriatric Assessment. Journal of the American Geriatrics
Society, 52(11), 1929–1933. https://doi.org/10.1111/j.1532-5415.2004.52521.x
Kanno, T., & Carlsson, G. E. (2006). A review of the shortened dental arch concept focusing on
the work by the Käyser/Nijmegen group. Journal of Oral Rehabilitation, 33(11), 850–862.
https://doi.org/10.1111/j.1365-2842.2006.01625.x
Katz, S., Downs, T. D., Cash, H. R., & Grotz, R. C. (1970). Progress in Development of the Index
of ADL. The Gerontologist, 10(1 Part 1), 20–30.
https://doi.org/10.1093/geront/10.1_Part_1.20
Katz, S., Ford, A. B., Moskowitz, R. W., Jackson, B. A., & Jaffe, M. W. (1963). Studies of Illness in
the Aged. JAMA, 185(12), 914–919. https://doi.org/10.1001/jama.1963.03060120024016
Käyser, A. (1981). Shortened dental arches and oral function. Journal of Oral Rehabilitation,
8(5), 457–462. https://doi.org/10.1111/j.1365-2842.1981.tb00519.x
Keyes, P. (1962). Recent advances in dental caries research: Bacteriology. International Dental
Journal, 12(4), 443–464.
Kirch, W. (2008). Functional Ability. In W. Kirch (Ed.), Encyclopedia of Public Health (p. 466).
https://doi.org/10.1007/978-1-4020-5614-7_1209

86

Kulminski, A., Yashin, A., Ukraintseva, S., Akushevich, I., Arbeev, K., Land, K., & Manton, K.
(2006). Accumulation of health disorders as a systemic measure of aging: Findings from
the NLTCS data. Mechanisms of Ageing and Development, 127(11), 840–848.
https://doi.org/10.1016/j.mad.2006.08.005
Kwon, S., Hartzema, A. G., Duncan, P. W., & Min-Lai, S. (2004). Disability measures in stroke:
relationship among the Barthel Index, the Functional Independence Measure, and the
Modified Rankin Scale. Stroke; a Journal of Cerebral Circulation, 35(4), 918–923.
https://doi.org/10.1161/01.STR.0000119385.56094.32
Lamoreux, D. (2014). Finding comfort with a dry mouth: Causes of xerostomia and treatment.
Registered Dental Hygienist Magazine, 34(3). Retrieved from
http://www.rdhmag.com/articles/print/volume-34/issue-3/features/finding-comfortwith-a-dry-mouth.html
Lawton, M. P., & Brody, E. M. (1969). Assessment of older people: self-maintaining and
instrumental activities of daily living. The Gerontologist, 9(3), 179–186. Retrieved from
http://gerontologist.oxfordjournals.org/content/9/3_Part_1/179.full.pdf
Levy, B., Kosteas, J., Slade, M., & Myers, L. (2006). Exclusion of elderly persons from healthrisk behavior clinical trials. Preventive Medicine, 43(2), 80–85.
https://doi.org/10.1016/j.ypmed.2006.03.019
Lindmark, B., & Hamrin, E. (1988). Evaluation of functional capacity after stroke as a basis for
active intervention. Presentation of a modified chart for motor capacity assessment and
its reliability. Scandinavian Journal of Rehabilitation Medicine, 20(3), 103–109. Retrieved
from http://www.ncbi.nlm.nih.gov/pubmed/3187462
Lloyd-Sherlock, P., McKee, M., Ebrahim, S., Gorman, M., Greengross, S., Prince, M., Pruchno,
R., Gutman, G., Kirkwood, T., O’Neill, D., Ferrucci, L., Kritchevsky, S. B., & Vellas, B. (2012).
Population ageing and health. Lancet (London, England), 379(9823), 1295–1296.
https://doi.org/10.1016/S0140-6736(12)60519-4
Locker, D., Ford, J., & Leake, J. L. (1996). Incidence of and Risk Factors for Tooth Loss in a
Population of Older Canadians. Journal of Dental Research, 75(2), 783–789.
https://doi.org/10.1177/00220345960750020801
Locker, D., & Leake, J. L. (1993). Coronal and Root Decay Experience in Older Adults in Ontario,
Canada. Journal of Public Health Dentistry, 53(3), 158–164.
https://doi.org/10.1111/j.1752-7325.1993.tb02695.x
87

Locker, D., Slade, G., & Murray, H. (1998). Epidemiology of periodontal disease among older
adults: a review. Periodontology 2000, 16(1), 16–33. https://doi.org/10.1111/j.16000757.1998.tb00113.x
López, R., Smith, P. C., Göstemeyer, G., & Schwendicke, F. (2017). Ageing, dental caries and
periodontal diseases. Journal of Clinical Periodontology, 44(Supp. 18), S145–S152.
https://doi.org/10.1111/jcpe.12683
Lowsky, D. J., Olshansky, S. J., Bhattacharya, J., & Goldman, D. P. (2014). Heterogeneity in
Healthy Aging. The Journals of Gerontology Series A: Biological Sciences and Medical
Sciences, 69(6), 640–649. https://doi.org/10.1093/gerona/glt162
Mahoney, F. I., & Barthel, D. W. (1965). Functional Evaluation: The Barthel Index. Maryland
State Medical Journal, 14, 61–65. Retrieved from http://ci.nii.ac.jp/naid/10004343264/
Markle-Reid, M., & Browne, G. (2003). Conceptualizations of frailty in relation to older adults.
Journal of Advanced Nursing, 44(1), 58–68. https://doi.org/10.1046/j.13652648.2003.02767.x
Marmot, M., & Bell, R. (2012). Fair society, healthy lives. Public Health, 126, S4–S10.
https://doi.org/10.1016/j.puhe.2012.05.014
Mendoza-Núñez, V. M., Martínez-Maldonado, M. de la L., & Vivaldo-Martínez, M. (2016).
What Is the Onset Age of Human Aging and Old Age? International Journal of
Gerontology, 10(1), 56. https://doi.org/10.1016/j.ijge.2015.06.004
Miller, W., & Chan, C. (2013). Barthel Index (BI) | SCIRE Project. Retrieved April 21, 2016, from
Spinal Cord Injury Research Evidence website: https://www.scireproject.com/outcomemeasures-new/barthel-index-bi#
Mitnitski, A. B., Mogilner, A. J., MacKnight, C., & Rockwood, K. (2002). The mortality rate as a
function of accumulated deficits in a frailty index. Mechanisms of Ageing and
Development, 123(11), 1457–1460. https://doi.org/10.1016/S0047-6374(02)00082-9
Mitnitski, A. B., Mogilner, A. J., & Rockwood, K. (2001). Accumulation of Deficits as a Proxy
Measure of Aging. The Scientific World Journal, 1, 323–336.
https://doi.org/10.1100/tsw.2001.58
Mitnitski, A. B., Song, X., Skoog, I., Broe, G. A., Cox, J. L., Grunfeld, E., & Rockwood, K. (2005).
Relative fitness and frailty of elderly men and women in developed countries and their
relationship with mortality. Journal of the American Geriatrics Society, 53(12), 2184–
2189. https://doi.org/10.1111/j.1532-5415.2005.00506.x
88

Monaghan, N. P., & Morgan, M. Z. (2015). What proportion of dental care in care homes could
be met by direct access to dental therapists or dental hygienists? British Dental Journal,
219(11), 531–534. https://doi.org/10.1038/sj.bdj.2015.919
Moody, D., Lyndon, H., & Stevens, G. (2017). Toolkit for general practice for supporting older
people living with frailty - update to 2014 document. Retrieved from
https://www.england.nhs.uk/wp-content/uploads/2017/03/toolkit-general-practicefrailty-1.pdf
Müller, F., Shimazaki, Y., Kahabuka, F., & Schimmel, M. (2017). Oral health for an ageing
population: the importance of a natural dentition in older adults. International Dental
Journal, 67(1), 7–13. https://doi.org/10.1111/idj.12329
Murphy, M., & Di Cesare, M. (2012). Use of an age-period-cohort model to reveal the impact
of cigarette smoking on trends in twentieth-century adult cohort mortality in England
and Wales. Population Studies, 66(3), 259–277.
https://doi.org/10.1080/00324728.2012.678881
National Institute for Health and Care Excellence. (2012). Health inequalities and population
health. Retrieved April 19, 2016, from NICE Guidelines [LGB4] website:
https://www.nice.org.uk/guidance/lgb4/resources/health-inequalities-and-populationhealth-1681147764421
National Institute for Health and Care Excellence. (2013). Falls in older people: assessing risk
and prevention. Retrieved April 22, 2016, from NICE Guidelines [CG161] website:
https://www.nice.org.uk/guidance/cg161/chapter/introduction
National Institute for Health and Care Excellence. (2016). Multimorbidity: clinical assessment
and management. Retrieved August 30, 2019, from NICE guidelines [NG56] website:
https://www.nice.org.uk/guidance/ng56/resources/multimorbidity-clinical-assessmentand-management-pdf-1837516654789
Neugarten, B. L., & Neugarten, D. A. (1996). The Meanings of Age: Selected Papers (D. A.
Neugarten, Ed.). Chicago: University of Chicago Press.
NHS Employers and British Medical Association’s General Practice Committee (GPC). (2017).
2017/18 General Medical Services (GMS) contract. Retrieved September 1, 2019, from
NHS Employers website: www.nhsemployers.org/GMS201718

89

NHS England. (2014a). “How to” Guide: The BCF Technical Toolkit Section 1: Population
Segmentation, Risk Stratification and Information Governance. Retrieved from
https://www.england.nhs.uk/wp-content/uploads/2014/09/1-seg-strat.pdf
NHS England. (2014b). Safe, compassionate care for frail older people using an integrated care
pathway. Retrieved from https://www.england.nhs.uk/wpcontent/uploads/2014/02/safe-comp-care.pdf
Nield-Gehrig, J. S., & Willmann, D. E. (2007). Foundations of Periodontics for the Dental
Hygienist (Fourth, Vol. 8). Philadelphia: Wolters Kluwer Health.
Nitschke, I., Muller, F., & Hopfenmuller, W. (2001). The uptake of dental services by elderly
Germans. Gerodontology, 18(2), 114–120. https://doi.org/10.1111/j.17412358.2001.00114.x
O’Hanlon, S. (2016). The importance of assessment in caring for older people with cancer.
Older People, Cancer and Dementia: Current Issues & Innovations. Manchester, UK: The
Christie School of Oncology.
Office for National Statistics. (2011). National Population Projections: 2010-Based Statistical
Bulletin. Retrieved January 15, 2016, from Office for National Statistics website:
https://www.ons.gov.uk/peoplepopulationandcommunity/populationandmigration/pop
ulationprojections/bulletins/nationalpopulationprojections/2011-10-26#2010-basedprincipal-population-projections
Office for National Statistics. (2012). Population Ageing in the United Kingdom, its Constituent
Countries and the European Union. Retrieved November 9, 2015, from Office for
National Statistics website: http://www.ons.gov.uk/ons/dcp171776_258607.pdf
Office for National Statistics. (2013a). Adult Dental Health Survey, 1998. In UK Data Service.
https://doi.org/http://doi.org/10.5255/UKDA-SN-4226-2
Office for National Statistics. (2013b). Family size in 2012. Retrieved from
http://webarchive.nationalarchives.gov.uk/20160105160709/http://www.ons.gov.uk/on
s/rel/family-demography/family-size/2012/family-size-rpt.html
Office for National Statistics. (2013c). What does the 2011 Census tell us about the “oldest
old” living in England & Wales?
Office for National Statistics. (2014). Mortality Statistics: Deaths Registered in England and
Wales (Series DR). Office for National Statistics. Retrieved from

90

http://www.ons.gov.uk/ons/rel/vsob1/mortality-statistics--deaths-registered-in-englandand-wales--series-dr-/2013/index.html
Office for National Statistics. (2015a). Life Expectancy at Birth and at Age 65 by Local Areas in
England and Wales. Retrieved from
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/life
expectancies/bulletins/lifeexpectancyatbirthandatage65bylocalareasinenglandandwales/
2015-11-04#local-area-life-expectancy-at-birth
Office for National Statistics. (2015b). National Life Tables, United Kingdom, 2012–2014.
Retrieved from http://www.ons.gov.uk/ons/rel/lifetables/national-life-tables/20122014/stb-life-tables-2012-2014.html#tab-Surviving-to-older-ages
Office for National Statistics. (2015c). Overview of the UK Population. Retrieved February 16,
2016, from Office for National Statistics: The National Archives website:
http://www.ons.gov.uk/ons/rel/pop-estimate/population-estimates-for-uk--englandand-wales--scotland-and-northern-ireland/mid-2014/sty---overview-of-the-ukpopulation.html
Office for National Statistics. (2015d). Population Estimates for UK, England and Wales,
Scotland and Northern Ireland, Mid-2014. Retrieved February 16, 2016, from Office for
National Statistics: The National Archives website:
http://webarchive.nationalarchives.gov.uk/20160105160709/http://www.ons.gov.uk/on
s/rel/pop-estimate/population-estimates-for-uk--england-and-wales--scotland-andnorthern-ireland/mid-2014/sty-ageing-of-the-uk-population.html
Office for National Statistics. (2016). Mid-year Population Estimates - explorable datasets.
Retrieved February 27, 2017, from Office for National Statistics website:
https://www.ons.gov.uk/peoplepopulationandcommunity/populationandmigration/pop
ulationestimates/datasets/midyearpopulationestimatesexplorabledatasets
Ogle, K. S., Swanson, G. M., Woods, N., & Azzouz, F. (2000). Cancer and comorbidity. Cancer,
88(3), 653–663. https://doi.org/10.1002/(SICI)1097-0142(20000201)88:3<653::AIDCNCR24>3.0.CO;2-1
Oliver, D. (2008). The British Geriatrics Society at 60. Retrieved April 24, 2016, from British
Society of Gerontology website: https://www.britishgerontology.org/DB/gr-issues-2007to-present/generations-review/the-british-geriatrics-society-at-60

91

Oliver, D. (2016). Ageing and Frailty: “Game-changers” for our Health & Care Services?
Manchester Institute for Collaborative Research on Ageing (MICRA) Annual Lecture.
Retrieved from http://hummedia.manchester.ac.uk/institutes/micra/Events2016/Micra
Lecture David Oliver Final Edit.pdf
Olshansky, S. J. (2015). Demography-impact of an expanding elderly population. In P. HolmPedersen, A. W. Walls, & J. A. Ship (Eds.), Textbook of Geriatric Dentistry (3rd ed., pp. 1–
4). Wiley-Blackwell.
Page, R. C., & Eke, P. I. (2007). Case Definitions for Use in Population-Based Surveillance of
Periodontitis. Journal of Periodontology, 78(Suppl 1), 1387–1399.
https://doi.org/10.1902/jop.2007.060264
Paredes-Rodríguez, V.-M., Torrijos-Gómez, G., González-Serrano, J., López-Pintor-Muñoz, R.M., López-Bermejo, M.-Á., & Hernández-Vallejo, G. (2016). Quality of life and oral health
in elderly. Journal of Clinical and Experimental Dentistry, 8(5), e590–e596.
https://doi.org/10.4317/jced.53317
Paulander, J., Axelsson, P., Lindhe, J., & Wennström, J. L. (2004). Intra-oral pattern of tooth
and periodontal bone loss between the age of 50 and 60 years. A longitudinal
prospective study. Acta Odontologica Scandinavica, 62(4), 214–222.
https://doi.org/10.1080/00016350410001630
Petersen, P. E. (2003). 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 Dentistry and Oral Epidemiology, 31(Suppl 1), 3–24.
https://doi.org/10.1046/j..2003.com122.x
Petersen, P. E., Baez, R. J., & World Health Organization. (2013). Oral health surveys: basic
methods (5th ed.). Retrieved from http://www.icd.org/content/publications/WHO-OralHealth-Surveys-Basic-Methods-5th-Edition-2013.pdf
Podsiadlo, D., & Richardson, S. (1991). The Timed “Up & Go”: A Test of Basic Functional
Mobility for Frail Elderly Persons. Journal of the American Geriatrics Society, 39(2), 142–
148. https://doi.org/10.1111/j.1532-5415.1991.tb01616.x
Polson, J., & Croy, S. (2015). Differentiating dementia, delirium and depression. Nursing Times,
111(16), 18–19. Retrieved from https://www.nursingtimes.net/roles/mental-healthnurses/differentiating-dementia-delirium-and-depression-13-04-2015/

92

Potter, J., George, J., & Guideline Development Group. (2006). The prevention, diagnosis and
management of delirium in older people: concise guidelines. Clinical Medicine, 6(3), 303–
308. https://doi.org/10.7861/clinmedicine.6-3-303
Power, M., Quinn, K., & Schmidt, S. (2005). Development of the WHOQOL-Old Module.
Quality of Life Research, 14(10), 2197–2214. https://doi.org/10.1007/s11136-005-7380-9
Pretty, I. A., Ellwood, R. P., Lo, E. C. M., MacEntee, M. I., Müller, F., Rooney, E., Murray
Thomson, W., Van der Putten, G.-J., Ghezzi, E. M., Walls, A., & Wolff, M. S. (2014). The
Seattle Care Pathway for securing oral health in older patients. Gerodontology, 31(Suppl
1), 77–87. https://doi.org/10.1111/ger.12098
Public Health England. (2014). Delivering better oral health: an evidence-based toolkit for
prevention. Retrieved from
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/36756
3/DBOHv32014OCTMainDocument_3.pdf
Public Health England. (2015). What is Known About the Oral Health of Older People in
England and Wales: A review of oral health surveys of older people. Retrieved from
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/48975
6/What_is_known_about_the_oral_health_of_older_people.pdf
Public Health England. (2018a). Commissioning better oral health for vulnerable older people:
An evidence-informed toolkit for local authorities. Retrieved from
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachme
nt_data/file/738722/CBOH_VOP_V16_Final_WO_links.pdf
Public Health England. (2018b). Evidence review for an evidence-informed toolkit for local
authorities: Commissioning better oral health for vulnerable older people. Retrieved from
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachme
nt_data/file/738724/CBOH_VOP_Evidence_review_Final.pdf
Public Health England. (2018c). Salford: Local Authority Health Profile 2018. Retrieved August
30, 2019, from Public Health England Fingertips Tool website:
https://fingertips.phe.org.uk/profile/health-profiles/
Ravindrarajah, R., Lee, D. M., Pye, S. R., Gielen, E., Boonen, S., Vanderschueren, D., Pendleton,
N., Finn, J. D., Tajar, A., O’Connell, M. D. L., Rockwood, K., Bartfai, G., Casanueva, F. F.,
Forti, G., Giwercman, A., Han, T. S., Huhtaniemi, I. T., … O’Neill, T. W. (2013). The ability
of three different models of frailty to predict all-cause mortality: Results from the
93

European Male Aging Study (EMAS). Archives of Gerontology and Geriatrics, 57(3), 360–
368. https://doi.org/10.1016/j.archger.2013.06.010
Ridda, I., MacIntyre, C. R., Lindley, R. I., & Tan, T. C. (2010). Difficulties in recruiting older
people in clinical trials: An examination of barriers and solutions. Vaccine, 28(4), 901–
906. https://doi.org/10.1016/j.vaccine.2009.10.081
Ridge, J. A., Mehra, R., Lango, M. N., & Feigenberg, S. (2016). Head and Neck Tumors.
Retrieved June 2, 2017, from Cancer Network, Home of the Journal Oncology website:
http://www.cancernetwork.com/cancer-management/head-and-neck-tumors
Rockwood, K. (2005). What would make a definition of frailty successful? Age and Ageing,
34(5), 432–434. https://doi.org/10.1093/ageing/afi146
Rockwood, K., & Mitnitski, A. (2011). Frailty Defined by Deficit Accumulation and Geriatric
Medicine Defined by Frailty. Clinics in Geriatric Medicine, 27(1), 17–26.
https://doi.org/10.1016/j.cger.2010.08.008
Rockwood, K., Song, X., MacKnight, C., Bergman, H., Hogan, D. B., McDowell, I., & Mitnitski, A.
(2005). A global clinical measure of fitness and frailty in elderly people. Canadian Medical
Association Journal, 173(5), 489–495. https://doi.org/10.1503/cmaj.050051
Rolfson, D. B., Majumdar, S. R., Tsuyuki, R. T., Tahir, A., & Rockwood, K. (2006). Validity and
reliability of the Edmonton Frail Scale. Age and Ageing, 35(5), 526–529.
https://doi.org/10.1093/ageing/afl041
Rothman, M. D., Leo-Summers, L., & Gill, T. M. (2008). Prognostic Significance of Potential
Frailty Criteria. Journal of the American Geriatrics Society, 56(12), 2211–2216.
https://doi.org/10.1111/j.1532-5415.2008.02008.x
Saotome, Y., Tada, A., Hanada, N., Yoshihara, A., Uematsu, H., Miyazaki, H., & Senpuku, H.
(2006). Relationship of cariogenic bacteria levels with periodontal status and root surface
caries in elderly Japanese. Gerodontology, 23(4), 219–225.
https://doi.org/10.1111/j.1741-2358.2006.00127.x
Sarita, P. T. N., Witter, D. J., Kreulen, C. M., Van’t Hof, M. A., & Creugers, N. H. J. (2003).
Chewing ability of subjects with shortened dental arches. Community Dentistry and Oral
Epidemiology, 31(5), 328–334. https://doi.org/10.1034/j.1600-0528.2003.t01-1-00011.x
Shah, S., Vanclay, F., & Cooper, B. (1989). Improving the sensitivity of the Barthel Index for
stroke rehabilitation. Journal of Clinical Epidemiology, 42(8), 703–709.
https://doi.org/10.1016/0895-4356(89)90065-6
94

Sheiham, A., Steele, J. G., Marcenes, W., Tsakos, G., Finch, S., & Walls, A. W. G. (2001).
Prevalence of impacts of dental and oral disorders and their effects on eating among
older people; a national survey in Great Britain. Community Dentistry and Oral
Epidemiology, 29(3), 195–203. https://doi.org/10.1034/j.1600-0528.2001.290305.x
Ship, J. A. (2015). Salivary function and disorders in the older adult. In P. Holm-Pedersen, A. W.
Walls, & J. A. Ship (Eds.), Textbook of Geriatric Dentistry (3rd ed., pp. 245–253). John
Wiley & Sons, Ltd.
Ship, J. A., & Baum, B. J. (1990). Is reduced salivary flow normal in old people? The Lancet,
336(8729), 1507. https://doi.org/10.1016/0140-6736(90)93212-8
Ship, J. A., Pillemer, S. R., & Baum, B. J. (2002). Xerostomia and the Geriatric Patient. Journal of
the American Geriatrics Society, 50(3), 535–543. https://doi.org/10.1046/j.15325415.2002.50123.x
Singh, K. A., & Brennan, D. S. (2012). Chewing disability in older adults attributable to tooth
loss and other oral conditions. Gerodontology, 29(2), 106–110.
https://doi.org/10.1111/j.1741-2358.2010.00412.x
Skolnick, A. H., & Alexander, K. P. (2015). Older Adults in Clinical Research and Drug
Development. Circulation: Cardiovascular Quality and Outcomes, 8(6), 631–633.
https://doi.org/10.1161/CIRCOUTCOMES.115.002158
Slade, G. D. (1997). Derivation and validation of a short-form oral health impact profile.
Community Dentistry and Oral Epidemiology, 25(4), 284–290.
https://doi.org/10.1111/j.1600-0528.1997.tb00941.x
Slade, G. D., Gansky, S. A., & Spencer, A. J. (1997). Two-year incidence of tooth loss among
South Australians aged 60+ years. Community Dentistry and Oral Epidemiology, 25(6),
429–437. https://doi.org/10.1111/j.1600-0528.1997.tb01734.x
Slade, G. D., & Spencer, A. J. (1994). Development and evaluation of the Oral Health Impact
Profile. Community Dental Health, 11(1), 3–11. Retrieved from
http://www.ncbi.nlm.nih.gov/pubmed/8193981
Slade, G. D., & Spencer, A. J. (1997). Distribution of coronal and root caries experience among
persons aged 60+ in South Australia. Australian Dental Journal, 42(3), 178–184.
https://doi.org/10.1111/j.1834-7819.1997.tb00118.x
Sourial, N., Bergman, H., Karunananthan, S., Wolfson, C., Guralnik, J., Payette, H., GutierrezRobledo, L., Deeg, D. J. H., Fletcher, J. D., Puts, M. T. E., Zhu, B., & Béland, F. (2012).
95

Contribution of frailty markers in explaining differences among individuals in five samples
of older persons. The Journals of Gerontology: Series A, 67(11), 1197–1204.
https://doi.org/10.1093/gerona/gls084
Spiers, N., Jagger, C., Clarke, M., & Arthur, A. (2003). Are gender differences in the relationship
between self-rated health and mortality enduring? Results from three birth cohorts in
Melton Mowbray, United Kingdom. The Gerontologist, 43(3), 406–411.
https://doi.org/10.1093/geront/43.3.406
Srinivas, P. (2012). Giants of Geriatrics - Current Issues and Challenges. 1st World Congress on
Healthy Ageing. Retrieved from
http://www.healthyageingcongress.com/slides/19/S5_PSrinivas.pdf
Steele, J., Rooney, E., Clarke, J., & Wilson, T. (2009). An independent review of NHS dental
services in England. Retrieved from
https://webarchive.nationalarchives.gov.uk/+/dh.gov.uk/en/Publicationsandstatistics/Pu
blications/PublicationsPolicyAndGuidance/DH_101137?IdcService=GET_FILE&dID=19821
9&Rendition=Web
Stenman, U., Ahlqwist, M., Björkelund, C., & Hakeberg, M. (2012). Oral health-related quality
of life - associations with oral health and conditions in Swedish 70-year-old individuals.
Gerodontology, 29(2), e440–e446. https://doi.org/10.1111/j.1741-2358.2011.00495.x
Sternberg, S. A., Wershof Schwartz, A., Karunananthan, S., Bergman, H., & Mark Clarfield, A.
(2011). The identification of frailty: a systematic literature review. Journal of the
American Geriatrics Society, 59(11), 2129–2138. https://doi.org/10.1111/j.15325415.2011.03597.x
Steverink, N., Slaets, J., Schuurmans, H., & Lis, M. Van. (2001). Measuring frailty: development
and testing of the Groningen Frailty Indicator (GFI). Poster Presentation at the 54th
Annual Scientific Meeting of The Gerontological Society of America (GSA), November 1518, 2001, Vol. 41, pp. 236–237. Chicago, Illinois: The Gerontologist.
The Health and Social Care Information Centre. (2010). Adult Dental Health Survey 2009 - FIrst
Release. Retrieved from
https://files.digital.nhs.uk/publicationimport/pub01xxx/pub01061/adul-dent-heal-survfirs-rele-2009-rep.pdf
Theou, Olga, Brothers, T. D., Mitnitski, A., & Rockwood, K. (2013). Operationalization of Frailty
Using Eight Commonly Used Scales and Comparison of Their Ability to Predict All-Cause
96

Mortality. Journal of the American Geriatrics Society, 61(9), 1537–1551.
https://doi.org/10.1111/jgs.12420
Theou, Olga, Brothers, T. D., Peña, F. G., Mitnitski, A., & Rockwood, K. (2014). Identifying
Common Characteristics of Frailty Across Seven Scales. Journal of the American Geriatrics
Society, 62(5), 901–906. https://doi.org/10.1111/jgs.12773
Theou, Olga, Cann, L., Blodgett, J., Wallace, L. M. K., Brothers, T. D., & Rockwood, K. (2015).
Modifications to the frailty phenotype criteria: Systematic review of the current literature
and investigation of 262 frailty phenotypes in the Survey of Health, Ageing, and
Retirement in Europe. Ageing Research Reviews, 21, 78–94.
https://doi.org/10.1016/j.arr.2015.04.001
Theou, Olga, & Rockwood, K. (2015). Comparison and Clinical Applications of the Frailty
Phenotype and Frailty Index Approaches. In O. Theou & K. Rockwood (Eds.), Frailty in
Aging: Biological, Clinical and Social Implications (pp. 74–84).
https://doi.org/10.1159/000381166
Thomson, W. M. (2004). Dental caries experience in older people over time: what can the
large cohort studies tell us? British Dental Journal, 196(2), 89–92.
https://doi.org/10.1038/sj.bdj.4810900
Thomson, W. M. (2014). Epidemiology of oral health conditions in older people.
Gerodontology, 31, 9–16. https://doi.org/10.1111/ger.12085
Thomson, W. M., Chalmers, J. M., Spencer, A. J., & Williams, S. M. (1999). The Xerostomia
Inventory: a multi-item approach to measuring dry mouth. Community Dental Health,
16(1), 12–17. Retrieved from http://www.ncbi.nlm.nih.gov/pubmed/10697349
Tocchi, C., Dixon, J., Naylor, M., Jeon, S., & McCorkle, R. (2014). Development of a Frailty
Measure for Older Adults: The Frailty Index for Elders. Journal of Nursing Measurement,
22(2), 223–240. https://doi.org/10.1891/1061-3749.22.2.223
Tonetti, M. S., Bottenberg, P., Conrads, G., Eickholz, P., Heasman, P., Huysmans, M.-C., López,
R., Madianos, P., Müller, F., Needleman, I., Nyvad, B., Preshaw, P. M., Pretty, I., Renvert,
S., Schwendicke, F., Trombelli, L., van der Putten, G.-J., … Paris, S. (2017). Dental caries
and periodontal diseases in the ageing population: call to action to protect and enhance
oral health and well-being as an essential component of healthy ageing - Consensus
report of group 4 of the joint EFP/ORCA workshop on the boundaries be. Journal of
Clinical Periodontology, 44, S135–S144. https://doi.org/10.1111/jcpe.12681
97

Turner, M. D., & Ship, J. A. (2007). Dry mouth and its effects on the oral health of elderly
people. The Journal of the American Dental Association, 138(3), S15–S20.
https://doi.org/10.14219/jada.archive.2007.0358
United Nations Department of Economic and Social Affairs. (2013). World Population Ageing
2013. Retrieved from
http://www.un.org/en/development/desa/population/publications/pdf/ageing/WorldPo
pulationAgeing2013.pdf
van der Putten, G.-J., de Baat, C., De Visschere, L., & Schols, J. (2014). Poor oral health, a
potential new geriatric syndrome. Gerodontology, 31, 17–24.
https://doi.org/10.1111/ger.12086
van Leeuwen, K. M., van Loon, M. S., van Nes, F. A., Bosmans, J. E., de Vet, H. C. W., Ket, J. C.
F., Widdershoven, G. A. M., & Ostelo, R. W. J. G. (2019). What does quality of life mean to
older adults? A thematic synthesis. PLOS ONE, 14(3), e213-263.
https://doi.org/10.1371/journal.pone.0213263
Vaupel, J. W., Manton, K. G., & Stallard, E. (1979). The Impact of Heterogeneity in Individual
Frailty on the Dynamics of Mortality. Demography, 16(3), 439–454.
https://doi.org/10.2307/2061224
Vestjens, L., Cramm, J. M., & Nieboer, A. P. (2018). An integrated primary care approach for
frail community-dwelling older persons: a step forward in improving the quality of care.
BMC Health Services Research, 18(1), 28. https://doi.org/10.1186/s12913-017-2827-6
Villa, A., Polimeni, A., Strohmenger, L., Cicciù, D., Gherlone, E., & Abati, S. (2011). Dental
patients’ self-reports of xerostomia and associated risk factors. The Journal of the
American Dental Association, 142(7), 811–816.
https://doi.org/10.14219/jada.archive.2011.0269
Wait, S., & Harding, E. (2006). The state of ageing and health in Europe. Retrieved from
https://ilcuk.org.uk/wp-content/uploads/2018/10/StateOfAgeingAndHealthInEurope.pdf
Walls, A. W. G., & Steele, J. G. (2004). The relationship between oral health and nutrition in
older people. Mechanisms of Ageing and Development, 125(12), 853–857.
https://doi.org/10.1016/j.mad.2004.07.011
Warren, J. J., Watkins, C. A., Cowen, H. J., Hand, J. S., Levy, S. M., & Kuthy, R. A. (2002). Tooth
loss in the very old: 13-15-year incidence among elderly Iowans. Community Dentistry

98

and Oral Epidemiology, 30(1), 29–37. https://doi.org/10.1034/j.16000528.2002.300105.x
Watt, R. G., Steele, J. G., Treasure, E. T., White, D. A., Pitts, N. B., & Murray, J. J. (2013). Adult
Dental Health Survey 2009: implications of findings for clinical practice and oral health
policy. British Dental Journal, 214(2), 71–75. https://doi.org/10.1038/sj.bdj.2013.50
Weintraub, J. A., & Burt, B. A. (1985). Oral health status in the United States: tooth loss and
edentulism. Journal of Dental Education, 49(6), 368–378. Retrieved from
http://www.ncbi.nlm.nih.gov/pubmed/3891805
White, D., Pitts, N., Steele, J., Sadler, K., & Chadwick, B. (2011). 2: Disease and related
disorders – a report from the Adult Dental Health Survey 2009. Retrieved from The Health
and Social Care Information Centre website:
https://files.digital.nhs.uk/publicationimport/pub01xxx/pub01086/adul-dent-heal-survsumm-them-the2-2009-rep4.pdf
White, D., Tsakos, G., Pitts, N., Fuller, E., Douglas, G., Murray, J., & Steele, J. (2012). Adult
Dental Health Survey 2009: common oral health conditions and their impact on the
population. British Dental Journal, 213(11), 567–572.
https://doi.org/10.1038/sj.bdj.2012.1088
WHOQOL Group. (1995). Field Trial WHOQOL-100: The 100 Questions with Response Scales.
Retrieved from https://www.who.int/mental_health/who_qol_field_trial_1995.pdf
WHOQOL Group. (1996). WHOQOL-BREF Introduction, Administration, Scoring and Generic
Verision of the Assessment. Retrieved from
http://www.who.int/mental_health/media/en/76.pdf
Williamson, J. (1992). The Challenge of Geriatric Medicine. Ageing and Society, 12(3), 409–
410. https://doi.org/10.1017/S0144686X00005213
Wilson, D., Lowe, D., Hoffman, A., Rudd, A., & Wagg, A. (2008). Urinary incontinence in stroke:
results from the UK National Sentinel Audits of Stroke 1998-2004. Age and Ageing, 37(5),
542–546. https://doi.org/10.1093/ageing/afn134
Witter, D. J., Haan, A. F. J., Käyser, A. F., & Rossum, G. M. J. M. (1994a). A 6-year follow-up
study of oral function in shortened dental arches. Part I: Occlusal stability. Journal of Oral
Rehabilitation, 21(2), 113–125. https://doi.org/10.1111/j.1365-2842.1994.tb01131.x
Witter, D. J., Haan, A. F. J., Käyser, A. F., & Rossum, G. M. J. M. (1994b). A 6-year follow-up
study of oral function in shortened dental arches. Part II: Craniomandibular dysfunction
99

and oral comfort. Journal of Oral Rehabilitation, 21(4), 353–366.
https://doi.org/10.1111/j.1365-2842.1994.tb01150.x
Witter, D. J., Palenstein Helderman, W. H., Creugers, N. H. J., & Käyser, A. F. (1998). The
shortened dental arch concept and its implications for oral health care. Community
Dentistry and Oral Epidemiology, 27(4), 249–258. https://doi.org/10.1111/j.16000528.1998.tb02018.x
World Health Organization. (1992). Recent advances in oral health: report of a WHO Expert
Committee [meeting held in Geneva from 3 to 9 December 1991]. In WHO Technical
Report Series (Vol. 826). Geneva.
World Health Organization. (2014). WHO | WHO Disability Assessment Schedule 2.0
(WHODAS 2.0). Retrieved April 20, 2016, from World Health Organization Classifications
website: http://www.who.int/classifications/icf/more_whodas/en/
World Health Organization. (2015). World Report of Ageing and Health. Retrieved from
https://www.who.int/ageing/publications/world-report-2015/en/
World Health Organization. (2016). Ageing and life-course. Fact file: Misconceptions on ageing
and health. Retrieved February 25, 2016, from World Health Organization website:
http://www.who.int/ageing/features/misconceptions/en/
Yeoman, I. (2012). 2050 Tomorrow’s Tourism (Author, Ed.). Bristol, United Kingdom: Channel
View Publications.
Yong, V., Saito, Y., & Chan, A. (2010). Changes in the prevalence of mobility limitations and
mobile life expectancy of older adults in Singapore, 1995-2005. Journal of Aging and
Health, 22(1), 120–140. https://doi.org/10.1177/0898264309351932

100

NHS dental service utilisation and social deprivation in
older adults in North West England

101

[blank page]

102

Foundation and Summary of Chapter 2
With more and more older adults predicted to require the use of dental care services,
there was a need to quantify what the current rates of dental service utilisation in
order to explore what they may look like for future service provision. As outlined in the
literature review in Chapter 1, health inequalities are apparent in dental services but
the extent to which this affects older adults is not well-documented in the UK.
Furthermore, research on dental service utilisation often relies on large, periodic
surveys or measures of self-reporting – both of which present limitations of use.
Therefore, the use of authentic shelf-data would provide an accurate overview.
The North West (NW) of England covers a diverse demographic, including social
deprivation, and as the local geography would be at the focus of this research it
seemed an appropriate area to explore the dental experience in older adults. This
study uses data submitted by NHS dental providers to the Business Service Authority.
This dataset details treatment provided to older adults and in terms of age and sociodeprivation levels and reports the patterns in treatment activity over a 15-month
period.
In its infancy, the abstract was submitted and accepted to The European Organisation
for Caries Research in Athens and was presented in the form of a poster and a 3minute presentation in the ‘Epidemiology’ session. The content was then re-visited
and prepared as a research paper which, by including findings of Chapter 1, moved
from a narrative piece to becoming more instrumental in hypothesis-generation.
This chapter was formatted for, and published in, the British Dental Journal (McKenzie,
Goodwin, & Pretty, 2017).
Author’s contributions:
This section was written by KMcK and was reviewed with contributions by IAP and
MG.
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Abstract
Objective: To explore NHS dental service utilisation (attendance and treatment
activity) of older adults.
Design: Retrospective analysis of dental treatment claim forms (FP17s) over a 15month period.
Population: A total of 690,433 older adults in North West England.
Results: NHS dental care attendance decreased with increasing age; 49% in 65–74
years, 39% in 75–84 years and 23% in the over 85 years age group. Across all older age
stratifications, the more deprived patients had a higher rate of examinations,
extractions, dentures and preventative advice compared to the least deprived
patients. However, the relationship was opposite for the rate of fillings and complex
restorative treatment; the rate was higher for the least deprived older adult patients.
Conclusions: Despite 95% of older adults living in the community, the number of older
adults accessing NHS dental care in this data set is thought-provoking. Additionally,
there is a complex relationship between the type of treatment provided and the
patient's IMD level. The authors acknowledge the major limitations of this dataset;
affluent people are more likely to access private dental care and the availability of NHS
dental services is likely to vary across different regions. However, the use of 'big data'
is necessary to provide a pragmatic approach for future research in the management
of older adults in general dental services.
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Introduction
The population aged over 65 is becoming a larger proportion of the UK’s total
population. The main driver for population ageing is improved mortality at all ages, but
particularly at older ages, due to improved overall living conditions, nutrition, smoking
habits and better health care and technological advances (Dunnell, 2008). Over the last
30 years the percentage of the population aged 65 and over increased from 15% in
1985, to 17% in 2010 (Office for National Statistics, 2012) and to 20.1% in mid-2015
(Office for National Statistics, 2016c), with this 5% increase representing 2.6 million
people in this age group. By 2035 it is predicted that 23% of the population will be over
65, with the fastest population increase in those over 85 years old, referred to as the
‘oldest old’(Office for National Statistics, 2011, 2012). This demographic change
continues, but not uniformly, across all parts of the UK. In rural coastal areas there is a
higher percentage of older adults with lower levels found in urbanised areas (Bayliss,
Sly, & Office for National Statistics, 2010). Figure 2.1 uses raw figures from the two
most recent censuses to depict this trend in older age groups in the North West of
England, a geography that encompasses a wide range of regional differences (Office
for National Statistics, 2016b).

Proportion of population (%)

Figure 2.1 Proportion of the older population in North West of England using figures
from 2010 census compared to 2015 census
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Although the North West population is living longer, it continues to experience a lower
life expectancy compared to the national average; 76.0 for males, 80.4 for females
versus 77.7 and 87.8 years respectively (Association of Public Health Observatories,
2009). Although living longer should be commended and enjoyed, the health and wellbeing of the expanding older population is becoming an increasing challenge and
priority to public services (Department of Health, 2001). Ageing is not necessarily
synonymous with ill-health and dependency, but it cannot be ignored that as people
age they are more likely to live with complex comorbidities and disability (Oliver, Foot,
& Humphries, 2014; The Royal College of Surgeons of England, 2012). Based on 2009
National Indicators, 25.0% of over-65s in the North West rated themselves ‘not in good
health’, significantly worse than the England’s average of 21.5% (Association of Public
Health Observatories, 2009; Public Health England, 2016). Despite this, most people
over 65 live with a long-term condition and most people over 75 live with three or
more (James Banks, Barnes, Blane, et al., 2008; Barnett, Mercer, Norbury, et al., 2012).
With the natural population growth being smaller than previous years due to falling
fertility rates (Office for National Statistics, 2016a), there is an increasing proportion of
older people requiring a greater amount of health care service with relatively fewer
working-age people (aged 16–64 for men, 16–59 for women) to support them (Bayliss,
Sly, & Office for National Statistics, 2010). There has been a shift in health care
provision by commissioners to focus towards prevention and long-term care (Naylor,
Imison, Addicott, et al., 2015) and this has also been recognised in dentistry (Public
Health England, 2014). However, unlike younger cohorts, evidence- based
management of older adults is limited in a general dental practice setting.
The ageing dentition presents its own complexities and those individuals with natural
teeth can often present with pain and infection, whereas their edentulous peers are
often free of oral pain or discomfort. Dental and public health professionals have been
successful in improving the oral health of the population, so much so that the
prevalence of edentulousness is now 6% vs. 28% nearly 40 years ago (Fuller, Steele,
Watt, et al., 2011). However, dental care providers are now faced with a preventative
paradox; there are more older patients, with more teeth, with a wider range of clinical
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issues complicated by risks association with long-term conditions and effects of polypharmacy (Public Health England, 2015).
It is also important to recognise the impact of setting as uptake of NHS dental care and
access becomes increasingly problematic with increasing age (Public Health England,
2015), especially the frail elderly (British Dental Association, 2015). Previous work on
older adults has mainly concentrated on those living in institutionalised care; a readily
accessible population for research. However, fewer than 5% of all older adults live in
such settings (Aldridge, Kenway, & Pannell, 2012; Tinker, Askham, Hancock, et al.,
2001) and the burden of disease is experienced by community-dwelling elders, often
living independently or cared for by relatives (Public Health England, 2015).
The rationale for this research is as follows:
-

Dental caries (root and coronal) is still the leading cause of tooth loss in older
adults and studies have confirmed that older adults are a caries-active
population, similar to that of younger age groups (Griffin, Griffin, Swann, et al.,
2004; Locker & Leake, 1993; Thomson, 2004; White, Pitts, Steele, et al., 2011)
with around one new carious lesion per year.

-

With increasing natural tooth retention there is a need for a more strategically
preventative long-term approach to combat the difficulties, faced by both the
practitioner and patient, in the management of the failing dentition (British
Dental Association, 2003), in particular of the ‘heavy metal generation’ (Hellyer,
2011).

-

A potential burden to dental services is developing due to combination of an
ageing population, increased risk of dental disease and limited evidence-based
guidelines; all of which are further complicated by increased patient
expectations (Borreani, Jones, Scambler, et al., 2010).

-

Predicting the future for oral health in the ageing population has been well
described (British Dental Association, 2003; Public Health England, 2015),
however, to plan NHS dental services for this cohort, it is prudent to consider
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the potentially varying needs of the distinct age groups that form the ageing
population.
-

Since there is a well-established link between poor oral health and
socioeconomic deprivation (British Dental Association, 2009) more information
is needed on the impact of these dental health inequalities in older
adults. Traditional measures of deprivation, for example based on postcode,
may not apply to older adults who may live in affluent areas but are on low
incomes due to loss of earning and reliance on pension schemes.

This paper will be used to inform future research study regarding population ageing in
dentistry, identifying and understanding both the risk factors related to this public
health issue and to explore preventative strategies.
Aims
1) To develop an understanding of NHS dental service utilisation (demand and
treatment activity) in older adults in North West of England.
2) To determine patterns of dental treatment undertaken in older adults across the
socio-economic levels and age ranges from NHS dental practices in the North West of
England.
Methods
Data from NHS dental practices in North West of England (Greater Manchester,
Lancashire and Merseyside) was imported to Microsoft Excel from the NHS Business
Service Authority (BSA). The dataset provides the number of treatment claim forms
(FP17s) submitted by General Dental Practitioners in a 15-month period, April 2014 to
June 2015. The number of FP17s were analysed in relation to patient’s age and the
level of deprivation, measured by the Index of Multiple Deprivation (IMD). IMD ranks
areas in England from most to least deprived (1 to 10) based on 7 different domains
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and split into equal groups, allowing for comparisons between deciles (Department for
Communities and Local Government, 2015).
Dental service demand was measured by the attendance for NHS dental care. This was
calculated as a proportion of those who attended a NHS dentist from the NHS BSA
data over the total population in the same geographical area from the most recent
census (Office for National Statistics, 2016c). Demand met by the independent sector
is not accounted for by this BSA dataset.
Dental treatment activity (type of treatment and frequency) was analysed by the
‘rate’, which is a straight calculation per 100 FP17s i.e. how often a certain treatment
appears on all courses of treatment.
Since the NHS BSA data uses raw figures, the reporting was limited to descriptive
statistics. Older adults in this paper were considered as those over 65 years of age and
divided into older age bands; 65-74, 76-84 and 85 and over. For dental service demand
the next younger age group, 55-64 years, were also incorporated for comparative
context.
Results
There were 690,433 older adults in the NHS BSA data set and their age groups were
stratified into: 65-74, 75-84 and 85 years and older. Table 2.1 shows the dental
attendance rates for each older age group (including the 55-64 age group) in the 15month period, from April 2014 to June 2015.
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Table 2.1 Proportion of the older population in North West of England accessing NHS
dental care from April 2015-June 2015
Age group, years

Dental attendance rate

55-64

51%

65-74

49%

75-84

39%

85 and over

23%

The results show that the dental service demand in the NHS decreases with increasing
age; in the 55-64 years age group the dental care attendance was 51% compared to
23% in the 85 years and over age group.
When analysing the raw numbers, there were more treatment claim forms (FP17s)
submitted for the most deprived patients compared to the least deprived across all
age stratifications as shown in Table 2.2.
Table 2.2 Total number of treatment claim forms submitted (FP17s) across each older
age group in North West England
Total number of FP17s submitted
IMD Decile Rank

65-74yrs

75-84yrs

85yrs and over

1 (most deprived)

65,400

28,723

5,533

2

44,246

19,143

4,125

3

41,246

19,003

4,219

4

41,392

18,657

3,620

5

41,005

19,202

3,977

6

41,620

20,043

4,267

7

49,845

23,030

4,442

8

48,129

22,521

4,498

9

46,526

22,781

4,785

10 (least deprived)

27,624

14,507

3,172
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The dataset provided more detail into the different types of treatment provided across
the deprivation levels for each older age group. The extraction rate and upper acrylic
denture rate for older adults are shown in Figure 2.2.
Figure 2.2 The rate per 100 FP17s of extractions and upper acrylic dentures in the
older population
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It is evident that the rate of both treatments, per 100 FP17s, decreased the lower the
IMD decile level for each older age group. The overall average difference in the rate of
extractions was 1.5 times greater in the highest decile compared to the lowest decile.
For the rate of acrylic dentures, the overall difference was 3.4 times greater. The
highest number of upper acrylic dentures were given to the most deprived adults aged
85 and over, at a rate of 11.9 per 100 FP17s. Data regarding fluoride varnish
application also follows a similar pattern for all older age groups albeit it within small
denominations. The rate of fluoride varnish for the most deprived decile was 2.7, 2.8
and 2.9 per 100 FP17s for 65-74 years, 75-84 years and 85 and over, respectively,
compared to 1.9, 1.8 and 2.3 for those in the least deprived decile.
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However, for more complex restorative treatments, such as permanent fillings,
endodontics, crown and bridgework, the rate was higher in those least deprived
compared to most deprived. Figure 2.3 depicts the rate of permanent fillings per 100
FP17 between the older age groups.
Figure 2.3 The rate per 100 FP17s of permanent fillings in the older age groups
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There is a gradual overall increase rate of fillings with a decrease in IMD level. The
largest disparity between the social deprivation levels and treatment rate can be seen
in adults aged 85 and over; a fillings rate of 19.8 for the most deprived and 28.1 for the
least deprived; 1.4 times higher. The relationship between other restorative work and
IMD levels in older age groups are not as obvious due to their low frequency on FP17s
and therefore have not been included schematically.
Data regarding preventive advice provided to older adults within this data set are
presented in Figure 2.4.
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Figure 2.4 The rate per 100 FP17s of best practice prevention advice given in the older
age groups
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The rate of best practice prevention was at the lowest in the most and least deprived
older adults, whilst following an undulating pattern in between. This relationship was
observed in each older age group. Overall, the average rate of best practice prevention
for older adults was 44.3 per 100 FP17s submitted in the 15-month time frame
investigated.
Discussion
The results showed a complex relationship between older age, deprivation and dental
service demand. Table 2.1 shows the NHS dental service demand in the North West of
England reduced with increasing older age. The authors acknowledge many of the
limitations in the application of this data. Firstly, the denominator used for the
percentage dental attendance rate (the overall older adult North West population)
was derived from population estimates from the Office for National Statistics’ census
(Office for National Statistics, 2016c) and the cross boundary flow between the
individuals and their dental practice is likely to limit the accuracy of this calculation.
Secondly, the decreasing dental attendance pattern cannot be extrapolated to the UK
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as a whole given how access and availability of NHS services is likely to vary from
region to region. Thirdly, the NHS BSA dataset does not account for the use of dental
services outside of the NHS. It must be acknowledged that more affluent people are
likely to access dental care privately. Currently older people do not automatically
receive free NHS dental treatment by virtue of age, only if they are on defined
benefits. The Adult Dental Health Survey has limited this information by geography
rather than older age groups so it would be useful to determine the proportion of
older adults that qualify for free NHS dental care and the impact this has on them
accessing it.
However, the dental attendance rate pattern is still thought provoking. With only 3.2%
of over 65 year olds in England residing in care homes (Office for National Statistics,
2014), why is there such a large proportion of community-dwelling older adults not
accessing general NHS dental care? With a growing number of people ‘ageing in place’
one could postulate that they are not being appropriately signposted or that oral care
is not seen as a priority. These data may support a theory that such individuals are not
in pain, or have no functional deficit – however, earlier work suggests that around 50%
of older adults complain of oral discomfort (Pretty, 2014). In surveys, such as one
conducted in a North London community (Lester, Ashley, & Gibbons, 1998), 52% of
frail older adults who participated in the study reported that they preferred to receive
dental care in their own homes and complained of inadequate transportation options
to dental providers. In such instances, an interdisciplinary and interprofessional
framework is required to ensure continuum of care.
Unsurprisingly, Gilbert et al. found that older adults with natural teeth were more
likely to seek dental care than edentulous elders and those with more teeth were
associated with more dental visits. Additionally, the likelihood of seeking dental care
increased four-fold if the older person was edentulous in one arch only or has at least
one tooth in each arch, compared with those with no natural teeth (Gilbert, Duncan,
Crandall, et al., 1994). However, with edentulism becoming a less common dental
characteristic over the last 20 years, as well as increasing patient expectation, the
relatively low uptake of NHS dental care still needs to be explored. Work with older
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adults suggests that they highly value access to a dentist, and this did not diminish
with age or carer status. The need to maintain food choices, being able to socialise and
have dignity in appearance were all rated highly important by participants in a recent
focus group (Brocklehurst, Mackay, Goldthorpe, et al., 2015). This asserted desire for
access, when compared to the actual figures in Table 2.1, suggests that there is a
barrier to care – rather than diminishing need.
Overall from this North West data, there is an interesting relationship between type of
treatment provided to the older adult patients and their respective IMD level. The
most deprived older adults showed an increased provision of NHS dental care with
regards to routine examinations, prevention, extractions and upper acrylic dentures.
However, for permanent fillings and more complex restorative treatment
(endodontics, bridges, crowns, inlays and veneers) the relationship appeared to be an
inverse one. The disparity between dental treatment types and IMD level cannot be
answered. For example, the rate of fluoride varnish application increases with
increasing age and is higher in those that are least deprived. For direct comparisons to
be made the different rates of edentulism across ages needs to be explored and how
these are likely to differ by deprivation status. Additionally, from a qualitative
perspective, the attitudes of the dentist and the health seeking behaviours of the
patients would need to be explored. Although this is a large dataset, this research is
exploratory and provides an interesting insight into the dilemma relating to “restore
versus extract” as treatment options for the older patient, for example restorability
decreasing with age and also concepts such as the Shortened Dental Arch (SDA)
(British Dental Association, 2013).
It is complex to compare the current data to earlier studies due to the focus on older
adults in residential care and the limitation of the current work is that the reasons for
the dental treatments cannot be assumed i.e. due to caries, trauma or periodontal
conditions (although the concept of ‘healthy survivors’ in periodontal disease may
suggest that the majority of disease is caries (Pretty, Ellwood, Lo, et al., 2014)).
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Furthermore, the accuracy by which the FP17s are correctly completed is unknown.
For example, the best practice prevention is a box on the treatment claim form that
should be ticked if the dentist has followed guidance as detailed in the evidence-based
toolkit by the Department of Health, ‘Delivering Better Oral Heath’ (Public Health
England, 2014). However, this toolkit is largely composed of specific guidelines for
children, with more general advice given for adults. Older adults, unlike children, are
heterogeneous in nature and a ‘one-size fits all’ approach will not be effective in
answering their dental health needs. Additionally, there are a multitude of caries risk
assessment tools for the younger population which, due to the differences in risk
factors, cannot be extrapolated to the older population. The complexities of research
within this group need to be explored so that tailored advice can be given. This idea is
harmonious with that of the British Dental Association who revisited their ‘Oral
Healthcare for Older People: 2020 Vision’ policy paper in 2012 (British Dental
Association, 2012).
Arguably, the most important discussion point is the arbitrary nature of the agethresholds used in this paper as to what is considered to be ‘old’, 65 years and above.
As a person ages, differing life trajectories drive a difference in health and wellbeing,
ranging from genetic differences, to socioeconomic and behavioural factors.
Categorising the older population in this way is rather one-dimensional as it
encompasses a wide range of people with varying needs. In Medicine, the concept of
frailty is influencing the way in which care to the older population is planned and
provided (Oliver, 2016). Chapter 1 demonstrates there is a plethora of frailty scales
and geriatric assessments, of which the items within these reflect the major categories
of impairments and barriers to ‘health’. Pretty et al. have suggested a pathway in
which this approach can be incorporated in dentistry to ensure effective prevention
and treatment of the older adult population (Pretty, Ellwood, Lo, et al., 2014).

Conclusion for Further Research
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Despite the described limitations of the cross-sectional data, they provide a picture of
health service provision within this important population. As with all large data sets it
is important to add detail and context so that the findings can be interpreted for policy
makers and stakeholders. Further research will therefore be required to achieve this;
by examining clinical records and decisions made by clinicians, with respect to older
patients. This is needed to explore the individual characteristics of this cohort to
determine the barriers and enablers of older adults’ use of dental services and the best
predictors of utilisation. Such work will cast further light on the complex interplay
between age, deprivation, access and the treatments and preventive regimes offered
to older adults in England.
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Foundation and Summary of Chapter 3

Chapter 1 reported on the two main oral conditions – periodontal disease and dental
caries, both of which in the early stages are reversible (by removal of risk factors) and
in the latter stages result in tooth loss. Chapter 2 demonstrated that treatment activity
in an attending older population was complex across age groups and deprivation
levels. Inferences to reasons for treatments (such as fillings and extractions) cannot be
confirmed therefore, further work is required to quantify the oral disease rates in a
similar attending population.
Therefore, analytical epidemiology will be used to identify putative risk factors
(collected from electronic patient databases) for dental caries and periodontal disease.
From the findings of Chapter 2, it is hypothesised that social inequalities may be
reflected in this data set.
This chapter was formatted for, and has been submitted to, Gerodontology Journal.
Author’s contributions:
This section was written by KMcK and was reviewed with contributions by IAP and
MG.
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Abstract
Objective: To investigate the oral health status of older attending population and
associated risk factors to caries and periodontal disease.
Design: Retrospective, multi-centre cohort epidemiological study.
Background: Quantifying the burden of oral diseases in the older adult UK population
has been limited to national surveys or those in residential care. With more and more
older adults ageing in place, further research needs to be focussed on independently
community-dwelling elders accessing primary dental care services.
Materials and method: Anonymised patient data were collected from 3 dental
practices in Greater Manchester for 300 regularly attending older adults (>65 years
old). The individual data from each appointment was collected via electronic patient
records retrospectively, ranging from initial to most recent visit.
Results: Nearly all (97.3%) patients were dentate. The median age was 71 years, 56%
female and 65% White British. 53.1% had periodontal disease and the prevalence was
significantly associated with number of medications, deprivation, smoking and
diabetes. Only 17.1% of the dentate patients were considered caries free (had no
active caries or received treatment due to caries) and medication was significantly
associated with caries experience, p<0.001.
Conclusion: Risk factors for caries and periodontal disease in this study affirm they are
multi-faceted diseases and inequalities still pervade in oral disease rates in regularly
attending older adults. This study adds authentic clinical insights into this relatively
unexplored older adult population and could potentially aid in treatment planning for
the GDP and more broadly contribute to health needs assessment of the population.
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Introduction
Population ageing is a well-recognised global demographic feature (United Nations
Department of Economic and Social Affairs, 2015). The number of older adults is
increasing and is expected to increase significantly over the next 30 years, particularly
in the United Kingdom (Office for National Statistics, 2017). In 2016, the proportion of
the population aged 65 and over was 18%, a 3.6% increase since 1976, and is projected
to reach 24.7% by 2046 (Office for National Statistics, 2017). Conversely, the
distribution of children (0 to 15 years) and working age population (16 to 64 years) is
predicted to decrease, mainly due to falling total fertility rates and increasing life
expectancy (Office for National Statistics, 2015, 2016, 2017). Improved lifestyle
changes and better health care provisions, especially in dentistry, has meant that
people are keeping their natural teeth longer resulting in an increased need to seek
regular dental care (Gilbert, Duncan, Crandall, et al., 1994; Public Health England,
2016).
In a recent report published by the Faculty of Dental Surgery at the Royal College of
Surgeons of England they stated:
“As the population grows and ages in the future the demands on dentistry will
increase, particularly as rising number of older people retain natural but heavily
restored teeth which require complex treatment, and it is essential that the oral health
profession is fully prepared for these changes” (The Faculty of Dental Surgery of the
Royal College of Surgeons, 2017).
With decreasing rates of edentulism, the previous demands of prosthodontics will be
replaced by the challenges of a more heavily restored dentition requiring complex
treatment (Fuller, Steele, Watt, et al., 2011; Public Health England, 2015), along with
managing patients increasing expectations (Borreani, Jones, Scambler, et al., 2010). It
is predicted that older adults will become the largest dental care consumer, therefore
it is imperative to understand and quantify the burden of oral disease within this
population so appropriate management and tailored treatment planning is in place
(British Dental Association, 2012).
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Dental caries and periodontal disease are the two main oral conditions posing a
significant threat to dentate older adults. Population-based studies and ‘big data’ can
help to better quantify and evaluate prevalence of oral disease in older adults as
opposed to smaller research studies with convenience sampling. In addition, older
adult research had typically focussed on root caries, however, coronal caries has been
shown to have a higher incidence and increment than root caries, which appears to be
largely a disease seen in residential care (Thomson, 2004). A review of several cohort
studies by Murray-Thomson confirmed that older adults are a caries-active population
demonstrating a mean increment of 1 surface per year (Thomson, 2014), with caries
experience predicted to increase (Baelum, Van Palenstein Helderman, Hugoson, et al.,
2007; Petersen & Yamamoto, 2005). This increment is similar to that seen in children, a
focus of much research and public health concern (Broadbent, Page, Thomson, et al.,
2013; Thomson, 2004). Conversely, the decennial Adult Dental Health Survey (ADHS)
conducted in the UK reported a reduction from 46% to 28% in the prevalence of
coronal caries in England, however, the smallest reduction was seen in older adults
(White, Pitts, Steele, et al., 2011). Regarding periodontal disease, the ADHS found that
45% of adults had pocket depths of 4mm or more and the prevalence was higher (60%)
in those who were aged 65 and over. A population based study in 1246 dentate older
British adults found that 43% had periodontal disease (sites with loss of attachment
>5.5mm), however the study was limited to white men and did not measure dental
caries experience (Ramsay, Whincup, Watt, et al., 2015). Whilst the aetiology of both
caries and periodontal disease remains the same as we age, different life-course
trajectories present an array of different risk factors influencing these conditions
(Pretty, 2014), the interplay of this remains relatively unexplored. For instance,
although behavioural factors were collected in the ADHS, other potential predictors of
disease, for example polypharmacy were not investigated.
Other available ‘big data’ can be studied, such as data submitted by NHS dental
practitioners to the Business Service Authority (the method by which dentists get
paid), to gain authentic insights to the clinical picture of older adults’ oral health and
dental treatment activity. However, one of the main limitations is that the reason for
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dental treatment activity cannot be assumed and therefore an accurate prevalence of
oral disease is unknown. Such data are also limited to those attending NHS dental
practices.
Currently, the evidence based recommendations for oral care in the UK are based on
studies that are not necessarily specific to older adults (Public Health England, 2014).
Much of the work in caries therapeutics has been undertaken on school aged children
– as they are an easy-to-access population for clinical studies. There is a dearth of
information available on adolescents, adults and older adults and where it exists it is
generally limited to ‘easier’ to reach populations such as those in residential care and
prisons.
There is a need for national public oral health programmes to address older adults as a
separate population due to their complex heterogeneity, compared to the relatively
homogeneity of younger children. A Cochrane review is currently ongoing to assess
preventative strategies to improve oral health in dependent older people
(Brocklehurst, Williams, Hoare, et al., 2016). While this will raise the profile of older
adults as an important research population, a report using data from the English
Housing Surveys states that 93% of older people live in mainstream housing (Aldridge,
Kenway, & Pannell, 2012). Similarly, a review of local and regional surveys in older
adults was carried out in which all but one survey focussed on those living in care
homes, relying on either a self-selecting sample or for information to be obtained via
service managers (Public Health England, 2015). With more and more older adults
ageing in place, further research needs to be focussed on independently communitydwelling elders accessing primary care services. Public Health England recently
produced a report on the oral health and dental service use of older people living in
supported housing (Public Health England, 2018) which has been used to compare
with, and generally confirm, the findings of the 2009 Adult Dental Health Survey.
It should also be noted that significant inequalities exist in both general and dental
health across the country and are affected by socio-economic factors (Steele & O’
Sullivan, 2011; The King’s Fund, 2015). Chapter 2 looked at the NHS dental service
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utilisation and social deprivation of older adults in the North West England (where
there are still significant disparities in health and overall deprivation compared to the
English average (New Economy, 2015) and suggested further work was required to
investigate the individual characteristics of the older adult attending population and
associated risk factors for oral disease (McKenzie, Goodwin, & Pretty, 2017). This
paper aims to describe the oral health status of a group of regularly-attending older
adults and analyse emerging risk factors for the two main dental conditions, dental
caries and periodontal disease.
Methods
Using data extracted from NHS Business Service Authority for Greater Manchester, in
2014-15, approximately 1 in 5 registered patients that attended the dental practices in
that period were 65 years and older, equating to approximately 111,000 patients.
Since this study was using real population data within this local authority, a sample size
prediction was carried out in order to anticipate the number of older adults needed to
assess oral disease prevalence and associated risk factors, using a sample size
calculation for a proportion (Schaeffer, Mendenhall, & Ott, 1990) . Since accurate
disease levels within this population are unknown, it was assumed that half of these
patients have dental caries, at 90% confidence level to yield the maximum smallest
sample size of n=270, as shown in Table 3.1.
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Table 3.1 Sample Size Calculation for Frequency in a Population
Population size (for finite population correction factor or fpc) (N)

111000

Hypothesised % frequency of outcome factor in the population (p)

50%+/-5

Confidence limits as % of 100 (absolute +/- %) (d)

5%

Sample Size(n) for Various Confidence Levels
Confidence Level (%)
Sample Size
95%
383
90%
270
This study was a retrospective, multi-centre cohort study. The study received
favourable opinion on 18/05/2016 by the North West – Liverpool Centre Research
Ethics Committee, REC reference: 16/NW/0424 and IRAS Project ID: 190688. The study
then received HRA approval on 24/06/2016 and study site management agreement
was secured.
The author (KMcK) visited 3 general dental practices in the Greater Manchester area
(Oldham, Salford and Rochdale) between September 2016 and February 2017. The
researcher had access to electronic patient record system and a list of regularly
attending older adults (65 years and over) which were filtered by a member of the
clinical team so that no patient identifiable information was captured. Therefore, no
consent was sought from patients due to the fully anonymous nature of data
collection.
The researcher examined all available data for each patient from the date their notes
began being recorded electronically up until their most recent visit. Data was collected
on a physical case report form (Appendix A). The following baseline demographics
were recorded: age, ethnicity, sex, index of multiple deprivation (IMD) decile, NHS
exemption status, most recent medical history, number of concomitant medications,
smoking status and alcohol intake. Many of these variables were dichotomised during
analysis – most notably IMD deciles and medications. Due to the spread of IMD deciles
in the data set, the study reported those who were at the most deprived decile as a
separate group to the rest of the deprivation levels, which made up the other group.
Polypharmacy in this dataset was measured by the concurrent use of 5 or more
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medications (Gnjidic, Hilmer, Blyth, et al., 2012; Miller-Keane & O’Toole, 2003). The
following dental characteristics were recorded: number of teeth, denture status
(upper/lower, partial/full, metal/acrylic), periodontal diagnosis, other periodontal
conditions, tooth wear, other oral conditions, number of decayed teeth (at last visit),
number of restorations and extractions due to caries, caries risk category (decided by
the GDP) and the associated preventative advice given (no advice, diet advice and
topical fluoride application). DMFT was recorded for each patient as per WHO
guidelines (including third molars) and another DMFT score was calculated that did not
include teeth that were recorded as being affected by tooth wear.
Data Analysis
All data analysis was carried out using SPSS version 23.0 for Macintosh (IBM Corp.,
2015). Baseline characteristics were summarised using standard descriptive statistics
such as mean, standard deviation, median, interquartile range and percentage for
reporting frequency. Where outcome data were missing no imputation was
undertaken and patients were included for all analyses for which their data was
available.
Periodontal disease in this dataset was based upon the last available periodontal
disease diagnosis made by the general dental practitioners. Due to the variance in the
wording, the periodontal disease status of each patient was dichotomised as follows: 0
= no periodontal diagnosis or gingivitis, 1= localised periodontal pocketing or
periodontitis diagnosis (any severity).
Caries prevalence in this dataset was defined as ‘recent caries experience’ which was
the number of decayed teeth (D component) at most recent visit in addition to the
number of teeth restored and extracted due to caries for the period their notes were
available electronically. Caries factors and prevalence was explored using descriptive
statistics and thus the mean and standard deviation was reported.
Pearson-Chi Square tests of Independence and non-parametric tests (Mann-Whitney
U) were used to explore associations between potential risk factors with periodontal
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disease diagnosis and caries prevalence with asymptotic significance (2-tailed)
displayed throughout. These associations then informed a logistic regression model
containing known risk factors for both periodontal disease and caries. Since the recent
caries experience is count data (number of teeth affected), rather than ordinal data, a
Poisson regression was run using expected risk factors (Chau, Lo, Wong, et al., 2018).
The independent effect of additional risk factors were then explored and quantified by
addition/subtraction into the statistical model.
Results
300 electronic patient notes were collected; 100 from each dental practice. The period
of retrospective data collection ranged from when the patient first attended the
practice or from when their notes first began being recorded on the practice computer
system (whichever was first available) to their last dental visit (at the time of data
collection). This ranged from the from 21 days to 14.3 years (mean = 6.45 years, 3.43
SD), and all data within that time was collected for each patient. From the 300
individuals, 8 participants were edentulous and therefore not included in final study
population. Table 3.1 presents the baseline demographics of the remaining 292
patients; 164 females and 128 males. Figure 3.1 shows the age distribution of the
study population, ranging from 65 to 91 years of age; the median age was 71 years (10
IQR) and the mode age was 65 years (11% of the study population).
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Figure 3.1 Frequency distribution of age within study population
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Table 3.2 summarises the prevalence of basic demographics and clinical characteristics
for the study population. Two-thirds of the patients considered themselves White
British and 61% of the patients were not exempt from paying NHS fees. The IMD decile
rank was unobtainable for 15 patients, and for those that were available, the mean
IMD decile rank was 3.5 (2.7 SD) and the median IMD decile was 2 (5 IQR). Due to the
spread of the IMD decile ranks within this dataset, IMD was evaluated in dichotomous
terms, most deprived, n=145 (IMD decile 1 or 2) vs less deprived, n=132 (IMD 3 to 10).
The majority of the study population reported being a non-smoker, 66.8%, and having
no alcohol intake, 68.2%.
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Table 3.2 Summary of baseline demographics in the study population
Baseline Demographics
Age groups, years
- 65-74
- 75-84
- 85 and over
Sex
- Female
- Male
Ethnicity
- White British
- White Other
- Asian British Pakistani
- Asian British Bangladeshi
- Asian British
- Other
- Patient declined/not stated
IMD Decile Rank,
- Most deprived (decile 1 & 2)
- Less deprived (decile 3-10)
- Unknown
Exemption
- Not exempt
- NHS exempt (pension credit)
- NHS exempt (other)
Smoking
- No
- Current smoker
- Past smoker
- Unknown/not stated
Alcohol Use
- No
- Yes
- Unknown/not stated

Proportion of study population, %
(n=292)
64.7
30.1
5.1
56.2
43.8
65.4
18.5
8.6
0.3
5.1
0.7
1.4
49.7
45.2
5.1
61.0
33.2
5.8
66.8
15.1
17.8
0.3
68.2
25.7
6.2

Figure 3.2 displays the number of concomitant medications taken, ranging from 0
(n=33) to 16 (n=2). The mean number of medications taken was 4.93 (3.91 SD) and the
mode was 4 for 12.7% of the study population. There was a weak positive correlation
between age and number of medications, r=0.189, p=0.001, with a R2=0.0357.
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Figure 3.2 Frequency distribution of the number of medications taken within the study
population and age group categories
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Three of the most common medical conditions within this population are included in
Table 3.3 in addition to the number of current medications taken from the last dental
visit medical history list. There was a significant difference in the median number of
medications between those who were less deprived (Mdn=3, 4 IQR) and those who
were most deprived (Mdn=5, 7 IQR) U=7041, p<0.001. Polypharmacy was noted when
a patient was taking 5 or more medications; this occurred in nearly half of the study
population (45.9%) and was statistically associated with deprivation, p<0.001. The
prevalence of hypertension, diabetes and asthma were recorded in the study
population, 51.4%, 37% and 14.7% respectively, and hypertension and diabetes were
significantly associated with deprivation status, p=0.001.
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Table 3.3 Medications and medical conditions of the study population
Medical Characteristics

Less
deprived
(n=132)

Most
deprived
(n=145)

Study
population
(n=292)

3 (4)

5 (7)

4 (5)

31.1
39.4

54.5
59.3

45.9
51.4

15.438
10.964

0.000*
0.001*

Diabetes, %

25.8

44.8

37.0

10.941

0.001*

Asthma, %

11.4

18.6

14.7

2.829

0.093

Number of medications,
Median (IQR)
Polypharmacy (≥5
medications), %
Hypertension, %

a

Test
Statistica

P

7041.000b 0.000*

Pearson Chi-square unless otherwise stated, bMann-Whitney U test

*The significance level is p<0.05
The main dental characteristics for the dentate study population are highlighted in
Table 3.4. The median number of teeth was 20.0 (10 IQR), with a median DMFT score
of 18.5 (10 IQR), with only 4 patients had a DMFT score of 0. A different DMFT score
was calculated, which excluded teeth surfaces for which tooth-wear had been
recorded by the examiner, of which the median score was 16 (9 IQR). Neither DMFT
scores or number of teeth were associated with deprivation level.
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Table 3.4 Overview of the main dental characteristics of the study population
Dental Characteristics

Less
deprived
(n=132)

Most
deprived
(n=145)

Study
population
(n=292)

Test
Statistica

P

Number of teeth,
Median (IQR)
20.5 (8)
20.0 (11)
20.0 (10)
9180.000b
0.557
DMFT,
Median (IQR)
19 (8.75)
17 (14)
18.5 (10)
8379.500b
0.073
DMFT w/o tooth wear,
Median (IQR)
16 (7.75)
16 (13)
16 (9)
9098.000b
0.478
Upper Denture, %
2.094
0.351
- No
59.1
60.7
58.6
- Partial
36.4
31.0
34.9
- Full
4.5
8.3
6.5
Lower Denture, %
8.978c
0.011*
- No
83.3
70.3
75.0
- Partial
16.7
26.2
23.3
- Full
0.0
3.4
1.7
IQR, Interquartile Range
a
Pearson Chi-square unless otherwise stated, bMann-Whitney U test, cFisher Exact test
*The significance level is p<0.05
Table 3.4 also gives an insight into the distribution of denture-wearers and the type
within the population, over half (58.6%) of the patients did not have an upper denture
and three-quarters did not have a lower denture; and 51% of the patients had no
denture at all. Having a lower denture was significantly associated with deprivation,
c2(3) = 8.978, p=0.011. Overall, those who were most deprived had more dentures
compared to those who were less deprived, and there is weak evidence to support this
since the significance is close to cut-off point at p<0.05 (p=0.0570).
Periodontal Disease
Out of the total dentate study population (n=292), 53.1% had periodontal disease
compared to 46.9% who did not have periodontal disease. This prevalence did not vary
significantly across the age categories, 54.5% in 65-74 years, 51.1% in 75-84 years and
46.7% in those 85 years and over, p=0.739. Table 3.5 summarises some of the
characteristics for the study subjects with and without a periodontal disease diagnosis.
Some variables were dichotomised to make comparison between disease groups
easier and avoid data suppression problems in groups with small numbers; IMD (most
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deprived vs less deprived), smoking status (non-smoker vs present or past smoker) and
denture wearing (no denture worn vs previous or current denture wearer, either
partial/full or upper/lower).
Table 3.5 Related variables between those with and without periodontal disease
Variables
Age, Median (IQR)
No. of medications,
Median (IQR)
DMFT, Median (IQR)

No
Periodontal
Test
Periodontal
Disease
Statistica
Disease
72 (11)
71 (8)
10554.500b

P
0.780

4 (5)

5 (6)

8586.000b

0.005*

20 (10)

16 (10)

8819.000b

0.012*

Sex (%)
0.521
0.470
- Female
48.8
51.2
- Male
44.5
55.5
IMD^ (%)
7.728
0.005*
- Less deprived
55.3
44.7
- Most
38.6
61.4
deprived
Exemption (%)
7.623
0.006*
- Not NHS
53.4
46.6
exempt
- NHS exempt
36.8
63.2
(any)
Smoking status^ (%)
7.373
0.007*
- Non-smoker
52.3
47.7
- Smoker
35.4
64.6
(including
past-smokers
Polypharmacy (%)
12.245
0.000*
- No (<5 meds)
56.3
43.7
- Yes (≥5
43.7
64.2
meds)
Diabetes (%)
5.518
0.019*
- No
52.2
47.8
- Yes
38.0
62.0
Denture wearer (%)
1.427
0.232
- No
50.3
49.7
- Yes (any
43.4
56.6
type)
IQR, Interquartile Range. ^ Adjusted for missing cases
a
Chi-square test, unless otherwise indicated; bMann-Whitney U test
*The significance level is p<0.05; OR, Odds Ratio; CI, Confidence Interval

Univariate
OR
(95%, CI)

1.186
(0.7461.887)
1.966
(1.2183.175)
1.962
(1.2133.175)
2.000
(1.2083.310)
2.311
(1.4403.708)
1.783
(1.0982.894)
1.324
(0.8352.100)
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Age, gender and wearing a denture were not significantly associated with prevalence
of periodontal disease. 61.4% of the participants classed as most deprived (IMD decile
1 or 2) had periodontal disease compared to 43.7% of those classed as less deprived
(IMD decile 3 to 10), p=0.006, with similar differences seen in exemption and smoking
status, p=0.006 and p=0.007 respectively. There was a statistical difference in the
number of medications in those with (Mdn=5) and without (Mdn=4) periodontal
disease, U=8586.000, p=0.005 and thus, polypharmacy was seen more in those with
periodontal disease than those without, p<0.001. Furthermore, having diabetes was
significantly associated with periodontal disease, c2(2) = 5.518, p=0.019.
Table 3.6 summarises the logistic regression analysis conducted to predict periodontal
disease for the 292 dentate older adults using age, deprivation, smoking status,
medications and denture-wearing status as predictors. A test of the full model against
a constant-only model was statistically significant, (c2(5) = 33.3, p <0.001). Prediction
success overall was 65.6% (60.9% for no periodontal disease diagnosis and 69.6% for
periodontal disease diagnosis). The Wald criterion demonstrated that being most
deprived, smoking and polypharmacy made a significant contribution to prediction of
periodontal disease (p=0.026, 0.008, <0.001 respectively). The Hosmer & Lemeshow
test results (χ2(8)=10.595, p=0.226) indicate that the goodness of fit is satisfactory.
However, the Nagelkerke R2 value was 0.152, suggesting the model explains relatively
little (15%) of the variance in periodontal disease diagnosis. Therefore, although the
contribution of the three explanatory variables in the prediction of periodontal disease
is statistically significant, the effect size is small. The area under the receiver operating
characteristic curve (AUROC) for these data gave a value of 0.687 (95% CI (0.6250.749)) indicating the discrimination of the model is only fair.
Age and wearing a denture did not significantly contribute to the model as predictors
of periodontal disease (p=0.05, 0.312 respectively). Removing these from the model
did not greatly impact the result of the other predictors (most deprived, p=0.023;
smoking, 0.003; polypharmacy, 0.001), nor improved the explanatory power of the
model.
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Table 3.6 Logistic regression analysis of selected variables for periodontal disease
Variable

B (SE)

Multivariate OR, Exp(B)

P

(95%, CI)
Age

-0.043 (0.022)

0.958 (0.981-1.000)

0.050

IMD: Most deprived

0.594 (0.266)

1.811 (1.075-3.052)

0.026*

Smoker (current or past)

0.741 (0.281)

2.097 (1.210-3.637)

0.008*

Polypharmacy (≥5 meds)

0.983 (0.273)

2.672 (1.566-4.562)

0.000*

Denture wearer (any type)

0.265 (0.262)

1.303 (0.780-2.178)

0.312

*Result is significant at p<0.05; SE, Standard Error; OR, Odds Ratio; CI, Confidence
Interval
In accordance with the regression model in Table 3.6, Exp(B) value indicates the odds
of having periodontal disease is 1.8 times more likely in patients who are most
deprived, 2.1 times more likely in those that are currently/past smokers and 2.7 times
more likely in those taking 5 or more medications. To explore this relationship further,
polypharmacy as a variable was replaced with number of medications (holding other
variables constant); for each increase of 1 medication the odds of periodontal disease
was 1.106 times higher (B=0.101, Wald χ2(1)=8.510, p=0.004).
Diabetes was omitted from the model as there was a moderate correlation between
diabetes and the number of medications, r=-0.522, p<0.001, and so when it was
included in the model it reduced the effect that medication had on the odds of having
periodontal disease. Therefore, swapping the number of medications for diabetes
meant that being most deprived (0.009), smoking (0.001) and having diabetes (0.004)
were significant predictors of periodontal disease.
Caries
Table 3.7 outlines the dental caries characteristics in relation to the age groups within
the study population. The mean number of natural teeth were 21, 18 and 15
respectively in the 65-74, 75-84 and 85 years and over age groups, decreasing by
approximately 3 teeth for each increase in age group.
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Table 3.7 Dental caries characteristics within the age groups of the study population
Dental Caries
Characteristics

65-74 years,
(n=189)

75-84 years,
(n=88)

85+ years,
(n=15)

Total study
population,
(n=292)

Number of teeth,
21.34 (6.48) 18.17 (6.04) 15.73 (7.44)
20.1 (6.62)
Mean (S.D)
DMFT,
16.78 (7.33) 18.36 (6.54)
19.73 (4.74)
17.4 (7.0)
Mean (S.D)
DMFT adjusted w/o tooth
15.49 (6.95) 16.94 (6.11)
17.33 (4.44)
16.0 (6.6)
wear, Mean (S.D)
D component,
0.61 (1.61)
0.34 (0.83)
0.47 (0.83)
0.52 (1.39)
Mean (S.D)
M component,
7.77 (5.92)
10.61 (5.50)
12.47 (7.39)
8.87 (6.05)
Mean (S.D)
F component,
7.11 (4.67)
5.99 (4.65)
4.40 (5.34)
6.63 (4.74)
Mean (S.D)
Number of restorations
1.86 (1.81)
1.97 (1.75)
1.60 (1.50)
1.88 (1.77)
due to caries, Mean (S.D)
Number of extractions
0.58 (1.07)
0.78 (1.39)
1.93 (4.85)
0.71 (1.59)
due to caries, Mean (S.D)
Number of teeth with
recent caries experience,
3.05 (2.98)
3.09 (2.68)
4.00 (4.86)
3.11 (3.01)
Mean (S.D)
Annual caries increment^,
0.59 (0.84)
0.55 (0.54)
0.88 (0.98)
0.59 (0.77)
Mean (S.D)
^Adjusted for missing cases, n=13 (n=10, 1 and 2 respectively across the age groups)
The mean adjusted DMFT score (which does not include teeth that were affected by
tooth wear) was 16.0 and increased from 15.5 to 17.3 as the age groups increased.
When exploring the DMFT components, the D and F component scores decreased as
age increased, whereas the M component score increased with each age group from
7.7 to 10.6 to 12.5. To further explore the D component (teeth with untreated decay),
only 24.3% of study population had 1 or more teeth with caries with no statistical
difference (p=0.790) across the age categories, 25.4%, 21.6% and 26.7% respectively.
The mean number of teeth with restorations carried out due to caries during the
registration period was 1.88, with little variance throughout the age groups. The mean
number of teeth extracted due to caries was 0.71 and increased with age from 0.58 in
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the 65-74 years olds to 0.78 and 1.93 in the 75-84 and 85 and over age groups
(p=0.05). The penultimate row displays the mean number of teeth with recent caries
experience; this was defined as the number of restorations and extractions carried out
due to caries plus the number of decayed teeth (D component) over the period of data
collection (i.e. the length patient records had been computerised). The mean number
of teeth with recent caries experience was 3.05 in 65-74 age group, 3.09 in 75-84 age
group and 4.00 in 85+ age group (no significance between age groups, p=0.5). Annual
caries increment was calculated with the omission of patients within the study
population who had been registered at the practice for less than a year (n=13). The
mean annual caries increment was 0.59 in the dentate study population and was the
highest in the oldest age group, 0.88.
Figure 3.3 displays the relative proportion of individuals within each age group of the
study population versus the number of teeth that had recent caries experience. This
graph allows comparison between the age groups, despite only 15 patients in the 85+
years group.
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Proportion of patients within each age group, %

Figure 3.3 Relative proportion of patients within each age group with teeth affected by
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Overall, only 50 patients (17.1%) could be considered as caries free (i.e. had no teeth
with recent caries experience during the average data collection period) meaning
82.9% had at least one tooth with recent caries experience. Nearly a quarter of the
study population had 5 or more teeth with recent caries experience (highest at 27.3%
in the 75-84 years group), which ranged up to 22 teeth for one individual, however the
differences in recent caries experience across the age categories were not significant,
p=0.713. With regards to deprivation level, the mean number of teeth with recent
caries experience was higher in those who were most deprived, 3.34 (3.46 SD)
compared to those who were less deprived, 2.80 (2.27 SD), however this difference
was not statistically significant (p=0.121).
A Poisson regression was ran to predict the number of teeth with recent caries
experience within the study population based on age, IMD and number of
medications, as shown in Table 3.8. In this model, age and IMD status were not found
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to be a significant predictor for the number of teeth with recent caries experience.
However, for every increase in the number of medications taken, 1.072 (95%CI, 1.0551.089) times more teeth were affected by recent caries experience, a statistically
significant result, p<0.001. In other words, there is a 7% increase in the number of
teeth with recent caries experience for each medication taken.
Table 3.8 Poisson regression table of selected variables for recent caries experience
Variable

B (SE)

Age

-0.010 (0.0056)

OR, Exp(B)
(95%, CI)
0.990 (0.980-1.001)

No. of medications

0.069 (0.0083)

1.072 (1.055-1.089)

P
0.090
0.000*

IMD
- Less deprived
0a
1
- Most deprived
0.056 (0.0712)
1.058 (0.920-1.216)
0.429
a
Set to zero because this parameter is redundant
*Result is significant at p<0.05; SE, Standard Error; OR, Odds Ratio; CI, Confidence
Interval
Removing IMD from the model only slightly increased the exponentiated values of the
coefficients for number of medications, Exp(B) = 1.077 (95% CI, 1.060-1.093) p<0.001.
To explore the effect of medications further, a similar interpretation can be made for
when polypharmacy (categorical variable) was used as a predictor instead of number
of medications, holding all other variables (age and IMD) constant; the number of
teeth with recent caries experience was 1.91 (95% CI, 1.658-2.201) times more in
those taking 5 or more medications (polypharmacy) compared to those were taking
less than 5, p<0.001.
Discussion
These data can be used to evaluate the oral health status and emerging risk factors of
regularly attending older adult patients in Greater Manchester.
Oral Health Status
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The oral health status of the study population can be compared with existing regional
and national surveys. The number of natural teeth decreased across each age bracket
(65-74, 75-84 and 85 and over) from 21, 18 and 15 in the study population which
compares favourably to the findings from the 2009 Adult Dental Health Survey, 21, 17
and 14, respectively (Fuller, Steele, Watt, et al., 2011). Regarding edentulousness, 2.6%
of the study population had no natural teeth, with similar findings, 2.8%, in a study in
East London and the City (Marcenes, Muirhead, Wright, et al., 2012), whereas in the
ADHS 31% (15-47% across the older age brackets) of those 65 and over were
edentulous (Fuller, Steele, Watt, et al., 2011). A reasonable explanation for a smaller
rate of edentulism in the study population is that such patients are less likely to
regularly seek dental care, despite public health messages for denture wearers to
attend practice regularly for soft tissue screening.
In the study population the rate of DMFT (and DMFT rate adjusted without tooth
wear) in the dentate patients increased as the age category increased. The overall and
individual components of the adjusted DMFT seem more pertinent to caries
prevalence accuracy, but not so comparable to other study findings. Approximately a
quarter of the dentate study population had active decay with the highest proportion
in the 75-84 year category. This finding is surprising given the attending nature of the
population and may suggest that caries progression is rapid in this cohort. Although
this trend was seen in the 2009 ADHS the prevalence of untreated decay was much
higher with 27% in 65-74 years, 40% in 75-84 and 33% (an unreliable estimate) in 85
years and over. In the London survey, those over 85 years had the highest caries
prevalence compared to 65-74 and 75-84, at 35% (Marcenes, Muirhead, Wright, et al.,
2012). The mean number of teeth with active decay in those 65 and over was 0.52 in
the study population compared to 0.8 in the ADHS (White, Pitts, Steele, et al., 2011).
The differences in active decay is to be expected since the patients in the study are a
regular attending population and likely to have these teeth treated by their dentist.
The mean number of restorations in ADHS was 8.3, 6.9 and 6.0 (an unreliable
estimate) (Steele, Treasure, Fuller, et al., 2009) across the older age groups and in the
study population it followed the same decreasing pattern with increasing age but had
fewer number of teeth affected; 7.11, 5.99 and 4.40 respectively. In this study these D
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and F components were used to construct a definition for recent caries experience and
evaluated longitudinally to yield an annual caries increment which equated to an
average of 0.59 teeth being affected by caries per year registered at the practice, with
the highest rate seen in the oldest age group (0.88). The limitation to the
generalisability of this finding is that the patients had been attending the dental
practice for varying lengths of times and was therefore dependent on past dental
history during this time.
For periodontal disease, the comparison between study findings and existing regional
surveys of oral health was not entirely possible due to the variation in clinical
indicators. In previous surveys periodontal disease was measured using pocket depths,
loss of attachment, bleeding on probing, and tooth mobility usually by a calibrated
clinician. By contrast, periodontal disease in this study was determined by the general
dental practitioner. In the 2009 ADHS, 60% of dentate older adults aged 65-84 had at
least 1 tooth with pocket depth greater than 4mm, decreasing to 47% in those over 85
years (an unreliable estimate) (White, Pitts, Steele, et al., 2011). A similar trend was
seen in the East London study (Marcenes, Muirhead, Wright, et al., 2012), however in
the current study, just over half had periodontal disease and prevalence did not vary
across the different age categories. Furthermore, local periodontal pocketing was not
categorised as periodontal disease and, if included, may better reflect other study
findings. Despite these differences, it is clear the periodontal disease is still a pervasive
condition in older adults.
Risk Factors
This study found the number of medications or taking 5 or more medications
(polypharmacy) was the prominent risk factor in caries experience, after holding for
age and deprivation level. Two longitudinal studies in North Carolina (Graves, Beck,
Disney, et al., 1992) and South Australia (Thomson, Spencer, Slade, et al., 2002) had
respectively found antihistamines and long-term antiasthma drugs to be associated
with increased caries experience so our finding is perhaps not surprising, and it holds
theoretical merit (Thomson, Spencer, Slade, et al., 2002). There are increasing
numbers of older people taking multiple medications for long-term conditions. The
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most common side-effect of the 200 most-prescribed medications is dry mouth
(Gueiros, Soares, & Leão, 2009). Having a dry mouth increases the risk of dental caries
as the natural anti-caries properties of saliva are reduced. Some medications for longterm conditions may also contain sugar and would be a further source of increased
caries risk. This has been further corroborated in a recent study carried out in Cork,
Ireland, which found that xerostomia was a risk indicator for root caries in
independently living older adults (Hayes, Da Mata, Cole, et al., 2016). In our current
study, the inclusion of the presence of a denture was also incorporated in the caries
risk factor model due to the findings from a review, which found that the wearing of a
partial denture was the only common risk factor in the evaluated studies, again this
was for root caries only (Thomson, 2004). However, the presence of dentures was not
found to be a statistically significant predictor of recent caries experience nor influence
the other variables in this study. Furthermore, the number of teeth with recent caries
experience was not different in those with or without dentures.
Denture wearing is an important consideration to the dentist when treatment planning
in older adults (Razak, Richard, Thankachan, et al., 2014). Wearing a partial prosthesis
to replace some missing teeth can exacerbate periodontal disease due to inadequate
oral hygiene and food trapping around the denture and the remaining natural teeth
and gums. Hence, denture wearing was included in the final risk factor model for
periodontal disease. Data presented in Table 3.5, revealed being most deprived, NHS
exempt, having polypharmacy and having smoked each had a similar proportion (6164%) within periodontal disease. It could be postulated that these are all the same
patients, however this was accounted for in the regression table and when factors
were highly correlated they were omitted. For example, diabetes was correlated with
number of medications (since diabetes may be controlled by medication) and was
removed to ensure other variables were interacting independently. After controlling
for age, deprivation and denture wearing, the significant risk factors for periodontal
disease in this study population were: medication, diabetes and smoking. Diabetes and
smoking have a well-documented secular trend with periodontal disease (Lopez,
Mathers, Ezzati, et al., 2001).
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Social Deprivation
Both prevalence of caries and periodontal disease were driven by deprivation and
confirms that socio-economic positioning contributes to oral health inequalities
(Tsakos, Demakakos, Breeze, et al., 2011). Furthermore, the local authorities of the 3
different dental practices location: Salford, Rochdale and Oldham, have some of the
highest proportions of neighbourhoods that are classed as the most deprived 10% for
North West authorities according to 2015 figures (New Economy, 2015). To
corroborate this statistic, the indices of multiple deprivation (IMD) can be used to
compare the deprivation status of the patients in this study population (n=277) to
those of the Greater Manchester (GM) NHS Business Service Authority (BSA) data for
attending older adults in 2014-15 period (n=111,519). The spread in the GM
population was fairly even across each decile (ranging from 7% in the 10th decile, less
deprived, to 16% in the 8th decile). Whereas in the study population, 39% were in the
1st decile, most deprived, and only 1.1% were in the 10th decile. In the study population
if the patient was in 1st and 2nd decile of IMD then they were classified as most
deprived (42.4%) and those in 3rd-10th decile were classified as less deprived (57.6%).
Comparing these figures to the GM NHS BSA data population where only 18% were in
the most deprived category shows that this study population is not representative of
the wider population.
Limitations
A significant limitation of this study is that the population involved are an attending
population and could potentially underestimate the prevalence of oral disease in older
adults. Although NHS dental service utilisation decreases as older age increases
(McKenzie, Goodwin, & Pretty, 2017) the ADHS suggests those who don’t attend have
higher levels of disease (Morris, Chenery, Douglas, et al., 2011). Furthermore, the
participants and/or dental practices may not be representative of the general
population or North West population as the deprivation (IMD status) of the study
population was more deprived. This could affect the generalisability of findings twofold; firstly the exemption status could mean that exempt-patients were more likely to
use dental care services than those who pay for dental care, and secondly the oral
health status of the study population could be worse than average since poor oral
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health has been linked to lower socio-economic status (British Dental Association,
2009).
The second limitation is the potential discrepancy between the electronic patient
records and clinical findings. Unlike epidemiological studies and surveys where
screening tools are standardised and the clinicians are usually calibrated, the notes of
the GDP have to be interpreted with caution. For example, details regarding whether a
lesion was due to primary or secondary caries was not particularly evident. Similarly,
root caries prevalence could not be differentiated from coronal caries if, for example,
‘buccal cavity’ was recorded and therefore cannot assess the degree to which each
contributed to the overall observed increment. More notably, oral hygiene habits such
as plaque control was scarcely quantified which may have reduced explanatory power
to the risk factor models for both oral diseases.
Strengths
The study explored some of the risk factors that contribute to the prevalence of caries
and periodontal disease; affirming they are multi-faceted diseases and inequalities still
pervade in oral disease rates in regularly attending older adults. It is encouraging that
the risk factors are relatively modifiable and supports the evidence in ‘Delivering
Better Oral Health’ toolkit for controlling risk factors in periodontal disease and factors
contributing to patients ‘giving concern’ (Public Health England, 2014).
The risk factors identified may go some way to help review and categorise the older
adult patient when they attend a dental practice, to highlight those who may be ‘at
risk’ i.e. older adults that have complex medical histories, and ensuring tailored
preventative advice is given. For the practising clinician these factors would already be
recorded during a routine appointment as opposed to carrying out a separate
comprehensive and, potentially, time-consuming assessment. Despite the potential
irregularities between different GDP patient records, this study gains an authentic
insight to the actual clinical burden of oral health disease levels in the older adult
population.
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Overall, this study helps add detail to population data such as national surveys and
NHS BSA data by focussing on the older age categories 65-74, 75-84 and 85+ and
generates more data around older people’s oral health, as recommended by The
Faculty of Dental Surgery of The Royal College of Surgeons of England (The Faculty of
Dental Surgery of the Royal College of Surgeons, 2017).
Conclusion for Further Research
The effects of patients NHS exemption status and IMD levels will continue to be
explored in regards to oral health status and their treatment need and treatment
planning by the general dental practitioners. Due to the unobtrusive nature of the
study, reproducibility of these results should be sought across different geographies.
Ultimately, the information collected from those attending general dental practices
could inform part of a health needs assessment, particularly joint strategic needs
assessment and inform the local oral health improvement strategy. In addition, the
data can provide local, relevant intelligence to local authorities and NHS
commissioners about the populations they serve (Public Health England, 2017).
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Tooth loss patterns of an attending older adult
population in Greater Manchester: the clinical picture of
partial edentulism
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Foundation and Summary of Chapter 4
The review of the literature in Chapter 1 described simple measures in which the oral
health status was evaluated; including number of teeth and functional dentition, giving
an inference to levels of oral disease and subsequent treatment planning. Chapter 2
shows a complex relationship between treatment activity and deprivation levels across
the older adult population.
Chapter 3 demonstrated the attending older adult population in Greater Manchester
are a caries-active population and identified factors associated with oral disease. The
patterns of disease could be characterised through tooth-loss. Therefore, continuing
the oral health needs assessment of this population, these data can be used to provide
a clinical picture of how the oral disease process has affected the older dentition. Such
findings are useful in designing prosthesis and treatment planning concepts.
This chapter was formatted for, and is in the process of being submitted to,
Gerodontology Journal.
Author’s contributions:
This section was written by KMcK and was reviewed with contributions by IAP and
MG.
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Abstract
Background: Despite rates of total edentulism reducing, incremental or unplanned
tooth loss remains an issue in the older adult population, thereby causing complex
restorative and prosthodontic challenges. Currently, the number of functional teeth is
used to broadly categorise tooth loss and, beyond concepts such as Shortened Dental
Arch (SDA), there has been little research into the location and position of remaining
teeth. Quantifying different tooth loss patterns and exploring potentially associated
factors would be useful to help appropriately manage and treatment plan for the
partially edentate older patient.
Materials and methods: Anonymised patient data were collected from 300 regularly
attending older adults across 3 NHS dental practices in Greater Manchester, England.
Demographic information and dental charting from the most recent entry in patients’
electronic notes was recorded. The number of natural teeth, excluding retained roots
and third molars, was used to quantify individual tooth loss and presence of a
functional dentition (³20 teeth). Partially edentulous (PE) arches were categorised
using the Kennedy Classification. Favourable tooth loss was defined as those who were
fully dentate, Kennedy Class 1 in both arches, Kennedy Class 1 opposing a full dentate
arch, or had a shortened dental arch (SDA). Non-parametric analysis was used to
explore associations between tooth loss patterns and socio-demographic data.
Results: 148 (49%) patients had a functional dentition and this finding was significantly
associated with younger age (p<0.0001), being male (p=0.021), taking fewer
medications (p=0.019) and not NHS exempt (p=0.006), compared to those without a
functional dentition. 8 patients were fully edentulous, 13 were full dentate and 277
had PE in at least one arch. In both arches, the incidence of PE with Kennedy I was the
most common and the most prevalent combination was mandibular Kennedy I
opposing maxillary Kennedy I (51 patients). Out of the 292 dentate patients, 107
(36.6%) met the criteria as having favourable tooth loss, which was associated with
being a non-smoker, p=0.016, and not wearing a denture, p<0.001.
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Conclusion: The study adds insight to the types of dentitions in an older attending
population. The associated factors in those with a functional dentition were not
reflected in those considered as having favourable tooth loss. As such, further work is
needed to explore holistic factors that may predict patterns of tooth loss in older
adults to better help drive clinical interventions and preventive care and plan
resources to treat this group of patients in the future.
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Introduction
Edentulism, oral health ‘end state’ is an important indicator of population health and
performance of the current oral health care system. Factors associated with total
tooth loss have been well-documented and include socioeconomic factors, chronic
conditions, health-risk behaviours and other health-related factors (Patel, Kumar, &
Moss, 2013; Starr & Hall, 2010; Starr, Hall, Macintyre, et al., 2008; Yu, Lai, Cheung, et
al., 2011) as well as greater probability of decline in physical and cognitive function
(Tsakos, Watt, Rouxel, et al., 2015). In the 1998 Adults Dental Health Survey (ADHS)
13% of UK adults had total tooth loss and Steele et al. predicted that this proportion
would continue to fall over the succeeding three decades to 5% in 2018 and 4% of the
UK population in 2028 (Steele, Treasure, Pitts, et al., 2000). By 2009, the ADHS
reported proportion of edentulousness was already at 6% of all adults, suggesting that
the predicted reduction in edentulism will continue (Fuller, Steele, Watt, et al., 2011;
Steele, Treasure, O’Sullivan, et al., 2012). The largest difference in total tooth loss was
seen in the older adult age groups, between the 1998 and 2009 ADHS the proportion
of edentulism dropped from 34% to 15% in 65-74 years and 56% to 33% in 75 years
and over (Fuller, Steele, Watt, et al., 2011).
With increasing numbers of older adults keeping their natural teeth for longer there
are an increasing number of tooth surfaces that are susceptive to oral disease, for
example dental caries or periodontal attachment loss, which may ultimately result in
tooth being lost over a period of time - incremental tooth loss. A study in New Zealand
comparing two national surveys in 1976 and 2009 showed that despite a fall in
prevalence of edentulism that of incremental tooth loss did not change among older
adults (Thomson, 2012). Similar comparisons between the ADHS surveys cannot be
made but there have been a number of earlier cohort studies reporting incremental
tooth loss as an ongoing problem for older adults (De Marchi, Hilgert, Hugo, et al.,
2012; Drake, Hunt, & Koch, 1995; Gilbert, Miller, Duncan, et al., 1999; Locker, Ford, &
Leake, 1996; Paulander, Axelsson, Lindhe, et al., 2004; Slade, Gansky, & Spencer, 1997;
Warren, Watkins, Cowen, et al., 2002).
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So, how does this incremental tooth loss present? As a crude measure, oral health can
be evaluated by the number of remaining natural teeth or those with a functional
dentition (Petersen, Kjøller, Christensen, et al., 2004; World Health Organization,
1992). The WHO definition of a functional dentition, 20 natural teeth or more, has
previously been used to describe the state of oral health of older dentate populations
in the UK, Denmark, Sweden and Japan (Petersen, Kjøller, Christensen, et al., 2004;
Sheiham, Steele, Marcenes, et al., 1999; Shimazaki, Soh, Saito, et al., 2001;
Thorstensson & Johansson, 2010). However, this does not give an indication to the
location of remaining teeth and occlusal stability - factors wholly necessary for
treatment and management of the dentition. Incremental tooth loss is more difficult
to predict, and subsequently manage, than total tooth loss due to the heterogenous
nature of tooth loss with age and complex ongoing prosthodontic and restorative
challenges. As a result, a variety of dental arch tooth patterns are becoming more
frequent, with removable partial denture (RPD) design becoming more intricate in an
effort fill the gaps. Since its introduction in 1938, the Kennedy classification has been
the most widely used RPD classification in relation to the number and distribution of
edentulous areas present (Curtis, Curtis, Wagnild, et al., 1992; Miller, 1970).
Modification to the classification, such as Applegate’s criteria, have been used to
further describe the partially edentulous arch with regards to number of additional
edentulous areas (Applegate, 1965). A common partial edentulism scenario is the
shortened dental arch (SDA) which is a reduced dentition with missing posterior teeth,
‘high-risk teeth’, and intact anterior teeth (Käyser, 1989).
In order to anticipate the cyclic demands of RPD design due to the sequalae of
incremental tooth loss, the SDA concept has been suggested in the management of
older adults whilst still honouring the decreasing restorability and necessary
masticatory ability of the remaining teeth (Kanno & Carlsson, 2006; Korduner,
Söderfeldt, Kronström, et al., 2006; McKenna, Allen, O’Mahony, et al., 2014; Wolfart,
Marré, Wöstmann, et al., 2012). Furthermore, presence of anterior spaces has been
reported to have a more negative impact on oral health-related quality of life
(OHRQoL) compared to posterior spaces (Pallegedara & Ekanayake, 2008; Tsakos,
Steele, Marcenes, et al., 2006; Tsakos, Wagner, & Sheiham, 2004; Walter, Woronuk,
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Tan, et al., 2007). Despite this, RPD was found to be most popular prosthetic
restoration for the SDAs in general practice in the UK (Nassani, Devlin, Tarakji, et al.,
2010). Careful consideration of the patient’s oral hygiene and compliance is needed to
ensure they can care for their teeth and dentures, a factor which can be exacerbated
by age-related conditions.
Overall, the literature suggests that having either a functional dentition or SDA and not
requiring the use of prosthesis are the more favourable oral health outcomes.
However, information regarding the clinical picture of presence of remaining teeth has
scarcely been explored in UK older adults and there is no measure that combines the
number and position of missing teeth to enable analysis of the impact of tooth loss.
Therefore, the aims of this study were:
-

To describe the distribution of natural teeth and presence of a functional
dentition in an attending older adult population

-

To describe the distribution of partial edentulism according to Kennedy
Classification

-

To determine the levels of tooth loss and explore any demographic differences
between those with favourable and un-favourable tooth loss

Methods
This study was a retrospective, multi-centre cohort study. Data were collected from an
electronic patient record system of attending older adults (65 years and over) across 3
NHS dental practices in the Greater Manchester area (Oldham, Salford and Rochdale).
The researcher examined all available data for each patient from the date their
electronic notes began up until their most recent visit. Due to the anonymous nature
of the data, consent was not required from the patients and the study received ethical
approval from Liverpool Centre Research Committee (16/NW/0424). The full
methodology for this process is described within Chapter 3.
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The following baseline demographics were recorded and used in this data set: age,
ethnicity, sex, index of multiple deprivation (IMD) decile rank, NHS exemption status,
number of concomitant medications and smoking status. Many of these variables were
collapsed into fewer groups or dichotomised during analysis, such as ethnicity (White
British, White Other, Asian and Other), IMD rank (deciles 1-2 and 3-10), smoking status
(never smoker and past/current smoker) and NHS exemption status (exempt and not
exempt). The most recent dental charting for each patient was used to evaluate
presence or absence of teeth and denture status (maxilla/mandible, partial/full). The
number of natural teeth (excluding third molars and retained roots) were used to
classify each arch according to Kennedy’s Classification including Applegate’s
guidelines with regards to the number of modifications (Applegate, 1965). A functional
dentition was defined as those with 20 or more natural teeth as per WHO criteria
(World Health Organization, 1992). The presence of a Shortened Dental Arch (SDA)
was also noted if the patient had ten pairs of occluding anterior and premolar teeth
(Käyser, 1981, 1989).
All data analysis were carried out on SPSS for Macintosh 23.0 (IBM Corp., 2015).
Where outcome data were missing no imputation was undertaken and patients were
included for all analyses for which their data was available. Demographic
characteristics were summarised using standard descriptive statistics (frequency
reported as a percentage) and the differences in distribution between those with and
without a functional dentition were compared using Pearson-Chi Square, Fisher Exact
tests and non-parametric (Mann-Whitney U) testing. Non-parametric testing was also
used to evaluate the number of natural teeth between age categories and dental
arches (Jonckheere-Terpstra test for ordered alternatives and Mann-Whitney U test,
respectively). The distribution of denture status, Kennedy classifications and
modifications were analysed using Pearson-Chi Square tests. In this study, tooth loss
patterns were evaluated in terms of being ‘favourable’ and ‘unfavourable’. Patients
were considered as having favourable tooth loss if they had one of the following:
- Fully dentate, both arches
- Kennedy Class I both arches
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- Kennedy Class I arch opposing a fully dentate arch
- SDA (presence of 2nd premolar to the 2nd premolar in both arches)
Patients not meeting the above criteria were considered as having unfavourable tooth
loss. Pearson-Chi Square, Fisher Exact tests and non-parametric testing (MannWhitney U) were used to explore associations between socio-demographic data and
tooth loss patterns of the study population, asymptotic significance (2-tailed) were
displayed throughout.
Results
Demographics and Functional Dentition
300 patients were included in the study population and the distribution of age and
gender of the study population are shown in Table 4.1. Two-thirds of the study
population were 65-74 years, 30% were 75-84 years and 5% (15) of patients were aged
85 and over. There were forty more females than males and there was no statistical
difference observed between gender and age distribution in the study population,
c2=1.998, p=0.368.
Table 4.1 Age and gender distribution of the study population
Age group

Female

Male

Total N (%)

65-74

107 (62.9) 88 (67.7)

195 (65.0)

75-84

52 (30.6)

38 (29.2)

90 (30.0)

85 and over

11 (6.5)

4 (3.1)

15 (5.0)

Total

170 (56.7)

130 (43.3)

300 (100.0)

Table 4.2 shows the demographics of the study population in addition to the
distribution across those with, n=148, and without, n=152, a functional dentition (20 or
more natural teeth). The median age of the study population was 71 (10 IQR), and was
significantly higher in those with a functional dentition (74 years) compared to those
who did not have a functional dentition (69 years), U=7278.500, p<0.0001. Two-thirds
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of the patients considered themselves White British, a fifth considered themselves
White Other and a further 12% considered themselves Asian. Regarding deprivation
level, slightly more patients were classed as most deprived (53%) compared to those
less deprived (47%), additionally nearly 60% were not NHS Exempt. Both the
proportion of males and those who were not NHS exempt were significantly higher in
those with 20 or more natural teeth; c2=5.287, p=0.021 and c2=7.577, p=0.006,
respectively. Overall, the median number of medications was 4 (5 IQR) and was higher
in those without a functional dentition, 5 (6 IQR), compared to those with, 4 (6 IQR),
U=9491.000, p=0.019. Regarding smoking status, two-thirds of the study population
were non-smokers. Having a functional dentition was not significantly associated with
ethnicity, deprivation level or smoking status, p>0.05.
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Table 4.2 Demographics of the study population and comparison between those with
and without a functional dentition
Demographic variable

Functional Dentition
(³20 teeth)
No (n=152) Yes (n=148)

Study
population
(n=300)

Test
Statistica

P

Age, Median (IQR)
74 (10)
69 (8)
71 (10)
7278.500b <0.0001*
Age groups, years (%)
21.633
<0.0001*
- 65-74
80 (52.6)
115 (77.7)
195 (65.0)
- 75-84
60 (39.5)
30 (20.3)
90 (30.0)
- 85 and over
12 (7.9)
3 (2.0)
15 (5.0)
Sex (%)
5.287
0.021*
- Female
96 (63.2)
74 (50.0)
170 (56.7)
- Male
56 (36.8)
74 (50.0)
130 (43.3)
Ethnicity^, (%)
4.838c
0.182
- White British
103 (69.1)
90 (61.2)
193 (65.2)
- White Other
30 (20.1)
30 (20.4)
60 (20.3)
- Asian
16 (10.7)
25 (17.0)
41 (12.8)
- Other
0 (-)
2 (1.4)
2 (0.7)
IMD^ (%)
1.039
0.308
- Less deprived
62 (44.0)
72 (50.0)
134 (47.0)
- Most deprived
79 (56.0)
72 (50.0)
151 (53.0)
Exemption status (%)
7.577
0.006*
- Not Exempt
79 (52.0)
100 (67.6)
179 (59.7)
- NHS Exempt
73 (48.0)
48 (32.4)
121 (40.3)
(Any)
No. of medications,
5 (6)
4 (6)
4 (5)
9491.000b
0.019*
Median (IQR)
Smoking status^ (%)
0.389
0.533
- Non-smoker
100 (66.2)
103 (69.6)
203 (67.9)
- Smoker
51 (33.8)
45 (30.4)
96 (32.1)
(including
past-smokers)
^ Adjusted for 4 missing cases in Ethnicity, 15 missing in IMD, and 1 case in Smoking status
IQR, Interquartile Range
a
Pearson Chi-square unless otherwise stated, bMann-Whitney U test, cFisher Exact test
*The significance level is p<0.05
Functional teeth and tooth loss patterns
The median number of teeth in the study population was 20 (11 IQR) and excluding
third molars and retained roots the median number of natural teeth was 19 (8 IQR).
The median number of natural teeth across the age groups were 21 (8 IQR) in the 6574 years age group, 18 (9 IQR) in the 75-84 years age group and 15 (4 IQR) in the 85
years and over. A Jonckheere-Terpstra test showed that there was a statistically
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significant trend of lower median number of teeth with increasing age across the age
groups (from 65-74, 75-84 and 85 and over), TJT=7826.500, z=-4.265, p<0.001. The
mean number of teeth in the mandibular arch was 8.72 compared to 9.77 in the
maxillary arch. For both arches the median number of teeth was 10, however a Mann
Whitney U test revealed a statistically significantly difference, U=39305.500, p=0.007.
This is reflected in the denture-wearing status of the study population, as displayed in
Table 4.3, there are a higher proportion of dentures (partial or full) worn in the maxilla
(42.6%) compared to the mandible (26.7%). The distribution of denture type across the
maxillary and mandibular arch is statistically significant, c2=18.043, p<0.001.
Table 4.3 Frequency of denture-type in each arch
Arch Type

Denture Type
None

Partial

Full

Maxilla

172 (57.3)

103 (34.3)

25 (8.3)

Mandible

220 (73.3)

69 (23.0)

11 (3.7)

The proportion of missing natural teeth within the study population are displayed in
Table 4.4. The data included the third molars which were the most commonly absent
tooth, in approximately three-quarters of the patients. Regarding the rest of the
posterior region, the most frequently lost molar is the lower right first molar (62%)
then the lower left first molar (59%).
Table 4.4 Proportion of missing teeth in the study population
R

L

Maxilla 78%

Mandible

48%

47%

38%

42%

25%

32%

26%

25%

30%

21%

36%

43%

49%

54%

79%

8

7

6

5

4

3

2

1

1

2

3

4

5

6

7

8

74%

52%

62%

36%

20%

12%

16%

22%

22%

15%

33%

59%

48%

76%

9% 15%

The least frequently absent teeth were the lower canines (9-12%), followed by the
lower lateral incisors (15-16%) and the lower premolars (15-20%). Despite the anterior
teeth being the least frequently missing teeth, a Shortened Dental Arch (SDA), 2nd
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premolar to the 2nd premolar in both arches, was present in only 54 (18%) of the
study population.
Kennedy Classification
The distribution of partially edentulous arches according to Kennedy classification are
showed in Figure 4.1 in addition to those patients that have fully dentate and
edentulous arches. 78 arches were fully dentate and 40 were fully edentulous. The
number of partially edentulous arches was 482 in total; of these, 186 were Kennedy I,
151 were Kennedy II, 135 were Kennedy III and 10 were Kennedy IV. There was a
statistically significant association between the distribution of Kennedy classifications
across each arch; c2=11.868, p=0.035.

Figure 4.1 Distribution of Kennedy Classifications in upper and lower arches of the
study sample
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40

42

Maxilla
Mandible
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8
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13
2

0
Class I

Class II

Class III

Class IV

Fully
Edentulous
dentate

Kennedy Classification

Table 4.5 displays the combination of classification across both arches. Among the 300
patients examined, 13 patients are fully dentate on upper and lower, 8 patients are
fully edentulous on both upper and lower arch and 2 patients are fully dentate on
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lower arch but full edentulous on upper arch. Therefore, 277 patients had partial
edentulism (PE) in at least one arch, in which there was not a statistically significant
difference between the arches according to the Kennedy classification of PE, c2=6.38,
p=0.0945. Furthermore, 205 patients had PE in both arches (as outlined by a thick
border in Table 4.5). In both arches, the incidence of PE with Kennedy I was the most
common, then Kennedy II,III,IV for the upper arch and III,II,IV for the lower arch. The
most common combination was mandibular Kennedy I opposing maxillary Kennedy I
(51 patients).
Table 4.5 Combination of classification across both arches

Kennedy
I
Kennedy
II

Mandible

Kennedy
III
Kennedy
IV
Edentulous
Fully
Dentate
Total

Kennedy
I
51
50.0%
60.7%
14
20.0%
16.7%
13
18.3%
15.5%
0
0.0%
0.0%
1
7.7%
1.2%
5
11.9%
6.0%
84
28.0%
100.0%

Kennedy
II
19
18.6%
23.5%
31
44.3%
38.3%
19
26.8%
23.5%
0
0.0%
0.0%
2
15.4%
2.5%
10
23.8%
12.3%
81
27.0%
100.0%

Kennedy
III
19
18.6%
29.7%
12
17.1%
18.8%
21
29.6%
32.8%
0
0.0%
0.0%
0
0.0%
0.0%
12
28.6%
18.8%
64
21.3%
100.0%

Maxilla
Kennedy
IV
4
3.9%
50.0%
1
1.4%
12.5%
1
1.4%
12.5%
0
0.0%
0.0%
0
0.0%
0.0%
2
4.8%
25.0%
8
2.7%
100.0%

Edentulous
6
5.9%
22.2%
5
7.1%
18.5%
8
11.3%
29.6%
0
0.0%
0.0%
8
61.5%
29.6%
0
0.0%
0.0%
27
9.0%
100.0%

Fully
Dentate
3
2.9%
8.3%
7
10.0%
19.4%
9
12.7%
25.0%
2
100.0%
5.6%
2
15.4%
5.6%
13
31.0%
36.1%
36
12.0%
100.0%

Total
102
100.0%
34.0%
70
100.0%
23.3%
71
100.0
23.7%
2
100.0%
0.7%
13
100.0%
4.3%
42
100.0%
14.0%
300
100.0%
100.0%

Within the patients with PE, the number of modifications in the maxillary and
mandibular arch classifications can be observed in Tables 4.6 and 4.7. Although the
tables include Kennedy class IV, by definition it cannot have any modification areas.
The maximum number of modification areas was found to be 4 in both arches.
Kennedy I with one modification area was the most prevalent in the upper arch (36
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patients) and Kennedy I without any modification was the most prevalent in the lower
arch (75 patients).

Table 4.6 Distribution of Kennedy classes according to number of modifications in the
maxilla
Maxilla
Kennedy I
Kennedy II
Kennedy III
Kennedy IV
Total

0
28
33.3%
40.6%
17
21.0%
24.6%
16
25.0%
23.2%
8
100.0%
11.6%
69
29.1%
100.0%

Number of modification areas
1
2
3
4
36
13
6
1
42.9%
15.5%
7.1%
1.2%
35.6%
29.6%
33.3%
20.0%
32
22
6
4
39.5%
27.2%
7.4%
4.9%
31.7%
50.0%
33.3%
80.0%
33
9
6
51.6%
14.1%
9.4%
32.7%
20.5%
33.3%
101
42.6%
100.0%

44
18.6%
100.0%

18
7.6%
100.0%

5
2.1%
100.0%

Total
84
100.0%
35.4%
81
100.0%
34.2%
64
100.0%
27.0%
8
100.0%
3.4%
237
100.0%
100.0%

Table 4.7 Distribution of Kennedy classes according to number of modifications in the
mandible
Mandible
Kennedy I
Kennedy II
Kennedy III
Kennedy IV
Total

0
75
73.5%
64.1%
12
17.1%
10.3%
28
39.4%
23.9%
2
100.0%
1.7%
117
47.3%
100.0%

Number of modification areas
1
2
3
4
19
6
2
18.6%
5.9%
2.0%
20.0%
21.4%
50.0%
44
12
1
1
62.9%
17.1%
1.4%
1.4%
46.3%
42.9%
25.0%
100.0%
32
10
1
45.1%
14.1%
1.4%
33.7%
35.7%
25.0%
95
39.1%
100.0%

28
11.5%
100.0%

4
1.7%
100.0%

1
0.4%
100.0%

Total
102
100.0%
41.6%
70
100.0%
28.6%
71
100.0%
29.0%
2
100.0%
0.8%
245
100.0%
100.0%
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The number of PE arches without modification is 186 (inclusive of Kennedy IV),
whereas at least 1 modification area was seen in 296 arches. The difference between
the distribution of Kennedy I-IV and the pattern of modification areas by arch was
statistically significant in both arches (Upper, c2=32.994, p=0.001 and Lower,
c2=60.798, p<0.001).
Favourable vs unfavourable tooth loss
Out of the 292 dentate patients, 107 (36.6%) met the criteria as having favourable
tooth loss, compared to 185 (63.4%) of patient having non-favourable tooth loss. The
demographics of these two groups are compared in Table 4.8.
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Table 4.8 Distribution of demographic variables between those with favourable and
unfavourable tooth loss
Demographic variable

Favourable
(n=107)
71 (10)

Unfavourable
(n=185)
71 (9)

Test
Statistica
8876.000b
1.175

P

Age, Median (IQR)
0.141
Age groups, years (%)
0.556
- 65-74
65 (60.7)
124 (67.0)
- 75-84
36 (33.6)
52 (28.1)
- 85 and over
6 (5.6)
9 (4.9)
Sex (%)
1.556
0.212
- Female
55 (51.4)
109 (58.9)
- Male
52 (48.6)
76 (41.1)
Ethnicity^, (%)
4.196c
0.497
- White British
69 (65.7)
122 (66.7)
- White Other
18 (17.1)
36 (19.7)
- Asian
17 (16.2)
24 (13.1)
- Other
1 (1.0)
1 (0.5)
IMD^ (%)
0.015
0.904
- Less deprived
51 (48.1)
81 (47.4)
- Most deprived
55 (51.9)
90 (52.6)
Exemption status (%)
2.066
0.151
- Not Exempt
71 (66.4)
107 (57.8)
- NHS Exempt (Any)
36 (33.6)
78 (42.2)
No. of medications,
4 (6)
4 (5)
9500.500b 0.566
Median (IQR)
Smoking status^ (%)
5.782
0.016*
- Non-smoker
81 (75.7)
114 (62.0)
- Smoker (including
26 (24.3)
70 (38.0)
past-smokers)
Denture status (%)
19.888
<0.001*
- No denture
72 (67.3)
78 (40.4)
- Dentures (any)
35 (32.7)
115 (59.6)
IQR, Interquartile Range
^Adjusted for missing cases
a
Pearson Chi-square unless otherwise stated, bMann-Whitney U test, cFisher
Exact test
*The significance level is p<0.05
The distribution of age, gender, ethnicity, IMD, exemption status and number of
medications were not statistically different, at p<0.05 significance level, between those
with favourable and unfavourable tooth loss. Smoking status was significantly
associated with tooth loss type; the proportion of non-smokers was higher (75.7%) in
those with favourable tooth loss compared to unfavourable tooth loss (62.0%),
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c2=60.798, p=0.016. Furthermore, the proportion of denture wearers was higher
(59.6%) in those with unfavourable tooth loss compared to favourable tooth loss
(32.7%), c2=19.888, p<0.001. Including edentulous patients (n=8) as having
unfavourable tooth loss did not affect the associations found in Table 4.8.
Discussion
Functional Dentition
Data from this study revealed the presence of natural teeth decreased as age
increased, this supports previous research that the mean number of teeth lost
increases with age (Müller, Naharro, & Carlsson, 2007). Additionally, the presence of a
functional dentition was related to sex (male), exemption status (not exempt) and
fewer medications. Previous studies had found education, marital status and lifestyle
factors such as smoking to be significantly different between those with and without a
functional dentition (Österberg, Johanson, Sundh, et al., 2006; Thorstensson &
Johansson, 2010). Regarding gender differences in tooth loss, some studies had
reported evidence for a complex paradox of more pronounced oral care but more
incomplete dentitions in females compared to males (Coda Bertea, Staehelin, Dratva,
et al., 2007; Russell, Gordon, Lukacs, et al., 2013). With the exception of smoking, the
nature of data collected in the current study via GDP notes, meant that such factors
were not recorded or available. Information relating to aspects such as psychosocial
factors would ideally be collected longitudinally in order to investigate their
contribution to a functional dentition. In 2014, Bernabé looked at social inequalities
and tooth loss in the United Kingdom and found that trends in declining total tooth
loss had not benefitted all social classes evenly and hence a health inequality was
apparent. Those in the highest socio-economic class had 10-11% more teeth and 2528% higher probability of having functional dentition than those in the most deprived
group (Bernabé & Sheiham, 2014), these findings are also reflected in other studies of
tooth loss in the UK (Shen, Wildman, & Steele, 2013; Tsakos, Demakakos, Breeze, et
al., 2011). However, in our study deprivation level was not associated with the
presence of a functional dentition, nor favourable tooth loss. Importantly, a difference
in deprivation may not been seen due to the spread of deprivation within the sample
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and subsequent dichotomisation of IMD (as in Chapter 3). It was not possible to split
this group using the population IMD data as deprivation levels were skewed within this
particular sample. Therefore, this group was split to examine those ‘most deprived’ vs
all other levels of deprivation. This means there may have been patients who could be
considered deprived included in the ‘less deprived’ group (IMD decile 3-10 rather than
5-10). However, the NHS exemption status of a patient goes someway to broadly
describe socio-economic position; older adults who receive low income benefits, such
as income support or pension credit, are entitled to free NHS treatment.
Partial Edentulism (Kennedy Classification)
In this study, the modifications in the Kennedy classes show that some of the
dentitions are complex and potentially require intricate and personalised treatment
plans for each patient. In a previous study classifying partial edentulous arches in an
outpatient department in India, in those 61 years and older, 40.9% were Class I, then
Class III (26.9%), closely followed by Class II (25%) and finally Class IV (7.2%)(Bharathi,
Babu, Reddy, et al., 2014). Our study reveals similar patterns, apart from in the upper
arch where the highest prevalence was Class I, II, III then IV. A review of studies on
partial edentulism (PE) found that prevalence of PE was more common in the
mandibular arch than maxillary arch (Jeyapalan & Krishnan, 2015), however this study
found no statistical difference in the prevalence of PE between the two arches (245 in
maxilla and 237 in mandibular).
It should be acknowledged that the accuracy by which the arches were classified by
the researcher may be affected by the exclusion of the third molars as without a
clinical assessment one cannot ascertain the suitability of the tooth as an abutment.
Nevertheless, the distribution of the Kennedy classification gives an idea of prevalence
of edentulism, PE and fully dentate across the study population of attending older
adults.
The prevalence of dentures within the study population gives an indication as to the
patients with tooth loss that have been provided with a removable prosthesis vs those
who have not. However, a study which investigated the influence of denture design on
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patient acceptance suggested that 40% of patients with a partial denture did not wear
them (Jepson, Thomason, & Steele, 1995). In this study population, despite a similar
prevalence of PE in each arch, nearly double the number of dentures are shown for the
maxillary arch compared to the mandibular. The provision of dentures could be an
indication of unmet need and an area which could be further explored – with a
comparison between the prosthetic status and prosthetic need of the patient, and
patient preference.
Tooth loss patterns
The results from this study population suggest that the incidence of tooth loss was
highest in mandibular molars (59-62%) and lowest in mandibular canines (9-12%). This
reflects the findings of previous studies including a 10 year longitudinal study in
Sweden (Paulander, Axelsson, Lindhe, et al., 2004), a smaller study comparing tooth
loss in different types of dental practices in South Africa (Volchansky, Cleaton-Jones,
Evans, et al., 2016) and a community-based cohort study in Germany (Hassel, Safaltin,
Grill, et al., 2018). These patterns of tooth loss are accordant to the anatomy of teeth
and biological plausibility, for example the canines have the longest roots for
anchorage and their cornerstone position may mean they are easier to clean even with
a sub-optimal brushing technique. Furthermore, it may be of interest to explore any
impact that patient handedness has on tooth loss variations either side of the mouth.
Overall, Table 4.8 suggests that the anterior teeth are more likely to remain in situ
compared to posterior teeth and, in absence of rampant disease, could support the
SDA concept in older adults. Even so, in this population of attending older adults there
are only 18% with SDA, that could be due to many reasons, such as increasing
expectation leading to poorer acceptability of SDA from the patient’s perspective, or
lack of evidence-based education or formal treatment protocols available to the
clinician.
More people in the study population had unfavourable tooth loss compared to
favourable tooth loss. Being a smoker was not a surprising association with
unfavourable tooth loss due to increased risk of periodontal bones loss (Paulander,
177

Wennstrom, Axelsson, et al., 2004), which can lead to a perpetual addition of teeth to
a denture to compensate further tooth loss. In this study the presence of a denture
was also significantly associated with an unfavourable tooth loss pattern. There were
no similar associations between demographics and functional dentition reflected in
this measure of favourable tooth loss. Other potential factors may contribute to
unfavourable tooth loss, for example, the capacity of the individual or cognitive
impairment (Chen & Clark, 2011).
Limitations
A number of limitations have been acknowledged throughout this discussion. The main
limitation was that this study was conducted on a general attending population from
the UK, and thus the findings regarding utilisation of services may be particular to the
structure of public dental services (NHS) and dental policy in this country. Crossvalidation of the results would need to include samples from other countries with
differing dental service provision as well as different geographies within the UK.
Furthermore, the generalisability of these data are limited to a regularly attending
older adult population; previous work in this area found that access to NHS dental care
services decreased with increasing older age (McKenzie, Goodwin, & Pretty, 2017) and
showed that higher IMD deprivation levels were linked to a more symptomatic
attendance pattern (Lang, Gibbs, Steel, et al., 2008).
Collecting anonymous data via dental records means the study is replicable as no
consent is required, thus eliminating responder bias. However, the potential for the
varying reliability of the data collected by the clinicians also needs to be acknowledged
e.g. clinicians failing to update medication lists and smoking status. Additionally, this
study was unable to obtain information on past behaviours which may have influenced
present dental condition so careful interpretation is needed before assumptions of
aetiology of tooth loss are made.
Strengths
This study continues to inform a health needs assessment for older adults attending
NHS dental practices in the Greater Manchester area and due to the nature of this
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study, reproducibility and corroboration of these results can easily be carried out
within larger populations and across different localities.
Furthermore this study contributes important data to the lack of epidemiological
studies surrounding tooth loss in the elderly (Müller, Naharro, & Carlsson, 2007). The
majority of other available studies report evidence of tooth loss in those living in
institutionalised and long-term care facilities (Chen & Clark, 2011; Tramini, Montal, &
Valcarcel, 2007) and represent only a small proportion of older adults with their own
specific oral health challenges.
Conclusion for Further Research
Overall, this study illustrates a clinical picture of tooth loss in a group of attending
older adults and provides a new characterisation of tooth loss in terms of favourable
and unfavourable with regards to classification of partial edentulism. The difference in
associated factors between functional dentition and favourable tooth loss in this study
population reflects the complex interplay between ageing and achieving oral health. A
longitudinal study is needed to elicit, perhaps more holistic, factors that have not
previously been captured in order to better understand why certain individuals lose
certain teeth. Such data would be important for clinicians and policy makers in the
planning of services to tackle the demand of an increasingly ageing, and dentate,
population.

179

References
Applegate, O. (1965). Essentials of Removable Partial Denture Prosthesis (3rd ed.).
Philadelphia: W.B. Saunders Co Ltd.
Bernabé, E., & Sheiham, A. (2014). Tooth loss in the United Kingdom - Trends in social
inequalities: an age-period-and-cohort analysis. PloS One, 9(8), e104808.
https://doi.org/10.1371/journal.pone.0104808
Bharathi, M., Babu, K. R. M., Reddy, G., Gupta, N., Misuriya, A., & Vinod, V. (2014). Partial
Edentulism based on Kennedy’s classifcation: an epidemiological study. The Journal of
Contemporary Dental Practice, 15(2), 229–231. Retrieved from
http://www.ncbi.nlm.nih.gov/pubmed/25095849
Chen, X., & Clark, J. J. (2011). Tooth loss patterns in older adults with special needs: a
Minnesota cohort. International Journal of Oral Science, 3(1), 27–33.
https://doi.org/10.4248/IJOS11012
Coda Bertea, P., Staehelin, K., Dratva, J., & Zemp Stutz, E. (2007). Female gender is associated
with dental care and dental hygiene, but not with complete dentition in the Swiss adult
population. Journal of Public Health, 15, 361–367. https://doi.org/10.1007/s10389-0070126-0
Curtis, D. A., Curtis, T. A., Wagnild, G. W., & Finzen, F. C. (1992). Incidence of various classes of
removable partial dentures. The Journal of Prosthetic Dentistry, 67(5), 664–667.
https://doi.org/10.1016/0022-3913(92)90167-9
De Marchi, R. J., Hilgert, J. B., Hugo, F. N., Santos, C. M. Dos, Martins, A. B., & Padilha, D. M.
(2012). Four-year incidence and predictors of tooth loss among older adults in a southern
Brazilian city. Community Dentistry and Oral Epidemiology, 40(5), 396–405.
https://doi.org/10.1111/j.1600-0528.2012.00689.x
Drake, C. W., Hunt, R. J., & Koch, G. G. (1995). Three-year tooth loss among black and white
older adults in North Carolina. Journal of Dental Research, 74(2), 675–680.
https://doi.org/10.1177/00220345950740020801
Fuller, E., Steele, J., Watt, W., & Nuttall, N. (2011). 1: Oral health and function – a report from
the Adult Dental Health Survey 2009. Retrieved from The Health and Social Care
Information Centre website:

180

https://files.digital.nhs.uk/publicationimport/pub01xxx/pub01086/adul-dent-heal-survsumm-them-the1-2009-rep3.pdf
Gilbert, G. H., Miller, M. K., Duncan, R. P., Ringelberg, M. L., Dolan, T. A., & Foerster, U. (1999).
Tooth-specific and person-level predictors of 24-month tooth loss among older adults.
Community Dentistry and Oral Epidemiology, 27(5), 372–385.
https://doi.org/10.1111/j.1600-0528.1999.tb02034.x
Hassel, A. J., Safaltin, V., Grill, S., Schröder, J., Wahl, H.-W., Klotz, A.-L., Habibi, E.,
Rammelsberg, P., & Zenthöfer, A. (2018). Risk factors for tooth loss in middle and older
age after up to 10 years: An observational cohort study. Archives of Oral Biology, 86, 7–
12. https://doi.org/10.1016/j.archoralbio.2017.11.001
IBM Corp. (2015). IBM SPSS Statistics for Macintosh, Version 23.0. Armonk, NY: IBM Corp.
Jepson, N. J., Thomason, J. M., & Steele, J. G. (1995). The influence of denture design on
patient acceptance of partial dentures. British Dental Journal, 178(8), 296–300.
https://doi.org/10.1038/sj.bdj.4808742
Jeyapalan, V., & Krishnan, C. S. (2015). Partial Edentulism and its correlation to age, gender,
socio-economic status and incidence of various Kennedy’s classes– A Literature Review.
Journal of Clinical and Diagnostic Research, 9(6), ZE14-17.
https://doi.org/10.7860/JCDR/2015/13776.6124
Kanno, T., & Carlsson, G. E. (2006). A review of the shortened dental arch concept focusing on
the work by the Käyser/Nijmegen group. Journal of Oral Rehabilitation, 33(11), 850–862.
https://doi.org/10.1111/j.1365-2842.2006.01625.x
Käyser, A. (1981). Shortened dental arches and oral function. Journal of Oral Rehabilitation,
8(5), 457–462. https://doi.org/10.1111/j.1365-2842.1981.tb00519.x
Käyser, A. (1989). Shortened dental arch: a therapeutic concept in reduced dentitions and
certain high-risk groups. The International Journal of Periodontics & Restorative Dentistry,
9(6), 426–449. Retrieved from http://www.ncbi.nlm.nih.gov/pubmed/2640215
Korduner, E.-K., Söderfeldt, B., Kronström, M., & Nilner, K. (2006). Attitudes toward the
shortened dental arch concept among Swedish general dental practitioners. The
International Journal of Prosthodontics, 19(2), 171–176. Retrieved from
http://www.ncbi.nlm.nih.gov/pubmed/16602366

181

Lang, I. A., Gibbs, S. J., Steel, N., & Melzer, D. (2008). Neighbourhood deprivation and dental
service use: a cross-sectional analysis of older people in England. Journal of Public Health,
30(4), 472–478. https://doi.org/10.1093/pubmed/fdn047
Locker, D., Ford, J., & Leake, J. L. (1996). Incidence of and Risk Factors for Tooth Loss in a
Population of Older Canadians. Journal of Dental Research, 75(2), 783–789.
https://doi.org/10.1177/00220345960750020801
McKenna, G., Allen, P. F., O’Mahony, D., Flynn, A., Cronin, M., DaMata, C., & Woods, N.
(2014). Comparison of functionally orientated tooth replacement and removable partial
dentures on the nutritional status of partially dentate older patients: A randomised
controlled clinical trial. Journal of Dentistry, 42(6), 653–659.
https://doi.org/10.1016/j.jdent.2014.03.005
McKenzie, K. W., Goodwin, M., & Pretty, I. (2017). NHS dental service utilisation and social
deprivation in older adults in North West England. British Dental Journal, 223(2), 102–
107. https://doi.org/10.1038/sj.bdj.2017.624
Miller, E. L. (1970). Systems for classifying partially dentulous arches. The Journal of Prosthetic
Dentistry, 24(1), 25–40. https://doi.org/10.1016/0022-3913(70)90271-4
Müller, F., Naharro, M., & Carlsson, G. E. (2007). What are the prevalence and incidence of
tooth loss in the adult and elderly population in Europe? Clinical Oral Implants Research,
18, 2–14. https://doi.org/10.1111/j.1600-0501.2007.01459.x
Nassani, M.-Z., Devlin, H., Tarakji, B., & Mccord, J.-F. (2010). A survey of dentists’ practice in
the restoration of the shortened dental arch. Medicina Oral Patologia Oral y Cirugia
Bucal, 15(1), 85–94. https://doi.org/10.4317/medoral.15.e85
Österberg, T., Johanson, C., Sundh, V., Steen, B., & Birkhed, D. (2006). Secular trends of dental
status in five 70-year-old cohorts between 1971 and 2001. Community Dentistry and Oral
Epidemiology, 34(6), 446–454. https://doi.org/10.1111/j.1600-0528.2006.00298.x
Pallegedara, C., & Ekanayake, L. (2008). Effect of tooth loss and denture status on oral healthrelated quality of life of older individuals from Sri Lanka. Community Dental Health, 25(4),
196–200. Retrieved from http://www.ncbi.nlm.nih.gov/pubmed/19149294
Patel, M. H., Kumar, J. V, & Moss, M. E. (2013). Diabetes and Tooth Loss: An analysis of data
from the National Health and Nutrition Examination Survey, 2003–2004. The Journal of
the American Dental Association, 144(5), 478–485.
https://doi.org/10.14219/jada.archive.2013.0149
182

Paulander, J., Axelsson, P., Lindhe, J., & Wennström, J. L. (2004). Intra-oral pattern of tooth
and periodontal bone loss between the age of 50 and 60 years. A longitudinal
prospective study. Acta Odontologica Scandinavica, 62(4), 214–222.
https://doi.org/10.1080/00016350410001630
Paulander, J., Wennstrom, J. L., Axelsson, P., & Lindhe, J. (2004). Some risk factors for
periodontal bone loss in 50-year-old individuals. A 10-year cohort study. Journal of
Clinical Periodontology, 31(7), 489–496. https://doi.org/10.1111/j.1600051X.2004.00514.x
Petersen, P. E., Kjøller, M., Christensen, L. B., & Krustrup, U. (2004). Changing dentate status
of adults, use of dental health services, and achievement of National Dental Health goals
in Denmark by the year 2000. Journal of Public Health Dentistry, 64(3), 127–135.
https://doi.org/10.1111/j.1752-7325.2004.tb02742.x
Russell, S. L., Gordon, S., Lukacs, J. R., & Kaste, L. M. (2013). Sex/Gender differences in tooth
loss and edentulism. Dental Clinics of North America, 57(2), 317–337.
https://doi.org/10.1016/j.cden.2013.02.006
Sheiham, A., Steele, J. G., Marcenes, W., Finch, S., & Walls, A. W. (1999). The impact of oral
health on stated ability to eat certain foods; findings from the National Diet and Nutrition
Survey of Older People in Great Britain. Gerodontology, 16(1), 11–20. Retrieved from
http://www.ncbi.nlm.nih.gov/pubmed/10687504
Shen, J., Wildman, J., & Steele, J. (2013). Measuring and decomposing oral health inequalities
in an UK population. Community Dentistry and Oral Epidemiology, 41(6), 481–489.
https://doi.org/10.1111/cdoe.12071
Shimazaki, Y., Soh, I., Saito, T., Yamashita, Y., Koga, T., Miyazaki, H., & Takehara, T. (2001).
Influence of dentition status on physical disability, mental impairment, and mortality in
institutionalized elderly people. Journal of Dental Research, 80(1), 340–345.
https://doi.org/10.1177/00220345010800010801
Slade, G. D., Gansky, S. A., & Spencer, A. J. (1997). Two-year incidence of tooth loss among
South Australians aged 60+ years. Community Dentistry and Oral Epidemiology, 25(6),
429–437. https://doi.org/10.1111/j.1600-0528.1997.tb01734.x
Starr, J. M., & Hall, R. (2010). Predictors and correlates of edentulism in healthy older people.
Current Opinion in Clinical Nutrition and Metabolic Care, 13(1), 19–23.
https://doi.org/10.1097/MCO.0b013e328333aa37
183

Starr, J. M., Hall, R. J., Macintyre, S., Deary, I. J., & Whalley, L. J. (2008). Predictors and
correlates of edentulism in the healthy old people in Edinburgh (HOPE) study.
Gerodontology, 25(4), 199–204. https://doi.org/10.1111/j.1741-2358.2008.00227.x
Steele, J. G., Treasure, E., Pitts, N. B., Morris, J., & Bradnock, G. (2000). Adult dental health
survey: Total tooth loss in the United Kingdom in 1998 and implications for the future.
British Dental Journal, 189(11), 598–603. https://doi.org/10.1038/sj.bdj.4800840
Steele, J. G., Treasure, E. T., O’Sullivan, I., Morris, J., & Murray, J. J. (2012). Adult Dental Health
Survey 2009: transformations in British oral health 1968–2009. British Dental Journal,
213(10), 523–527. https://doi.org/10.1038/sj.bdj.2012.1067
Thomson, W. (2012). Monitoring Edentulism in Older New Zealand Adults over Two Decades:
A Review and Commentary. International Journal of Dentistry, 2012, 1–4.
https://doi.org/10.1155/2012/375407
Thorstensson, H., & Johansson, B. (2010). Why do some people lose teeth across their lifespan
whereas others retain a functional dentition into very old age? Gerodontology, 27(1), 19–
25. https://doi.org/10.1111/j.1741-2358.2009.00297.x
Tramini, P., Montal, S., & Valcarcel, J. (2007). Tooth loss and associated factors in long-term
institutionalised elderly patients. Gerodontology, 24(4), 196–203.
https://doi.org/10.1111/j.1741-2358.2007.00183.x
Tsakos, G., Demakakos, P., Breeze, E., & Watt, R. G. (2011). Social gradients in oral health in
older adults: findings from the English longitudinal survey of aging. American Journal of
Public Health, 101(10), 1892–1899. https://doi.org/10.2105/AJPH.2011.300215
Tsakos, G., Steele, J. G., Marcenes, W., Walls, A. W. G., & Sheiham, A. (2006). Clinical
correlates of oral health-related quality of life: evidence from a national sample of British
older people. European Journal of Oral Sciences, 114(5), 391–395.
https://doi.org/10.1111/j.1600-0722.2006.00398.x
Tsakos, G., Wagner, M., & Sheiham, A. (2004). The relationship between clinical dental status
and oral impacts in an elderly population. Oral Health & Preventive Dentistry, 2(3), 211–
220. https://doi.org/10.3290/j.ohpd.a9476
Tsakos, G., Watt, R. G., Rouxel, P. L., de Oliveira, C., & Demakakos, P. (2015). Tooth loss
associated with physical and cognitive decline in older adults. Journal of the American
Geriatrics Society, 63(1), 91–99. https://doi.org/10.1111/jgs.13190

184

Volchansky, A., Cleaton-Jones, P., Evans, W., & Shackleton, J. (2016). Patterns of previous
tooth loss in patients presenting at five different types of dental practice. South African
Dental Journal, 71(2), 70–74. Retrieved from
http://www.scielo.org.za/scielo.php?script=sci_arttext&pid=S0011-85162016000200006
Walter, M. H., Woronuk, J. I., Tan, H.-K., Lenz, U., Koch, R., Boening, K. W., & Pinchbeck, Y. J.
(2007). Oral health related quality of life and its association with sociodemographic and
clinical findings in 3 northern outreach clinics. Journal of the Canadian Dental
Association, 73(2), 153. Retrieved from http://www.ncbi.nlm.nih.gov/pubmed/17355805
Warren, J. J., Watkins, C. A., Cowen, H. J., Hand, J. S., Levy, S. M., & Kuthy, R. A. (2002). Tooth
loss in the very old: 13-15-year incidence among elderly Iowans. Community Dentistry
and Oral Epidemiology, 30(1), 29–37. https://doi.org/10.1034/j.16000528.2002.300105.x
Wolfart, S., Marré, B., Wöstmann, B., Kern, M., Mundt, T., Luthardt, R. G., Huppertz, J.,
Hannak, W., Reiber, T., Passia, N., Heydecke, G., Reinhardt, W., Hartmann, S., Busche, E.,
Mitov, G., Stark, H., Pospiech, P., … Walter, M. H. (2012). The Randomized Shortened
Dental Arch Study. Journal of Dental Research, 91(Suppl 7), S65–S71.
https://doi.org/10.1177/0022034512447950
World Health Organization. (1992). Recent advances in oral health: report of a WHO Expert
Committee [meeting held in Geneva from 3 to 9 December 1991]. In WHO Technical
Report Series (Vol. 826). Geneva.
Yu, Y.-H., Lai, Y.-L., Cheung, W. S., & Kuo, H.-K. (2011). Oral health status and self-reported
functional dependence in community-dwelling older adults. Journal of the American
Geriatrics Society, 59(3), 519–523. https://doi.org/10.1111/j.1532-5415.2010.03311.x

185

[blank page]

186

B – Improving the oral health of older adults

187

[blank page]

188

A scoping review of community-based
educational interventions to improve oral health in older
adults

189

[blank page]

190

Foundation and Summary of Chapter 5
Chapters 1-4 demonstrate that dental caries and periodontal disease are prevalent in
older adults and they present with a challenging dentition. Despite being chronic in
nature, these diseases can be prevented over time by modifying their risk factors and
actively engaging in preventive behaviours. Even though the risk factors that were
identified in Chapter 3 and 4 were collected in a practice-setting, many of them were
lifestyle and demographic variables that would be suitable for a community-based
intervention. Furthermore, due to a significant number of older adults not accessing
general dental services (Chapter 2), targeted interventions in a clinical setting would
be inappropriate for this population.
There was therefore a need to explore previous research within the area of oral health
interventions in an older adult population implemented in a community setting (but
not residential care facilities). In addition, a full traditional systematic review, such as
those carried out for the Cochrane Collaboration, did not seem appropriate given the
wide range of oral health outcomes and indicators identified in Chapter 1 and, in turn,
potential interventions which would have been difficult to combine in a more
conventional review. It was thought a scoping review following the form of an oral
health promotion evaluation outcome model by Richard Watt (Watt, Harnett, Daly, et
al., 2006) would be useful to illustrate the key areas that have worked in the past and
identify gaps in the literature. Therefore, the purpose is to explore the literature within
this domain and identify a variety of interventions that could potentially be
implemented to improve oral health outcomes in older adults.
Author’s contributions:
This section was written by KMcK and was reviewed with contributions by IAP and
MG.
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Abstract
Background: The implementation of community based oral health programmes in
older adults has largely been focussed in residential care settings. With the majority of
older adults living in the community ‘ageing in place’, it is necessary to provide
prevention strategies at an early stage to enable effective self-oral care and promote
oral health.
Materials and methods: A scoping review of the literature was undertaken to explore
breadth of literature and assess the range and impact of community-based oral health
interventions in older adults. Searches were conducted in Medline and Embase in
addition to hand searching of key journals and citations. The data extracted included
intervention details, mechanisms and perceived success. Outcome measures were
classified based on Watts’ oral health promotion model.
Results: 6 studies were included in the review all of which included educational
interventions. Most of the studies reviewed showed an improvement in their outcome
measures no matter what design, sample size, follow-up period and interventional
variables were used. Furthermore, given the small number of studies identified it was
difficult to determine which study achieved pre-eminence in improving oral health.
Conclusion: The lack of validated outcome measures found in this review suggests a
gap in the literature when looking to assess the oral health of older adults in a
meaningful way. Qualitative work with target populations is necessary to tailor content
and delivery of future oral health educational intervention programmes.
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Introduction
Oral health is a core component of public health and well-being. The combination of
the prevalence of edentulousness falling with population ageing, means poor oral
health is particularly prevalent amongst older populations (Griffin, Jones, Brunson, et
al., 2012; Petersen, Kandelman, Arpin, et al., 2010). According to a recent WHO report
on Ageing and Health, oral health is a crucial and often neglected area of health ageing
(World Health Organization, 2015). The high burden of oral diseases, at both individual
and population levels, requires a shift in focus from treatment to prevention. In this
approach, to achieve the goal of improved oral health, it is essential to study the risk
factors associated with the oral health status of the local community and to
understand the relationship among these risk factors.
Preventing oral diseases can be supported by health promotion efforts and initiatives.
Such initiatives were presented in ‘Healthy People 2020’ (Office of Disease Prevention
and Health Promotion, 2014), ‘Oral Health in America: a report of the Surgeon
General’ (U.S. Department of Health and Human Services, 2000) and the ‘National Call
to Action’ (U.S. Department of Health and Human Services, 2003) provide guided
strategies to reduce oral health disparities. One of the strategies common to all
initiatives is delivering community-based programs to promote oral health – a
recommendation that is in accordance with the FDI World Dental Federation in their
Oral Health for an Ageing Population project (FDI World Dental Federation, 2018).
The implementation of community based oral health programmes in older adults has
been largely focussed in residential care facility settings (Miegel & Wachtel, 2009), for
example health education strategies to improve the knowledge and skill levels of
carers and care-home staff (Frenkel, Harvey, & Needs, 2002; Janssens, De Visschere,
van der Putten, et al., 2016; MacEntee, Wyatt, Beattie, et al., 2007). However, surveys
have suggested only 4% of those 65 years and older are living in such environments
(LaingBuisson, 2016; Office for National Statistics, 2014) and may not be
representative of the general older adult population due to additional complex oral
and general health needs. Additionally, due to relatively low dental service utilisation
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among older adults (McKenzie, Goodwin, & Pretty, 2017; U.S. Department of Health
and Human Services, 2010; Wall, Vujicic, & Nasseh, 2012), the importance of a nonclinical setting for an oral health intervention should be considered. It is especially
important to consider oral interventions at an early stage for the independent elderly
population before they begin to suffer from oral health problems. Promisingly, in a
toolkit designed for local authorities to support commissioners improve the oral health
of vulnerable older people in all settings, Public Health England identified ‘outreach
programmes and interventions to independently living older people’ as having
emerging evidence of effectiveness (Public Health England, 2018).
While informal, local community-based oral health interventions for older adults may
exist, they would lack a strong evidence-base without proven improvement in oral
health outcome measures, which is needed to receive recognition from possible
funders and public sector commissioners (Administration for Community Living, 2019).
Promoting or improving oral health in older adults is a complex issue that is impacted
by a wide variety of factors. There are therefore are a significant number of different
evaluation outcome measures that exist which may provide a methodological
challenge when conducting and evaluating oral health interventions (Watt, Harnett,
Daly, et al., 2006). Therefore, a valid recognised set of measures are required.
The objectives of this scoping review are to:
-

Identify interventions to improve oral health of older adults in a community
setting

-

Explore the different (proxy) outcome measures for oral health

Methods
The review follows the scoping methodology outlined by Arskey and O’Malley (Arksey
& O’Malley, 2005), and consistent with this the review was conducted in 5 steps. Step
1 involved developing the research questions; Step 2 identifying relevant studies; Step
3 selecting studies; Step 4 charting data; and Step 5 collating, summarising and
reporting results.
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Search Strategy
A search strategy and set of search terms included a combination of the following key
words and their synonyms: “older adults” AND “oral health” AND “intervention”.
Search terms were explored through guided MeSH/Emtree subject searching. Search
terms used in Medline and Embase via Ovid database are shown in Table 5.1.
Table 5.1 Search strategy for Ovid database
Database

Search Strategies

Via Ovid

Old$ adult$

Oral health.mp.

Ovid MEDLINE

Intervention.mp.
or intervention

“senior*”
Embase

Dental health

study/

education/or oral
“geriatric*”

health program$.mp.

Workshop/ or
workshop.mp.

Elder$
Program$.mp.
[in Title, Abstract,

or education

Keyword or

program/ or

Subject heading]

community
program/ or
program
effectiveness/ or
health program/

The searches were conducted in October 2018 in addition to hand searching of key
journals and citations, included articles were also checked for additional references
and duplicates were removed.
Inclusion Criteria for Study Selection
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To be included, studies must have reported one or more outcomes relating to oral
health of older adults, present a baseline and post-intervention measurement, or
change in score compared to a control. Therefore, quasi-experimental designs,
Randomised Control Trials (RCT), controlled before and after studies, and interrupted
time series studies were included. Included studies had no minimum intervention or
follow-up duration.
Exclusion Criteria
Studies were excluded:
-

If the primary purpose was not to evaluate an intervention or policy change

-

If the intervention strategy was aimed at carers, staff members, health care
professionals etc. instead of older adults themselves

-

If the intervention was not in older adults (60 years and over) living
independently in the community e.g. those residing in residential/long-term
care facilities

-

If the abstract was related to a discussion or conference abstract with no
further connecting paper, full text or full outline of the study

-

If no oral health outcomes were measured

-

If they cannot be accessed in the English language

-

If content is only descriptive in nature regarding changes resulting from the
intervention

Furthermore, studies were limited during the study selection to those published in the
last 30 years. Studies pre-dating 1989 were not considered due to the improvement in
rigour of reporting results. In addition, it will ensure relevant interventions are
included which reflect the changes in oral health in the elderly population over this
time, such as reduction in edentulism, and considers changes in oral health services
and improvements in technology.
Charting Data
KMcK extracted the data. Details of the study population and context, aims and
methods, intervention strategies and mechanisms if available, were recorded. The
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mechanisms reflected were categorised on given theories and models that underpin
modifiable health risk and behaviours. The most widely-used theoretical models
include:
-

The Health Belief Model

-

The Transtheoretical Model/Stages of Change

-

Social Cognitive Theory (SCT)

-

Theory of Planned Behaviour
(Bryant, Altpeter, & Whitelaw, 2006).

The outcomes and outcome measures of the studies were classified using the oral
health promotion model by Richard Watt (Watt, Harnett, Daly, et al., 2006) which was
based on the original Nutbeam model (Nutbeam, 1998), components of which (shaded
in grey) had previously been used to form an oral health promotion toolkit (Wright,
2004), see Figure 5.1

Figure 5.1 Oral health promotion model from Watt et al. 2006 [modified from Nutbeam 1998]
Health and
social
outcomes

Morbidity

Quality of life

Equity

e.g. change in dmft
levels

e.g. change in no. of
episodes of toothache

e.g. reduction in oral
health inequalities

Intermediate
health
outcomes

Healthy lifestyles

Effective dental
health services

Healthy environments

Health
promotion
outcomes

Health literacy

Social influence and
action

Healthy public policy

e.g. change in support for
water fluoridation

e.g. change in no. of
schools with food policy

Health
promotion
actions

Education

Facilitation

Advocacy

e.g. in-service training for
school teachers on oral
health issues

e.g. formation of student
schools nutrition action

e.g. lobbying for
improvement in food
labelling

e.g. change in milk or
water consumption at preschool

e.g. change in oral health
knowledge and skills

e.g. change in no. of fissure
sealant programmes

e.g. change in no. of
schools selling healthy
snacks
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Formal quality assessment was not conducted, consistent with the scoping review
methodology due to the small number of papers and heterogeneity of topics and study
types.
Results
The review was conducted by screening articles titles, abstracts and ultimately
analysing full text articles of potentially eligible papers, Figure 5.2 depicts the search
strategy and study selection.
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Identification

Figure 5.2 Search strategy and study selection

Records identified via
Database searching:
Embase (n=492)
Medline (n=452)

Additional records
identified via
hand-searching:
(n=4)

Records after duplicates removed

Screening

(n=552)

Records screened by abstract

Records excluded

(n=552)

(n=525)

Full-text articles assessed for eligibility

Full-text articles
excluded
(n=21)

Eligibility

(n=27)

Included

Studies included in scoping review
(n=6)

The initial search identified 944 references through database searching, of which 396
duplicates were removed. 4 more references were identified through other sources
and therefore 552 records were manually screened via abstract to remove studies that
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were clearly inappropriate. Many of these reported on aspects of prevalence,
perceptions, treatments and policies related to general and oral health in older adults.
27 full text articles were then assessed using the eligibility criteria, leaving 6 studies to
be included in the scoping review.
Intervention characteristics
Table 5.2 gives an overview of the 6 included studies and describes the characteristics
of each intervention. As shown, one randomised controlled trial compared the effect
of different caries-preventative strategies on caries progression (Powell, Persson,
Kiyak, et al., 1999). The basic intervention of a 2-hour educational program twice a
year, with and without the addition of preventative regimes, was compared to the
control group of usual care. Due to the small effect of the treatment regimens, the
outcome differences among the five groups were not statistically significant.
Another randomised control trial evaluated the changes in oral health and function in
those with xerostomia through an oral health educational program (Ohara, Yoshida,
Kono, et al., 2015). The intervention comprised of six 90-minute sessions every 2
weeks for 3 months and included lectures, oral hygiene instruction, oral functional
exercise and salivary gland massages. The control group received a pamphlet of
general information about oral health. Unstimulated salivary flow rate, swallowing
times and taste for sensitivity for bitterness were significantly improved through the
intervention program. However, improvements were not seen in oral pronunciation
tests (tongue twisters testing oral function) and self-evaluation of xerostomia or
masticatory ability.
Hakuta et al. evaluated an oral function promotion programme consisting of two
sessions per month over 3 months, each session was 2-hours long. The contents of the
programme were knowledge of oral health and oral function and physical exercises for
the enhancements of oral functional performances. The intervention group displayed
statistically significant improvement in all oral health status measures and oral
function tests; such a change was not seen in the control group (Hakuta, Mori, Ueno,
et al., 2009).
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Mariño and colleagues conducted two cluster non-randomised controlled trials
evaluating an oral health promotion programme known as ‘ORHIS’ – Oral Health
Information Seminars/Sheets among migrant older adults (Mariño, Calache, & Morgan,
2013; Mariño, Calache, Wright, et al., 2004). In 2004, this consisted of oral health
seminars (nine 20-25-minute sessions every 2 weeks), provision of oral care products
and oral health information sheets compared to a control group. The programme had
no effect on toothbrushing behaviours in either Italian or Greek participants. There
was no significant effect on dental attendance among Greek participants while
significant increases in attendance were self-reported amongst Italian participants. The
intervention group were significantly more likely at post-test to have improved oral
health attitudes, and oral health knowledge. In addition, the physical health
component of quality of life scale improved significantly in Greek participants but not
in Italian participants. However, there were no differences in the mental health
component and quality of life pre and post-intervention (Mariño, Calache, Wright, et
al., 2004). In the second study, in 2013, the ORHIS approach was evaluated and also
included four 10-minute one-to-one hygiene sessions which reviewed tooth brushing,
disclosing tablet use, denture cleaning and flossing. The intervention had no significant
effect on regular toothbrushing, but did find significant differences in daily flossing
behaviour. The experimental group was significantly more likely than the control group
to have improved gingival status (bleeding) and self-efficacy, but no significant effects
were found regarding dental plaque levels (Mariño, Calache, & Morgan, 2013). In
2016, Mariño and colleagues carried out a one group pre-test-post-test quasiexperimental evaluation of the ORHIS on an e-learning platform comprising of 10
modules and in this study only the first six modules were tested. On average it took 2738 minutes to complete each module: listening to a presentation and completion of a
quiz. Participants scored higher levels of achievement after participating in the webbased oral health program than before, showing significant improvements in oral
health attitudes, knowledge, self-efficacy and self-reported oral hygiene practices
(Mariño, Marwaha, & Barrow, 2016).
Study populations
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The studies interventions targeted different older adult population groups. The caries
prevention intervention targeted lower-income, ethnically diverse elders in Seattle,
USA who had not attended a dental visit within the last year (Powell, Persson, Kiyak, et
al., 1999). Two studies regarding an oral health promotion programme targeted
migrant older adults attending social clubs living in Melbourne, Australia – one study
was conducted in both a Greek and an Italian population and the other study
conducted in an Italian only group (Mariño, Calache, & Morgan, 2013; Mariño,
Calache, Wright, et al., 2004). However, the web-based oral health promotion
programme was targeted at independently functioning older adults in the community
of City of Whittlesea, Melbourne (Mariño, Marwaha, & Barrow, 2016) and did not
specify nationality of the study population. The two oral function improvement
programmes were both carried out in Tokyo, Japan; one was conducted in older adults
who had participated in a dental screening and complained of xerostomia (Ohara,
Yoshida, Kono, et al., 2015) and the other were independent older females attending
senior citizen’s activity centres in the metropolitan area (Hakuta, Mori, Ueno, et al.,
2009).
Mechanisms for Change
Only one author’s research specifically assessed the impact of intervention strategies
on a mechanism for change across their three studies. In his earlier study, Mariño et al.
(2004) based the intervention on the Health Belief Model, identifying a combination of
specific behaviours and practices, mediated by an individual’s health belief and values
as well as cultural backgrounds and other non-health factors (Mariño, Calache, Wright,
et al., 2004). In the more recent studies, Mariño et al. (2013 and 2016) used social
cognitive theory, with a focus on self-efficacy, to drive the effectiveness of the
intervention program (Mariño, Calache, & Morgan, 2013; Mariño, Marwaha, & Barrow,
2016).
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Table 5.2 Overview of the selected studies and interventions
Author

Study population

Aims/purposes

Study

Intervention – mechanism

type/design

for change, if applicable

Compare the

3 year

Group 2 intervention –

The seminar was

No

effectiveness of

randomised

educational seminar (2-

conducted in a small

– No significant

controlled trial

hour duration implemented

group format of classes

reduction of

twice a year)

6-8 persons with a health coronal or root

Reference
(Powell,

Age 60-99 years

Persson,
Kiyak, et

Lower income,

different caries-

al., 1999)

ethnically diverse

preventative

group

strategies on caries
progression

5 Groups, n=318

Intervention details

Success
(Yes/No/Mixed)

educator. The topics of

caries observed

Group 3 education + 0.12%

home care methods, oral

between control

CHX rinse weekly

self-exams and regular

group and basic

check-ups were

intervention

Local Public Health

Group 4 education + CHX

discussed. Small groups

(education only)

Department and

rinse + fluoride varnish

discussed individual

group (p>0.05)

problems in home care

- Individual effects

community
programs - clinical

Group 5 education + CHX

and provided help for

of each

setting

rinse + F varnish + scaling &

one another. There were

intervention could

root planning every 6

no one-on-one sessions.

not be compared

Seattle, USA

months

due to sample size

(Mariño,

Greek

Evaluate the

Quasi-

Oral health promotion

The seminars were

Mixed

Calache,

Age 55-88 years

effectiveness of a

experimental

programme, ORHIS (Oral

carried out in groups of

- Knowledge on

Wright, et

Control, n=182,

community-based

design with a

Health Information

8-10 people, lasting

periodontal health

al., 2004)

Intervention,

oral health

pre-test-post-

Seminars/sheets) consists

between 20-25 minutes

improved in Greek

n=192

promotion

test non-

of 3 components: oral

per session. The series of

participants

programme

equivalent

health seminars, provision

discussions on oral

attending

Italian

implemented in a

control group

of relevant oral care

health topics were over a intervention

Age 55-91 years

range of Greek and

with no

products and oral health

6-month period,

(p<0.05)

Control, n=181

Italian social clubs

intervention

information sheets. 9

consisting of 9 oral

- Knowledge on

sessions.

health sessions offered

periodontal health

fortnightly facilitated by

and oral cancer

2 bilingual research

improved in Italian

assistants (no dental

participants

background).

attending

Intervention,
n=179
6-month
Greek and Italian
social clubs

follow-up

Health Belief Model

intervention
Melbourne,

(p<0.001)

Australia

- Knowledge on
dental caries did
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not increased in
Italian participants
- Significant
improvement in
oral health
attitudes in both
intervention
groups (p<0.05
Italians, p<0.001
Greeks)
- Physical health
improved in Greeks
(p<0.001) but not
in Italians
- No differences in
mental health
component and
quality of life pre

205

and postintervention
- Self-reported
flossing increased
more significantly
in intervention
group but not in
toothbrushing
- Use of dental
services increased
significantly among
the Italian group
(p<0.05)
(Hakuta,

Mean Age 75 years

Mori,

Provide an oral

Pre-test post-

Oral function promotion

The sessions were

Yes

function

test design 2

programme – 2 sessions per carried out in groups of

- All oral health

month = 6 in total

10-15 people and were 2

status variables

Ueno, et

Independent

promotion

group quasi-

al., 2009)

females

programme for the

experimental

hours long. The contents

significantly

independent

design

of the programme were

improved in the

knowledge of oral health

intervention group

2 groups

elderly and
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Control, n= 79

evaluate the

3-month

and function, physical

(p<0.01) and not in

Intervention, n= 62

changes in oral

follow-up

exercises for promoting

the control group

health status and

oral function such as

- Significant

oral function

facial muscle and tongue

improvement in

exercises and salivary

oral function in the

gland massages carried

intervention group

out by 2 dental

(p<0.01)

12 Senior citizen
activity centres
Tokyo, Japan

hygienists
(Mariño,

Mean Age 72 years

Calache, &

Evaluate the

A quasi-

Oral health promotion

The seminars were

Mixed

effectiveness of a

experimental

program, ORHIS (Oral

conducted in small group - Intervention

Morgan,

Active,

culturally

design with a

Health Information Seminar

format of 6-8 (single-sex) group had a

2013)

independently

appropriate,

pre-test-post-

sheets) consists of 4

persons. The seminars

significantly higher

living

customised,

test non-

components: oral health

consisted of a series of

self-efficacy score

community-based

equivalent

seminars, oral health

ten 20-minute sessions

compared to the

2 groups

oral health

control group

information sheets, 4 one-

on oral hygiene and oral

control group,

Control, n=70

promotion

with no

to-one oral hygiene

health education.

p<0.001

Intervention, n=74

program based on

intervention

sessions and provision of

Two sessions were

- No significant

a cognitive

relevant oral health

organised on a topic and

effects were

behavioural

products

conducted by a research

evident in plaque
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10 Italian social

approach to

clubs

gingival health and
oral hygiene of

assistant with no dental

index before or

Social Cognitive Theory –

background. The oral

after intervention,

self-efficacy

hygiene sessions

p>0.05

Melbourne,

Italian older adults

consisted of four 10-

- Those in the

Australia

living in Melbourne

minute practical oral

experimental

hygiene session in front

group were

of a mirror. The whole

significantly more

Intervention stage lasted

likely to have

16 weeks.

improved gingival
health than those
in the control,
group, p<0.01
- Self-reported
flossing
significantly
increased in the
intervention group
but no differences
were observed in
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toothbrushing
frequency

(Ohara,

Mean Age 73 years

Yoshida,

Evaluate the

Randomised

90-minute oral health

The program consisted

Mixed

effectiveness of an

controlled trial

education program every 2

of lectures, oral hygiene

- Unstimulated

weeks for 3 months

instruction, oral

salivary flow rate,

Kono, et

Xerostomia

educational

al., 2015)

patients

program targeting

3-month

functional exercise and

the second and

the improvement

follow up

salivary gland massages

third swallowing

2 groups

of oral function

carried out by

times, and taste

Control, n=17

including

experienced dental

sensitivity for

Intervention, n=21

salivation, taste

hygienists

bitterness were

Training room at

sensitivity and

significantly

pronunciation

improved (p<0.05)

the Institute of

through the

Gerontology

intervention
program.
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Tokyo, Japan

- Improvements
were not seen in
subjective
evaluation
(xerostomia or selfrated masticatory
ability or quality of
life) nor other taste
sensitivity test, oral
pronunciation or
occlusal force

(Mariño,

Age 59-77 years

Marwaha,

Develop and

Outcome

Web-based e-learning

The intervention was

Yes

evaluate the

evaluation

platform – 10 e-ORHIS (Oral

carried out in groups of

- Statistically

Health Information

10-12 people at a time.

significant

& Barrow,

Functioning

impact on an

using a 1

2016)

independently

interactive Web-

group pre-test- Seminars/sheets)

The first 6 presentations

improvements

1 group, n=47

based oral health

post-test

took place over 10

in oral

promotion

quasi-

weeks. The average time

health knowledge,

taken on each module

p<0.0001

program

presentations
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Public Library and

experimental

Social Cognitive Theory –

was 27-38 minutes. The

- Statistically

community centres

design

self-efficacy

program was facilitated

significant

by trained peer-

improvements in

Melbourne,

educators and therefore

oral health

Australia

did not involve any direct attitude, p<0.01
oral health professional

- Statistically

input.

significant
improvements in
self-efficacy scores
compared to
baseline, p<0.01
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Outcomes
The outcomes of each intervention and the related measures that were used are
outlined in Table 5.3. Four of the six studies evaluated clinical outcome measures;
caries (Powell, Persson, Kiyak, et al., 1999), oral health status and function (Hakuta,
Mori, Ueno, et al., 2009; Ohara, Yoshida, Kono, et al., 2015) and gingival health
(Mariño, Calache, & Morgan, 2013) and, based on Watt et al. oral health promotion
model, were pertinent to improving ‘health and social outcomes- morbidity or quality
of life’. The non-clinical outcome measures studied in the oral health promotion
program by Mariño and colleagues were assessed in relation to improving oral health
knowledge, attitude and behaviour and were reflected in the oral health promotion
model as ‘health promotion outcomes – health literacy’ (Mariño, Calache, & Morgan,
2013; Mariño, Calache, Wright, et al., 2004; Mariño, Marwaha, & Barrow, 2016). Due
to the inclusion (and improvement) of use of dental services in Mariño et al. (2006) the
outcome was also categorised as ‘intermediate health outcomes– effective dental
health services’ (Mariño, Calache, Wright, et al., 2004).

Table 5.3 Outcome measures for selected studies
Author

Outcome

Measure

Reference

Type of outcome based

Bias problems etc.

on oral health promotion
model (Fig 5.1)

(Powell,

Development or

Persson, Kiyak,

progression of caries coronal caries: event per 1,000 surfaces per

et al., 1999)

Development or progression of root and

Health and social

- Small effects of the treatment

outcomes – Morbidity

regimens, predicted sample size

year (carious event = surface which has

was inadequate

become carious or has been extracted or

- 32.4% attrition rate

filled)
(Mariño,

Changes in oral

- Oral health knowledge (38-item

Health promotion

- 35% attrition rate

Calache,

health knowledge,

questionnaire with 3 sub-scales on dental

outcomes – Health

- Non-random convenience

Wright, et al.,

attitudes, quality of

caries, periodontal disease and oral cancer)

literacy

sample, self-selecting

2004)

life, oral hygiene

- Oral health attitudes including practices

practices and use of

and use of oral health services (7-item

Intermediate health

- Evaluation involved only the

dental health

questionnaire)

outcomes – Effective

first 4 of the 9 sessions

services

- Quality of life (short version Oral Health

dental health services

Impact Profile, OHIP-14)

- Some self-reported data

- Physical and mental health (validated
Short-Form 12 and self-assessment
summary scores)
(Hakuta, Mori,

Changes in oral

- Oral health status: tongue coating score

Health and social

- Some significant differences in

Ueno, et al.,

health status and

(area 0-3, thickness 0-3), oral malodour

outcomes – Morbidity or

initial medical health status and

2009)

oral function

measurement (5-item scale) and clinical

quality of life

chewing ability between

assessment of tongue dryness (3-item scale)

intervention and control group,

- Oral function: salivary flow rate (mm),

which may affect overall

tongue functional performances (times),

improvement after 3 months

pronunciation sound (times), voice sound

- Female only, males excluded

(3-item scale) and food debris in the oral

from analysis due to small

cavity (4-item scale)

proportion
- No randomisation indicated
- Little problems in oral function
at baseline
- 25% attrition rate
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(Mariño,

Changes in self-

- Self-efficacy (8 items, 5-scale)

Health promotion

- Toothbrushing was already

Calache, &

efficacy

- Oral health clinical outcomes (gingival

outcomes – Health

high at pre-test

Morgan, 2013)

Improvement in

index and plaque index, both 3-scale)

literacy

- Self-reported outcomes on oral

clinical outcomes

- Self-reported frequency of brushing and

(gingival bleeding)

flossing (5-scale)

hygiene practices
Health and social

- Unknown attrition rate

outcomes – Morbidity

- Plaque index can be influenced
by brushing immediately before
recording
- Plaque index not mentioned in
objectives/outcomes
- At baseline, those in control
group had significantly higher
self-efficacy scores than those in
the intervention group

215

(Ohara,

Changes in oral

- Oral function: salivary flow rate (g/min),

Health and social

- 19 participants per groups

Yoshida, Kono,

function

taste sensitivity (five taste tests across 8

outcomes – Morbidity or

were needed to detect

concentration levels), self-related

quality of life

significant differences

et al., 2015)

masticatory ability (25-item questionnaire),

- 9 did not complete the

degree of xerostomia (visual analogue scale,

program

0-100), pronunciation (repetitions per

- No mention of blinding

second) occlusal force (Newtons), repetitive
saliva swallowing test (seconds), general
oral health assessment index (12 items, 5scale)
(Mariño,

Oral health

- Oral health knowledge (38-item

Health promotion

- Self-reported oral health attitudes

Marwaha, &

knowledge and self-

questionnaire with 3 sub-scales on dental

outcomes – Health

- No control

Barrow, 2016)

efficacy

caries, periodontal disease and oral cancer)

literacy

- Relatively small sample

- Oral health attitudes (6-item
questionnaire)
- Self-efficacy (8 items, 5-scale)

- 33% attrition rate
- Convenience sample
- No formal evaluation for
remaining 4 presentations
- Quiz could be re-attempted as
many times as required
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Discussion
This review intended to identify oral health interventions in community-living older
adults and explore the different outcomes used to measure oral health. Two out of the
six included studies in this review focused on improvements in oral function with
educational lectures and oral function exercises with some success (Hakuta, Mori,
Ueno, et al., 2009; Ohara, Yoshida, Kono, et al., 2015). Only one study used a clinicalonly outcome (caries increment) to compare the effect of different preventative
strategies of an educational seminar with and without chemotherapeutic agents with
no success (Powell, Persson, Kiyak, et al., 1999). The other three studies focused on
effectiveness of an oral health promotion programme using different outcomes:
knowledge, attitudes, quality of life, oral hygiene practices and use of dental health
services (Mariño, Calache, Wright, et al., 2004); short-term clinical outcomes (gingival
and plaque index) and self-efficacy (Mariño, Calache, & Morgan, 2013); and oral health
knowledge and self-efficacy (Mariño, Marwaha, & Barrow, 2016).
All of the interventions are based around an educational aspect and support principles
of ‘Geragogy’, the theory that older adults are a highly heterogenous group and hence
need potentially different approaches compared to other populations (John, 1988).
One study carried out the educational seminars in a clinical setting (Powell, Persson,
Kiyak, et al., 1999), whereas the other studies were in community-settings. The
programmes that incorporated flexible participative strategies which are culturally
located and delivered through existing community networks such as health, welfare
and community ageing showed some success. For example, Mariño et al. (2016)
conducted multiple sessions every week to allow optimal attendance and repeated
some sessions to allow some slower participants to catch up (Mariño, Marwaha, &
Barrow, 2016). An additional benefit of using existing facilities, such as senior centres,
may stimulate participants to up-take such programmes and, in turn, improve social
well-being, participation and functioning of older adults (Bryant, Altpeter, & Whitelaw,
2006).

Most of the studies reviewed showed an improvement in their outcome measures no
matter what design, sample size, follow-up period and interventional variables were
used. Furthermore, due to the small number of studies yielded from the search, it is
difficult to determine which study achieved pre-eminence in improving oral health.
Measuring clinical outcomes – ‘health and social outcomes: morbidity’- would
ascertain definitive oral health improvement. However, in this review, four included
studies evaluated different clinical outcomes and each presented unique limitations.
Mariño et al. (2013) measured gingival and plaque index to evaluate short-term
effectiveness of the intervention program and a longer follow up period would be
needed to see if the changes were sustained. Furthermore, plaque levels do not
necessarily indicate oral health status of an individual as it could have been modified
by oral hygiene behaviour shortly before the examinations were conducted (Mariño,
Calache, & Morgan, 2013). Powell et al. (1999) measured a longer-term outcome,
caries development/progression over a three-year period and consequently had small
effects of intervention groups due to attrition and inadequate sample size (Powell,
Persson, Kiyak, et al., 1999). Hakuta et al. (2009) used clinical measures for oral health
status and oral health function and Ohara et al. (2015) measured solely oral function
(Hakuta, Mori, Ueno, et al., 2009; Ohara, Yoshida, Kono, et al., 2015). Both studies
undertook comprehensive assessments requiring certain apparatus and equipment
which may not necessarily be feasible in some community-settings. The latter study
recruited participants with xerostomia, and although unstimulated salivary flow rate
increased in the intervention group, the subjective measure of xerostomia did not
improve. The disconnect between objective and subjective measures of oral health
provides a challenge in the effectiveness, from the participant perspective, of the
programmes and brings into question the clinically meaningful effect of such changes
in outcome measures.
There were 3 studies in this review that did not measure any clinical outcomes but,
instead, primarily evaluated changes in oral health knowledge, attitudes and
behaviours (Mariño, Calache, & Morgan, 2013; Mariño, Calache, Wright, et al., 2004;
Mariño, Marwaha, & Barrow, 2016). These proxy outcomes measures were classified
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as ‘health promotion outcomes: health literacy’ in the oral health promotion model
(Table 5.3). Health literacy is an encompassing concept and has been defined by the
Institute of Medicine (US) as:
“The degree to which individuals have the capacity to obtain, process and
understand basic health information and services needed to make appropriate health
decisions” (Institute of Medicine (US) Committee on Health Literacy, 2004).
Despite this, these studies did not use tools to directly measure health or oral health
literacy, but instead two studies used a validated self-efficacy tool which has
previously correlated with changes in oral health behaviours over time in older adults
(Kiyak, 1996; Mariño, Wright, Minichiello, et al., 2005). However, measures used in
health promotion, such as self-efficacy, are reliant on self-perception and selfreporting, so it must be recognised that actual practice will not necessarily follow. The
use of validated tools helps to standardise assessments of such outcomes so
effectiveness of programmes can be compared (McGrath, Zhang, & Lo, 2009).
Conclusion for Further Research
The lack of validated outcome measures found in this review suggests a gap in the
literature to capture the oral health of older adults in a meaningful way. More
recently, development and validation of an oral health literacy tool has been carried
out in community-living older adults in both Thailand and United States and has been
linked to clinical oral health outcomes such as number of decayed teeth
(Wanichsaithong, Goodwin, & Pretty, 2018b, 2018a). Further exploration of this as an
outcome-measure of oral health in older adults may be useful in evaluating
community-based interventions.
Overall, the positive impact of an oral health education programme on knowledge,
attitude and behaviour was consistent with results of two systematic reviews (Ghaffari,
Rakhshanderou, Ramezankhani, et al., 2018; Nakre & Harikiran, 2013) which focussed
on effective oral health education interventions in other populations. Furthermore,
219

undertaking community-based programmes via group-learning sessions, followed by
printed oral health information, garnered high participant involvement.
Mechanisms for change look promising in developing oral health interventions.
However, due to the multi-faceted nature of the evaluation, it cannot be concluded
that studies which did not report a specific mechanism were any less effective than the
ones that did. To enhance the evidence-based approach, further qualitative
involvement is needed to guide the activities and content of an intervention to be
tailored towards the participants own goals and needs (Mariño, Wright, Minichiello, et
al., 2005).
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Foundation and Summary of Chapter 6
During the course of the PhD program, the researcher (KMcK) learnt of Oral Health
America (OHA), a non-profit organisation based in Chicago who held previously
collaborations with the supervisor (IAP). Following the successful school-based
prevention programs, Smiles Across America, OHA focussed their efforts onto
community-dwelling seniors called the Wisdom Tooth Project. One of the initiatives
was a new oral health education workshop for older adults, ‘Tooth Wisdomâ: Get
Smart About Your Mouth’. The curriculum was developed by a geriatric dentist and
health educator and the workshops were delivered by trained dental hygienists in
settings where older adults naturally congregate, for example senior centres, libraries
or places of worship.
The workshop first launched in the Chicago area in 2014 and then expanded in five
pilot states in 2016, where 145 hygienists were trained and had been delivered to over
1300 participants. It was at one of the pilot schemes, in April 2016, when KMcK first
attended a facilitator training session with a group of hygienists in Michigan and
became involved with the development of the workshop.
With ongoing interest and support from the pilot’s Aging Service Organization partners
and curriculum-trained registered dental hygienists, the goal was to further extend the
availability of the workshop. Therefore, the curriculum needed to be reviewed,
modified and improved, incorporating feedback from the older adult participants to
inform the suitability before a formal evaluation for larger-scale implementation.
This chapter builds on aspects from the scoping review (Chapter 5), learning from
community-based oral health educational interventions in older adults to optimise the
workshop by incorporating the views of older adults.
Author’s contributions:
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This section was written by KMcK and was reviewed with contributions by IAP and MG.
OHA were involved in the logistics of workshop implementation, delivery of workshop
and assisted with data collection.
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Abstract
Background: There was an existing community-based oral health workshop that had
been delivered in America under the pilot phase. The workshop takes an educational
format to inform older adults of important oral health messages and has previously
undergone pre-post testing in a pilot phase. Before further implementation, it is
necessary to incorporate the perspectives of older adults to ensure the content and
delivery is appropriate.
Methods: Participants that had already signed up to the oral health workshop were
invited to take part in the evaluation of the workshop. A combination of quantitative
and qualitative data collection was used – pre-post measures testing knowledge
regarding oral health messages, feedback forms and focus groups discussion. Quotes
from the focus groups were used to illustrate improvements in oral health knowledge
(pre-post test questions) and support findings in the feedback forms in an attempt to
triangulate the data. Content analysis was used to analyse the transcript.
Results: 27 participants across 3 sites attended the workshop; 16 of whom stayed to
take part in the focus groups. There was significant improvement in knowledge using
the pre-post test questions, p=0.003, despite a high initial score (mean of 7.7 out of
10). The workshop was deemed an appropriate duration and an improvement in
confidence in managing their own oral health was reported after attending the
workshop. The focus groups added detail to the feedback forms with regards to
relevance and retention of oral health information (including risk factors) in the
workshop. Participants were also keen to discuss barriers to dental service utilisation,
in particular finance and insurance issues.
Conclusion: Overall, the workshop content and delivery showed good acceptability
among attendees. In order to effectively evaluate the workshop in terms of oral health
improvement, the oral health knowledge questions should better reflect the important
oral health messages in the workshop and other oral health outcome measures should
be tested.
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Introduction
Dental disease is largely preventable, however the presence of extensive dental caries,
periodontal disease and tooth loss among older adults indicates that the ageing
population lacks access to, or fails to, use interventions that are effective in preventing
and controlling oral disease (Griffin, Jones, Brunson, et al., 2012; Rozier, White, &
Slade, 2017). Considerable barriers to oral health care among older people include, but
are not limited to; lack of perceived need, fear of dental procedures, limited access
and availability of dental care services and cost (Borreani, Jones, Scambler, et al., 2010;
Borreani, Wright, Scambler, et al., 2008; Chideka, Klass, Dunne, et al., 2015). In the
United States, dental benefits are an important driver of dental care use. The lack of
dental service coverage under the national public health insurance program
(Medicare) have left many seniors unable to afford any dental care. While Medicaid
exists as a federal-state partnership to provide health coverage for low-income older
adults, there are no minimum requirements for providing dental coverage (American
Dental Association, 2017a; Centers for Medicare & Medicaid Services, 2013; Nasseh
& Vujicic, 2016a). Inadequate dental coverage coupled with insufficient Medicaidcontracted dental provider availability and individual barriers (such as transportation,
physical access and cost of required co-payments) contribute to reduced dental care
service utilisation. The gap in dental care use between low-income (below the poverty
line) and high-income (more than four times the poverty line) older adults has
widened in the recent years. Analysis of the Medical Expenditure Panel Survey
reported 60.3% of high-income seniors visited a general dentist in the past year
compared to only 22.3% of low-income seniors (American Dental Association, 2017b;
Nasseh & Vujicic, 2016b).
Psychosocial variables such as beliefs, attitudes, self-efficacy and social support of
older adults are impacted by socio-economic status, and have shown to be important
predictors of dental service use (Friedman, Kaufman, & Karpas, 2014; Kiyak &
Reichmuth, 2005). These factors, along with advances in materials and methods for
home-based oral hygiene, highlight the importance of developing community
programs to educate the elderly prevention and control of oral disease.
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Most of the published literature on community-based oral health improvement
programmes for older adults are based in care homes (Public Health England, 2018).
Older adults living independently are even more of a challenge to identify and reach
with any programme or intervention and these, in turn, are more complex and difficult
to evaluate, as found in Chapter 5. The research evidence in the scoping review to
support community-based oral health interventions in older adults was mixed, but
suggested that facilitator-led group sessions may be effective translating oral health
knowledge and awareness into practice. Local oral health promotion initiatives that
exist as early-stage feasibility pilots and have not publicly disseminated their findings
were not discovered in the scoping review search.
In the United States, ageing networks can receive funds under the Older Americans Act
for disease prevention and health promotion activities. Health promotion has become
an important means of improving older adults’ behaviours in a variety of areas,
including exercise, weight loss, management of diabetes, and hypertension
(Golinowska, Groot, Baji, et al., 2016). In order to achieve national implementation,
the programs must undergo a rigorous evidence-based criteria to ensure successful,
long-term integration (Administration for Community Living, 2019).
Oral health problems in older adults usually involve significant social and cultural
factors and require many resources and partners to successfully tackle the issues.
Furthermore, building linkages with partners can provide more public recognition and
visibility, leverage resources to expand the scope and range of services, help provide a
more comprehensive approach to programming and, perhaps most importantly, avoid
duplication of services and fill gaps in service delivery (Association of State and
Territorial Dental Directors, 2000, 2008). NICE advises that, if used at the start,
community engagement can aid the planning, development and management of
services as well as activities which aim to improve health or reduce health inequalities
and may improve the appropriateness, accessibility and uptake of services as well as
impact on people’s health literacy and self-efficacy (National Institute for Health and
Care Excellence, 2016).
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An existing oral health program
Integrating oral health education into the older adult community and curriculum is an
important objective and the purpose of this paper is to optimise the development of
an existing oral health initiative in the Chicago, Illinois, called ‘Tooth Wisdomâ: Get
Smart About Your Mouth’. Bringing together existing networks in the State, the
program was implemented by ageing partners and the state oral health coalition and
then delivered by trained registered dental hygienists in location where adults
naturally congregate, Figure 6.1.
Figure 6.1 Implementation model of the oral health workshop
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The dental hygienists were trained to educate community-dwelling older adults to
empower them with knowledge and build self-efficacy to care for their oral health. The
workshop covers the basics of daily oral care and takes a ‘symptoms-first’ approach
with helping older adults understand what to do when they experience certain health
problems that hinder their ability to complete daily oral hygiene. Furthermore, it
encourages older adult participants to recognise that prevention is critical at all ages.
In 2014-16, the workshop was implemented across 5 pilot states. The content of the
workshop was developed by a geriatric dentist and a health education specialist and
reviewed by an interdisciplinary advisory committee and was designed to be easily
understood by older adults with a conversation rather than technical approach. The
workshop was designed to be delivered in one session and consisted of a presentation,
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demonstration of good oral hygiene practice, participants completing a pre/post oral
health knowledge assessment and a ‘goody bag’ of oral hygiene products and list of
resources within their community and tip sheets. The manner of delivery is as
important as the content and therefore there is a need to incorporate the views of
older adult participants for successful implementation. Furthermore, it is important to
establish that the quality and content of the programme accurately reflects the need
of the community it served.
Aim
To obtain a more comprehensive understanding of the community-based program, a
triangulation of data approach was undertaken to assess participant’s view about the
format, content and delivery of the oral health workshop, as well as the relevance and
appropriateness of the information provided (Carter, Bryant-Lukosius, DiCenso, et al.,
2014). The anticipated goal of this study was to apply the descriptive evidence
gathered through the analysis of oral health knowledge questionnaires, curated
feedback forms and focus groups to optimise the content and delivery of the workshop
and identify any other themes that may arise from carrying out the qualitative pieces.
Methods
Ethical approval
This project obtained ethical approval from The University of Manchester Research
Ethics Committee (Reference number: 2017-0106-2408).
Setting and participant recruitment
The target population were older adults live independently in the community in
locations around the City of Chicago. The logistics of the study was determined by the
list of upcoming pre-arranged oral health workshops, scheduled to take place in the
local area. The study was conducted at three different locations and facilities in a
western suburb of Chicago, Illinois from 21st to 23rd August 2017; two were affordable
independent senior living accommodation (Location 1 and 3) and one was an assisted
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living facility (Location 2). Study information sheets and poster advertisements were
displayed at the workshop locations to invite participants before the study was
schedule to begin. Inclusion criteria were those aged 60 years old or older at the date
of attending the study and had to be able to understand, read and write in English
language without any assistance.
On the day of the study, informed consent was obtained from the participants. Prior to
the start of the study, each location gave an estimated number of anticipated older
adults (Location 1 »12-20, Location 2 »10-15, and Location 3 »20-30 anticipated).
However, any older adults that expressed an interest to take part on the day were not
refused participation, providing they met the inclusion criteria. After the workshop,
and with prior consent, the researchers expected a smaller group of 6-8 older adults to
stay and take part in a focus group discussion.
Oral health education workshop
The workshops in each of the three locations were delivered by the same trained oral
health facilitator, a dental hygienist at the local county health department. The
delivery of each workshop was a slideshow presentation projected onto a screen or
plain white wall. The workshop also included activities to demonstrate oral care
practices and opportunity for participants to ask specific questions. Each workshop
lasted between 45-60 minutes. Participants that attended the workshop received a
free toothbrush and toothpaste contained in a ‘goody bag’ with information on how to
access low-cost local dental care.
Data collection and analysis
There were two types of data collected by different methods – the quantitative data
were collected via questionnaires and the qualitative data was collected via focus
group discussion.
Participant characteristics: Prior to the workshop, all participants completed a
demographic questionnaire, collecting information on; age, ethnicity, sex, previous
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dental service utilisation and health insurance information and were reported using
frequency and percentages.
Oral health knowledge questionnaire: Ten questions were developed and used in the
initial pilot-phase of the workshop to reflect key oral health messages covered in the
workshop content (Table 6.3). Before attending the workshop, the participants
completed the questionnaire (pre-test) and then repeated the questionnaire
immediately after attending the workshop (post-test). Analysis of these oral health
knowledge questionnaires included percentage of correct answers for each question
and a paired-sample t-test was carried out to compare differences in pre- and posttest scores, significance was regarded as p<0.05 (2-sided).
Feedback forms: The feedback forms were short (five questions) and were developed
to broadly assess the participants’ perspective on the content and delivery of the
workshop (Appendix B). Likert scales were used to encourage definitive measures of
overall rating and duration of the workshop. Open ended questions were included to
obtain recall of oral health information and any impact it may have on the individual,
such information may not be captured in the pre-and post-test data or focus groups.
Frequency of answers from the feedback form were reported in a descriptive manner.
Focus group: The focus groups were conducted using a prepared focus group
guideline, developed by the researcher (KMcK), the facilitator and creators of the
workshop. There were five main topics addressed in the guide surrounding the
acceptability and accessibility of the workshop, perceptions of oral health messages in
the workshop, barriers to managing own oral health and future workshop
development ideas, Table 6.1.

237

Table 6.1 Topic guide and questions for focus group discussion
I. Acceptability of workshop

II. Accessibility of workshop

III. Acquisition and perceptions of
oral health knowledge
information

IV. Barriers of oral health care
behaviour and service utilisation

V. Future workshop development

What aspects of the workshop did you
enjoy/not enjoy?
How well were you able to follow along?
Why did you attend today’s workshop?
In what ways could we increase workshop
attendance?
What did you find most important from the
workshop?
Was there any information that surprised you or
that you were not aware of?
Is there anything you might change or do
differently as a result of today’s workshop?
What are your concerns about (your) oral
health?
What makes managing your oral health
difficult?
Was there any topics that you think we missed
that you would have liked more information on?
What are your thoughts on this single workshop
in the form of multiple different
workshops/modules? (Note: how would a
longer-term oral health curriculum be
received?)

The focus groups were carried out by the researcher (KMcK) after the workshop in the
same room but without the presence of the facilitator to ensure the participant’s felt
comfortable expressing honest views. The focus groups were recorded using a digital
voice recorder and transcribed by the researcher (KMcK) as soon after the focus group
as possible, where possible non-verbal features of interactions were also captured.
Content analysis was used to analyse the transcripts through an inductive approach–
approaching it with little or no predetermined theory, structure or framework and
used the data itself to drive the structure of the analysis (Burnard, Gill, Stewart, et al.,
2008; Elo & Kyngäs, 2008; Lathlean, 2015). A traditional approach to reporting was
then carried out by reporting key findings under each topic using appropriate verbatim
quotes to illustrate those findings and labelled by gender (M/F) and Location (1, 2 or 3)
of the participant.
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Results
Participants demographic
27 older adults across three different locations attended the ‘Tooth Wisdom: Get
Smart About Your Mouth’ workshop in August 2017. The three locations consisted of
two independent senior living facilities (Location 1 and 3) and an assisted living facility
(Location 2). Table 6.2 gives an overview of the demographics of the participants.
There was more of a spread of demographic variables (age, ethnicity, sex and last
dental visit) in Location 1 compared to the other two settings. Overall, the majority of
the participants were female (85.2%) and White/Caucasian (77.8%). 17 out of the 27
(63.0%) participants had attended the dentist within the previous year, 3 had visited
within the last 1-2 years and 7 participants (25.9%) had not attended the dentist for
over 2 years.
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Table 6.2 Overview of participants attending the workshop
Participant Characteristics

Location 1

Location 2

Location 3

Overall %

(n=7)

(n=8)

(n=12)

N=27

60-69

2

-

1

11.1%

70-79

4

2

7

48.2%

80+

1

6

4

40.7%

White/Caucasian

2

8

11

77.8%

Black/African American

1

-

1

7.4%

Asian and Other

4

-

-

14.8%

Female

5

8

10

85.2%

Male

2

-

2

14.8%

Last dental

<1 year

4

8

5

63.0%

visit

1-2 years

-

-

3

11.1%

>2 years

3

-

4

25.9%

Reason for

Regular check-up

1

8

5

51.9%

last dental

Restorative treatment
(filling, crown)
Denture-related
(repair, receive)
Emergency (pain)

-

-

2

7.4%

3

-

3

22.2%

1

-

1

7.4%

Does not remember

2

-

1

11.1%

Health

None

1

-

-

3.7%

insurance

Medicaid

1

-

2

11.1%

- Participants
can receive
more than
one type of
health
insurance

Medicare

6

7

12

92.6%

Private Medical
Insurance
Private Dental
Insurance

1

-

3

14.8%

1

1

-

7.4%

Age group

Ethnicity

Sex

visit
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Oral health knowledge: pre-test post-test data
Out of the 27 participants, 26 completed the pre-test and 26 completed the post-test,
overall 25 participants had completed both the pre- and post-test questions from the
workshop. The analysis of the pre- and post-test knowledge scores for each location
are presented in Table 6.3.
Table 6.3 Pre- and post-test scores of participating seniors
Pre-test

Post-test

Location 1

Number of Mean score
participants (SD)
n=6
8.3 (2.2)

Number of
participants
n=7

Mean score
(SD)
8.6 (2.2)

Location 2

n=8

7.4 (2.3)

n=8

9.0 (1.2)

Location 3

n=12

7.8 (1.6)

n=11

8.7 (1.0)

Total

n=26

7.8 (1.9)

n=26

8.8 (1.4)

Adjusted Total
(matched pairs)

n=25

7.8 (1.9)

n=25

8.7 (1.4)

A paired sample t-test was carried out to compare the adjusted pre- (7.8) and posttest (8.7) scores of the study population; there was a mean difference in scores of
0.96 and there was a significant difference in the pre- and post-test knowledge
scores, t(24)=3.294, p=0.003 (two-tailed).
The ten oral health knowledge questions and corresponding correct answers are
shown in Table 6.4, including the proportion of correctly answered questions by the
participants at baseline (pre-test) and after the workshop (post-test).
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Table 6.4 Pre-test and Post-test analysis of oral health knowledge questions
Question + Correct Answer
Q1 Tooth loss is a natural part of ageing
- False
Q2 Some medications can cause dry mouth
- True
Q3 Brushing my tongue will cause bad breath
- False
Q4 I need to clean between my teeth
- True
Q5 Dentures need to be removed before bed
- True
Q6 The health of my mouth affects the health of my
body
- True
Q7 For how long should I brush my teeth?
- 2 minutes
Q8 Mouthwash can be used instead of brushing and
flossing
- False
Q9 Fruits and breads have hidden sugars that can
cause cavities
- True
Q10 Oral cancer can affect older adults
- True

Baseline
% correct
32%

Post-workshop
% correct
56%

96%

92%

92%

92%

96%

100%

68%

92%

88%

100%

76%

72%

84%

92%

76%

92%

68%

84%

At baseline pre-test, the participating older adults were generally knowledgeable
(³76% correct) about the oral health messages such as medications and dry mouth,
brushing behaviour, interdental cleaning, linking oral health to whole body health,
using mouthwash as adjunct and hidden sugars (diet). However, there were initial poor
levels of knowledge around tooth loss and ageing (Q1), denture care (Q5) and oral
cancer (Q10). Knowledge regarding denture care at baseline was answered correctly
in 68% participants and increased to 92% after the workshop. Despite a large
improvement in the tooth loss and ageing question (Q1), it was only answered
correctly in 56% of post-test answers. On the other hand, all participants correctly
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answered questions on interdental cleaning (Q4) and overall health (Q6) in the posttest.
At the post-test, participants were asked to report on their confidence after
attending the workshop; all but 1 participant (who reported they were not sure)
reported an improved confidence in managing their oral health.
Delivery of workshop – feedback forms
The feedback forms reflected the perspective of the participants views on the
workshop. With regard to the participant acceptability of the workshop, Figure 6.2
indicates the responses to the questions, ‘How would you rate the workshop?’ and
‘How would you rate the duration of the workshop?’. The participants rated the
workshop using a 5-point Likert scale (Very Good, Good, Fair, Poor and Very Poor),
the results of which are shown in Figure 6.2. 24 out of 27 participants rated the
workshop ‘Very Good’ and 3 participants rated it ‘Good’.
Figure 6.2 Reponses to feedback form questions regarding workshop acceptability
How would you rate the workshop? (n=27)
- Very Good: 24
- Good: 3
- Fair: 0
- Poor: 0
- Very Poor: 0
How would you rate the duration of the workshop? (n=27)
- Too Long: 0
- Appropriate: 27
- Too Short: 0
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Regarding the length of the workshop, the participants were asked to rate the
duration using a 3-point scale (Too Long, Appropriate or Too Short), and all 27
participants rated the duration as ‘Appropriate’.
Content of workshop – feedback forms
The following questions in the feedback form were pertinent to any changes to their
oral care routine the participants may make following the workshop (Figure 6.3), and
oral health messages they could remember (Figure 6.4).
Figure 6.3 Responses to feedback form question: ‘As a result of today's workshop, is
there anything you might change with your oral care routine?’

Brush teeth twice a day for 2 minutes
Clean between teeth
Reduce intake of sugary foods and drinks
See a dental professional regularly
Other
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Number of participants
Location 1

Location 2

Location 3

Out of the four recommended oral care routines listed on the feedback forms (Figure
6.3), between 12 and 15 participants suggested they would implement changes in at
least one of these areas after attending the workshop. The one respondent who
selected they might make an ‘Other’ change specified they would be ‘looking at
replacing and looking after (my) dentures’.
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Figure 6.4 displays the number of risk factors that the participants could recall after
attending the workshop. Overall, 11 participants did not list any oral health risk
factors from the workshop, 5 participants remembered one risk factor, 4 participants
remembered two risk factors, 5 participants remembered three and 1 participant
remembered four risk factors.

Number of risk factors remembered from
workshop

Figure 6.4 Results from feedback question: ‘From the workshop, can you remember
and list any risk factors the can lead to oral health problems?’
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Open written comments to the question regarding the risk factors that were recalled
mainly revolved around oral hygiene practices such as ‘improper brushing’, ‘not
removing dentures at night’, ‘not cleaning dentures’, and ‘not flossing’, ‘forgetting to
clean in between teeth’. Only one participant recalled dietary habits, ‘too much
sugar’, as a risk factor. Other modifiable risk factors listed were ‘smoking’, ‘not
attending the dentist’ as well health-related risk factors; ‘having diabetes’ and
‘medications’.
The final question on the feedback form asked the participants if they were
additional oral health topics they would like to learn about. There were five
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suggestions written in the open comments; two were related to general health and
medication conditions, ‘links to heart health’ and ‘adverse effects of certain
medication when taken long term’, two were directly related to oral hygiene
behaviours, ‘how to prevent deterioration of tooth loss’ and ‘causes of bad breath’,
and one comment was related to dental phobia, ‘preparation and overall dental
fear’.
Focus group data analysis
Fourteen of the attendees consented to participate in the focus groups with 6
participants (2 Male, 4 Female) in the first location, 4 participants (4 Female) in the
second location and 6 participants (1 Male, 5 Female) in the third location.
The duration of the focus groups in both Location 1 and 3 was approximately 30
minutes and Location 2 focus group only lasted for approximately 15 minutes.
The focus group results are described under the five topics as set on in the topic
guide and questions (I-V) from Table 6.1.
I.

Acceptability of workshop

There was overall agreement with the feedback forms that the older adult participants
found the workshop acceptable, including the slideshow content delivery:
“It was really nice, I liked the presentation format” (F2 L1)
“Every point was simple to read and was easy to follow” (F1 L2)
In particular, there were positive comments surrounding the facilitator-participant
engagement aspect of the workshop:
“Yeah, the hands on, everything was real [sic] good” (F3 L2)
“I liked the samples passes round” (F2 L3)
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Participants in Location 3, the larger of the three workshops, highlighted the duration
of the workshop was acceptable to them:
“Didn’t feel like an hour” (M1 L3)
“Yeah, a very reasonable time”’ (F5 L3)
Participants in all locations did not suggest any aspects of the workshop that they did
not enjoy.
II.

Accessibility of workshop

The oral health workshop was free for older adults to attend at their facility and was
advertised using posters and included in their weekly schedule of activities. Having
no costs associated with attending and provision of refreshments were listed as
reasons why some of these participants attended the workshop:
“All you got to do is put ‘Free!’” F1 L1
“The key word is ‘Free’” (F3 L3) “…and food!” F2 L3
Participants suggested that there were generally low attendance and engagement
issues with activities and workshops arranged at their locations:
“Yeah, this is just a sprinkling of how many people we have” (F4 L2)
“It’s hard to get people to come to stuff here…Y’know it’s really hard here
though people fuss because there’s nothing to do but then they don’t come to
anything” (F2 L1)
“It’s hard, some people forget and change their mind on the day. You can’t do
anything more” (F1 L2)
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Two main barriers were described to help explain the low workshop attendance at
this oral health workshop. The first barrier reported was in relation to dental fear
and the second barrier was associated to specific cultural barriers at their facility:
“When it comes to dental they are afraid of the pain, the shots, they’re in pain –
maybe that’s why they don’t come” (F4 L1)
“There’s several Asians, residents, that are here that need to seek dental care
and if you could reach them… You got [sic] to let them feel comfortable coming
in… the majority of the ethnicity” (F4 L1) “and it’s needed here, it’s really
needed here and an interpreter for Chinese” (F4 L1)
When discussing different approaches to increasing workshop attendance
participants at Location 3 also suggested reaching out to individuals via their letter
box, although hinted that residents were already inundated with this type of circular
communication:
“Maybe you could put a thing in each mailbox or something? ‘cause
something they just get the thing and they just go ‘ok ok’” [dismissive hand
gesture] (F2 L3)
[laughter, noises agreement] “Oh medical stuff” (F3 L3)
This direct method of contact was also suggested by a participant from Location 1
and that including information to empower residents/potential participants to take
control of their own health and social aspects would affect engagement:
“I think it’s a very interesting topic but I think you can get the word out on like
a personal and tell the exactly how they can benefit from this class I think you
would have more participants. But, otherwise, a lot of people just don’t want
to come” (F4 L1)
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“If you can convince them how they would benefit from [inaudible] pain
[inaudible] that their benefit would be to digest their foods, how proper to take
care of themselves and don’t be ashamed to go in public” (F4 L1)
Although another participant suggested that simply receiving treatment at a reduced
fee, alongside the workshop, would help improve future attendance:
“If you offered a cleaning you would get me, and even if you charged a little bit
for it” (F1 L1)
III.

Perceptions of oral health and acquired oral health knowledge
information

These focus group questions intended to explore new information learned from the
workshop that were not captured in the pre- and post-test knowledge questions.
One of the most important aspects of the workshop identified by participants
included resources that signposted low-cost dental care services in the local area:
“I liked the information about where we can go, with the money situation, and
who we could go to…” (F2 L3) …
[sounds in agreement] “Right, made it more personal” (F3 L3)
“I guess you’ve benefitted us by having these resources now that we can go
to” (F4 L3)
Further information recalled were related to the link between oral health and
general health, pertinent to individual experiences:
“But I didn’t know, I had no idea that bad teeth could cause a stroke, but I was
a heavy smoker and high blood pressure which is why I had my first one. But I
didn’t know bad teeth could [emphasis] cause a stroke” (W2 L1)
“Medication and what it can do to our mouths…because dry mouth is awful!”
(F4 L3)
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“Need to look after my teeth cos I have the diabetes [sic]” (M1 L3)
“A lot of things that cause tooth decay that I really, we really, didn’t realise
until it was very important… yoghurts and stuff like that like we have here’”
(F2 L3)
Other important information raised by participants in each location corresponded to
oral self-care activities using generic ‘you’ in second-person pronouns, some examples
are below:
“Brush your gums, brush your tongue…brush!” (F2 L2)
“You should be sipping water to avoid the sugar too much” (F4 L1)
“Well, especially taking care of your dentures and brushing teeth and how long
you just don’t realise that, that means a lot!” (F1 L3)
In response to whether they may change or do anything differently as a result of the
workshop, one participant highlighted a specific behaviour change of that linked to
self-care by replacing their toothbrush after being ill:
“Yeah and to change my brush when I’ve had the flu” (F3 L3)
Participants in Location 1 recognised making changes to their denture care habits was
an important aspect:
“Take my dentures out and still try and see the dentist” (F2 L1)
“That I don’t do, I need to take my teeth out before bed” (F3 L1)
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Furthermore, with denture care issues central to their example, one participant
recognised that having the correct information could empower the residents to
improve self-efficacy:
“So if they won’t come here and get enough people to participate, which is
several people need to be here whose having denture problems cos they’ve
had their teeth taken out and they need to prepare to care for their gums,
before they do the treatment…” (F4 L1)
IV.

Oral health seeking behaviours and oral health service utilisation

The questions for this topic were asked to explore the barriers that the older adults
experienced in managing their oral health. The overarching focus in the discussion with
participants in Location 3 was the financial barriers preventing them from accessing
the dental care they need. The following exchange highlights the cost of treatment was
heavily compounded by lack of appropriate insurance:
“I…have dentures but they don’t fit me right. So, y’know, I can’t afford to go and
have them relined right now…it cost too much money” (F4 L3)
“Y’know as seniors, I mean I personally don’t have any dental insurance, so
when you go to a dentist, I mean it’s like… now I don’t want to say nobody cares
but it’s like you know the situation that we are all in and some of them want all
that money up front. And that’s why seniors don’t go, okay?” (F2 L3)
“I told him (dentist), and I understand now, not to be derogatory, a lot of people
in my building cannot afford teeth and they don’t have them. I said that’s what
the dentist are doing to these people. They can’t get the teeth they need” (F3
L3)
[laughs, inaudible agreement noises] “…and I can’t even afford to have them
cleaned!” (F2 L3)
“You have to forgo your care because you can’t afford it” (F3 L3)
“So financially, y’know, we just can’t go to the dentist like we want to” (F2 L3)
“There’s just no dental insurance for the older people” (F3 L3)
“… well there is, just sometimes you can’t afford it” (F2 L3)
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Upon further discussion, individual examples revealed the disconnect that was
experienced between the dental professional and the patient; the lack of
understanding by the dental professionals themselves meant that dental care for these
older adults was unaffordable:
“[laughs] Well the last time I went to the dentist he just sat there and he didn’t
even look in my mouth because he… yeah…and the hygienist didn’t even clean
my teeth and just sat there and told me how much it was gonna [sic] cost…
$1100 for this… $1100 for that. He lost me!” “– And he had this fantastic new
building with a waterfall’ (F3 L3)
“It’s all about the money!” (F2 L3)
“And then you sit there, ‘I’m on social security’, and they tell you ‘well would
you like implants?’. It’s like, ‘I just told you I’m on social security I gotta 40 point
[sic].. what part of that don’t you understand(!)’ I don’t understand that… ‘Well
its’s only five thousand dollars a tooth’, ‘I told you I’m on social security!’” (F2
L3)
Throughout the discussion, one participant in particular emphasised negative
perceptions of the dentist and the lack of quality patient-centred care:
“… It’s a shame you have to feel that way when you go, it’s not a personal thing
anymore” (F2 L3)
“There’s very few (dentists) that say ‘you know what, here’s a plan, whatever
you give me, as long as your give me something every month’. See now that’s
the kind of person I’d like to go.” (F2 L3)
“I’m telling you if there was a dentist around here that cared about seniors he
would make a fortune because he’d have more of us seniors going there’ (F2 L3)
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V.

Future workshop development

When the participants were given the opportunity to suggest topics they would have
liked more information on, the answers given in the focus group were different to the
feedback forms. Following on from the financial barrier discussion, dental insurance
was suggested as an additional topic:
“And I have to have any more information about dental insurance” (F4 L1)
One participant wanted specific information on self-efficacy practices to be informed
and involved in her own health:
“Because I have to have surgery before they give me dentures or implants… so I
would like to know how to take care of my mouth after the surgery and for the
surgery” (F4 L1)
Furthermore, another participant suggested improvements in self-efficacy and the link
to wider values were important:
“Well, I think that anything we can learn about improving our existence, no
matter how long we have left on this earth, is welcome” (F4 L2)
Overall, the participants in each location were hesitant with their opinions on future
oral health workshops being delivered in the form of modules and engaged very little
in a discussion about this:
“If you could offer a free screen” (F1, L3)
“How often would you come here? I just think it would be too often” (F2 L1)
‘Yeah I guess so we can ask more questions from last time” (F2, L2)
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Discussion
Overall, the purpose of the study was to illustrate the data captured in the pre- and
post-test knowledge questions, the feedback forms and the focus groups to help
optimise delivery and content of the workshop. The findings reflected some of the
themes in Maxwell’s dimension of quality; delivery was focussed on accessibility and
acceptability, whereas content was evaluated in terms of relevance and effectiveness
of oral health improvement (Maxwell, 1992). Discussions regarding the content and
delivery of the workshop, were used to help support the feedback forms and pre-post
test questions. The focus groups also explored the challenges and barriers to self-care
and improving self-efficacy in the older adults, which were the aims of the oral health
workshop.
Delivery
Overall the workshop was well-received by participants, including duration and
format of presentation. However, there were some issues surrounding accessibility of
the workshop. It was noted that some participants were discussing that it was other
seniors that needed to attend the workshop, rather than themselves. This view
expressed in relation ‘others’ was found in a consultation with older adults on a new
dental service (Chideka, Klass, Dunne, et al., 2015). This could be attributed to the
participants’ reluctance to take responsibility for their own health or older adults who
would benefit from the workshop, having poor oral health, did not attend the
workshop. Lack of perceived benefit of the workshop was highlighted as an
important barrier to workshop attendance and therefore implementation, a finding
which is supported by public health guidelines for developing oral health strategies in
the community (National Institute for Health and Care Excellence, 2014). Other
barriers to workshop attendance were related to pain and fear of the dentist, factors
which are linked to low dental service utilisation. This lack of differentiation between
the preventative (workshop) and treatment aspect of dentistry could be explained by
generational factors, where past dental experience involved treatment rather than
patient education to prevent or manage oral disease.
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Content
Despite participants scoring high on the oral health questions before the workshop,
there was overall improvement in the oral health knowledge scores. However, the
questions did not capture some of the important risk factor behaviours or oral health
information that the participants found relevant. Participants expressed importance
of the link between oral health and general health, using specific examples such as
medication, diabetes and stroke – two of which reflected the risk factors of oral
disease found in Chapter 3.
There was low awareness that tooth loss was not a natural part of ageing process, a
finding that pervades previous literature (Gilbert, Duncan, Crandall, et al., 1994; Kiyak,
Persson, & Persson, 1998). There are considerable differences in this expectation
across social deprivation levels, which may explain the small improvement (32% to
56%) in this perception after the workshop (American Dental Association, 2015). This
also highlights that such attitudes are imbedded into older adults despite being given
the information. A qualitative study in Perth found that knowledge is linked with
experiences and belief and changing attitudes of older adults may be slow (SlackSmith, Lange, Paley, et al., 2009). This supports justification for a modular approach for
a longer-term curriculum to tackle these misconceptions topic by topic.
Many participants were able to recall important oral health activities taught in the
workshop and indicated (both in the focus groups and feedback forms) they would
implement such changes to their oral care. By its own definition, these
improvements in self-efficacy behaviours need to be evaluated (Bandura, 1997;
Champion & Skinner, 2008). However, there was an overwhelming importance
placed on the resources and information given to access local low-cost dental
services.
Study Limitations
This study was faced with the challenge of setting, resources and time as it was
implemented alongside pre-planned workshops. Although practically the workshops
were delivered successfully, they were carried out in three affordable housing
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locations. Many of the workshops in the pilot schemes were implemented in different
settings, for example senior centres and congregate meal sites, which may have
yielded different feedback and results. Furthermore, the second location was an
assisted living facility where residents may present with unique barriers and challenges
to achieving oral health, requiring specific interventions. All participants at this
location had received a check-up with the dentist in the previous year, despite
inadequate dental coverage, suggesting an oral care plan was in place at this location.
In addition, the participants were less engaged in the focus group discussion compared
to the other two locations, suggesting they were less able to make choices about their
health. This is a significant limitation as focus groups rely on interactions between
research participants. Further limitations of the overall focus-group approach should
be considered. By nature of being motivated to attend an oral health workshop and
voluntary engagement in a focus group, the perspective of oral health and healthseeking behaviours of the older adults may have resulted in a positive bias finding.
Conclusion for Further Research
The community engagement aspect can be used to inform the workshop content and
delivery to ensure oral health improvements are relevant to the needs of the older
adults. The oral health knowledge questions need to be revised to better reflect
important oral health messages and ensure additional improvement can be made in
those with good baseline oral health knowledge. The main goal of the oral health
workshop was to improve self-efficacy and other wider health outcomes to empower
older adults to care for their oral health. However, oral health knowledge questions
can only capture a limited amount of information so more robust outcomes measures
are needed to test the effectiveness of the workshop.
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Foundation and Summary of Chapter 7
Learning from aspects in qualitative work in Chapter 6, the oral health workshop was
widely accepted. However, two aspects were recommended:
1. Participants scored high on initial pre-tests (developed by OHA) relating to
knowledge of key oral health information.
2. A validated measure of oral health in older adults is needed to order to
formally evaluate any improvements of attending the workshop.
They have since been addressed before further research could begin.
1. KMcK advised incorporating questions to include knowledge regarding
important risk factors for oral disease (as found in Chapter 3) and improving
the ambiguity of other questions (see Appendix I – newly developed oral health
knowledge questions).
2. Oral Health Literacy is becoming an increasing focus of interest, particularly
after it was included in the health promotion and disease prevention agenda,
Healthy People 2010 (U.S. Department of Health and Human Services, 2010).
Concurrent work had been conducted by colleagues (PW, IAP, MG) to develop
and validate an oral health literacy tool in older adults - Older Adults – The Test
of Functional Health Literacy in Dentistry (OA-TOFHLiD).
This chapter therefore aims to evaluate the workshop in a real-world community using
more robust oral health measures, as described above.
Author’s contributions:
This section was written by KMcK and was reviewed with contributions by IAP and MG.
OHA were involved in participant and setting recruitment, assisted with data collection
and delivering the workshop
This chapter was formatted for, and will be submitted to, Public Health Dentistry
Journal
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Abstract
Objectives: To evaluate an oral health workshop in community-living older adults
using a recently validated oral health literacy tool.
1) Establish baseline oral health literacy (OHL) scores of older adults.
2) Determine whether the oral health literacy scores of older adults improved
after attending the workshop.
3) Determine whether the oral health knowledge scores improved after attending
the workshop.
4) Explore predictors of improvement in oral health literacy score.
Methods: Community-living older adults, 60 years and over, were recruited through
senior community centres across Chicago (suburbs and inner-city locations). At the
baseline visit socio-demographics were collected and an oral screening was performed.
A 12-question oral health knowledge test was completed before, immediately after,
and 4 months after attendance to the oral health workshop and a validated 48-point
oral health literacy questionnaire was completed before and 4 months after the
workshop. Improvements in oral health knowledge and oral health literacy score were
analysed using non-parametric tests. Binary logistic regression was used to estimate
the effect different factors had on oral health literacy score improvement after
attending the workshop.
Results: 128 older adults, Mdn=68 years, participated at the baseline visit and 109
attended the follow-up visit 4 months after. Overall, the oral health literacy (OHL)
score was high at baseline (Mdn=41) and increased at post-test (Mdn=43.5), p=0.001.
The median OHL score remains unchanged, p=0.4, in those with high OHL before and
after the workshop whereas the differences in median OHL score is significantly higher
in those with low OHL from baseline to post-test, p=0.001. The oral health knowledge
test scores increased over time, with the largest improvement seen from baseline to
immediate post-test, p<0.001.
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Conclusion: The oral health workshop improved the oral health literacy scores in the
study population, particularly among those with lower baseline OHL.
Introduction
Oral health is a significant public health challenge in the U.S. and globally, especially
among older adults. Population ageing coupled with people keeping their natural teeth
for longer means a greater risk for oral diseases to occur, with the most common
issues including gum disease and dental caries (Dye, Thornton-Evans, Li, et al., 2015;
Eke, Dye, Wei, et al., 2015). If left to progress, oral disease can directly impact with
quality of life (Kandelman, Petersen, & Ueda, 2008) and general health (Borgnakke,
2015; Tavares, Lindefjeld Calabi, & San Martin, 2014) and will often require more
extensive treatment by the time symptoms occur, placing a greater importance on oral
self-care. Nonetheless, dental service utilisation is lower among American seniors
compared to other younger age groups (National Center for Health Statistics, 2016).
This is due to a myriad of reasons; lack of perceived need, finances/lack of insurance
and access (Kiyak & Reichmuth, 2005; Manski & Cooper, 2007; Oral Health America,
2016), but to name a few. When evaluating public health issues in geriatric dentistry in
2008, Chalmers et al. listed poor health literacy as a potential barrier to dental care for
older Americans, albeit relatively unexplored at the time (Chalmers & Ettinger, 2008).
The National Institute of Dental and Craniofacial Research (NIDCR) definition of oral
health literacy underpins many aspects of the aforementioned barriers to oral health:
“…the degree to which individuals have the capacity to obtain, process, and
understand basic oral health information and services needed to make appropriate
health decisions” (Baur, Comings, Evans, et al., 2005).

It is believed oral health literacy is one of the most important determinants of oral
health. The oral health literacy concept has been developed according to the
knowledge and concepts of general health literacy. Figure 7.1 shows the concept
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model of oral health literacy is first proposed by The National Institute of Dental and
Craniofacial Research workgroup (NIDCR).
Figure 7.1 Oral Health Literacy Framework (NIDCR)

Health System

Culture and
Society

Oral Health
Literacy

Oral Health
Outcomes and
Costs

Education System

They described oral health literacy as an interaction between the influence of
individual factors, cultural and society, healthcare system, and education system. Their
combined influence determines cost and oral health outcomes. NIDCR explained that
an individual’s oral health literacy could be affected by cultural factors, society, the
education system and the healthcare system. Oral health literacy (OHL) has since been
studied in relation to oral health behaviours, oral health status (Batista, Lawrence, &
Sousa, 2018; Firmino, Martins, Faria, et al., 2018; Lee, Divaris, Baker, et al., 2012) and
self-rated oral health status (Guo, Logan, Dodd, et al., 2014). However, these studies
do not include the older adult population. More recently, an oral health literacy tool,
Older Adults – The Test of Functional Health Literacy in Dentistry (OA-TOFHLiD), has
been validated against a general health literacy tool, Test of Functional Health Literacy
in Adults (S-TOFHLA (Baker, Williams, Parker, et al., 1999; Parker, Baker, Williams, et
al., 1995)), in an community-living older U.S. adult population (Wanichsaithong,
Goodwin, & Pretty, 2018a). The study found that low oral health literacy was
associated with increased number of decayed teeth and poorer functional dentition
(Wanichsaithong, Goodwin, & Pretty, 2018b). Any oral health promotion strategies to
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address low oral health literacy may reduce oral health disparities in the older
population.
With more and more older adults ‘ageing in place’, there is a need for an effective oral
health intervention in a community-based setting (Barmes, 2000), yet there are few
evaluated evidence-based interventions that exist for this population (Chapter 5). Oral
Health Americaã, a non-profit organisation based in Chicago, developed an oral health
education workshop called ‘Tooth Wisdomâ: Get Smart About Your Mouth’ to educate
community-dwelling older adults to build self-efficacy in caring for their oral health.
The workshop covers the basics of daily oral care and takes a ‘symptoms-first’
approach with helping older adults understand what to do when they experience
certain health problems that hinder their ability to complete daily oral hygiene.
Therefore, previous research using secondary data to identify oral health risk factors in
older adults (Chapter 3) has been used to guide the study design. The pilot project
consists of a 1-hour hands-on class led by designated and trained community-health
educators, made up primarily of hygienists, in locations where older adults naturally
congregate i.e. senior centres, meal sites, independent living sites, church, library etc.
with the help of ageing agencies. It is common to employ a pre-post test design in an
outcome evaluation to provide preliminary evidence for intervention effectiveness in a
real-world community setting (Rossi, Lipsey, & Freeman, 2004). In addition to using
oral health knowledge as an outcome measure, the overall aim of this study was to use
oral health literacy level as a proxy measure for oral health to evaluate the
effectiveness of the workshop in a group of community-dwelling older adults.
Therefore, the objectives for this study were as follows:
1. To describe the demographic of the participating seniors and explore
associations with oral health literacy (OHL),
2. Determine if there was a significant change in oral health knowledge score
before and after attending the workshop,
3. Determine if there was a significant change in OHL score before and after
attending the workshop,
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4. Explore predictors in participants improvement in OHL score after attending
the workshop.
Methods
Study design
The study employed a non-experimental pre-/post-test longitudinal time series design.
The study comprises of 2 visits, baseline and 4 months after, the components of each
are outlined in Figure 7.2. The study was approved by University of Manchester
Research Ethics Committee (approval number 2017-2548-4105) and was undertaken
with the understanding and informed consent of each participant. Data collection took
place in participating senior community centre sites across Chicago, Illinois.
Recruitment flyers and participant information sheets were distributed to the sitecoordinators who informed potential participants via their weekly/monthly newsletter
(Appendix C, D, E).
Inclusion criteria included: 60 years and over, English-speaking, able to read and
understand the patient information sheet and informed consent process, and tolerate
a simple dental examination. No sample size calculation was used to inform the sample
size, as no existing effect size data were available due to the exploratory nature of the
research. Considering financial constraints and previous literature which validated the
OA-TOFHLiD using a sample size of 111 (Wanichsaithong 2018) the research team
agreed upon 100 participants to be included in the study (Wanichsaithong, Goodwin,
& Pretty, 2018b, 2018a). To allow for a potential loss to follow up of 15%, a minimum
of 120 participants was necessary to be recruited at baseline. The study was carried
out in site-groups so that participants enrolled from the same community centre could
attend the baseline visit on the same day. An extra date and time slot for the
workshop was arranged (at a different location) to ensure optimum participation. The
study flow is depicted in Figure 7.2. A socio-demographic questionnaire, oral health
knowledge test and oral health literacy questionnaire were completed prior to
attending the workshop. Each group received the same 1-hour workshop led by the
same fully-trained facilitator. The oral health knowledge test was repeated
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immediately after the conclusion of the workshop. The baseline visits were completed
in a two-week period in October 2017. Participants received a grocery store gift card
for completing all components at baseline visit. The post-tests at visit 2; a third oral
health knowledge test and a second oral health literacy questionnaire; were
administered in February 2018, taking place in the same location as the baseline visit,
for which the participant received another gift card upon completion. No feedback was
given to the participants in terms of correct answers to either test or overall score.
Participant withdrawal from the study could have occurred at any time up until point
of data analysis without reason.

Data collected
A patient demographic questionnaire was administered (Appendix E) and data
included age, sex, ethnicity, highest education level completed, retired status and
smoking status. General literacy, the ability to read and write, is the basis of oral
health literacy and was broadly assessed using 3 screening questions: 1) How would
you rate your ability to read? 2) How would you rate your ability to write [poor, fair,
good, very good or excellent] and 3) How often do you need help reading instructions?
[never, rarely, sometimes, often or always]. The responses were recoded to range
from 0 to 3 and calculated a literacy rating score as the average score of answered
questions, with 3 indicating the highest level of general literacy.
The oral health knowledge test comprised of 12 statements surrounding evidencebased oral health advice, which is covered in the workshop content. The participants
decided if the statements were true/false/not sure. Each correct answer was given a
point, yielding a maximum score of 12 (Appendix I).
A newly validated oral health literacy (OA-TOFLHLiD) questionnaire was made up of
two parts; multiple choice (correctly identifying missing words from passages
regarding oral health) and picture prompts, of which the maximum score was 39 and 9
respectively (Appendix G and Appendix H for answers). Therefore, the maximum total
oral health literacy score was 48. OHL score was dichotomised into low OHL <40 and
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high OHL ³41. The choice of the cut-off points for the categorisation of the OHL scores
was based on the thresholds from previous validation work and the distribution of the
scores in this study supported this decision (Wanichsaithong, Goodwin, & Pretty,
2018b). The difference in OHL score (post-pre) was also dichotomised into
‘improvement’ = a score change of 1 or greater, and ‘non-improvement’ = score did
not change or worsened post-workshop.
Data analysis
All study information was collected in paper-format and then entered into SPSS 25.0
for Macintosh (IBM Corp., 2017) for data analysis. In the oral health knowledge
questions and OHL questionnaire, items answered as ‘don’t know’ or those left
unanswered were coded as an incorrect answer; other ‘don’t know’ answers were
excluded from analysis for that question and where missing data occurred, no
imputation was undertaken.
The socio-demographic characteristics and oral health screening data were
summarised using descriptive statistics. Pearson-Chi Square tests of Independence and
non-parametric tests (Mann-Whitney U and Kruskal-Wallis H) were used to explore
differences between socio-demographic information, perceived oral health, oral health
screening data across initial oral health literacy score (low and high). Distribution and
variance testing determined non-parametric tests were also required for pre- and
post-test analysis of oral health literacy (OHL) questionnaire and oral health
knowledge scores. A Friedman’s test with post-hoc analysis was carried out to identify
any significant change in the oral health knowledge score between baseline,
immediate post- and post-test. To determine if there was a significant change in the
pre- and post- OHL score, a Wilcoxon-Signed Rank Test was carried out. The OHL
scores were also evaluated as a binary outcome using the McNemar test to examine
the extent of change in low/high OHL score from pre- to post-test. Binary logistic
regression was carried out to evaluate the differences in the associated factors
between ‘improvement’ and ‘non-improvement’ in OHL score.
Results
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Figure 7.2 displays the study flow and the data collected for the recruited participants
from baseline (n=128) to follow-up visit (n=109), between which the wash-out period
was four months. The proportion loss due to follow up after 4 months was 14.8%.

Figure 7.2 Study flow of participants from recruitment, including the loss due to follow-up

Visit 1 – October 2017, N=128
-

Socio-demographic, dental service utilisation and perceived oral health
questionnaire (n=128)
Completed oral health knowledge questions, pre-test (n=125)
Completed oral health literacy test, pre-test (n=126)
Attended oral health workshop (n=128)
Completed oral health knowledge questions, immediate post-test (n=127)
Loss due to follow up, N=19
-

Illness (n=4)
Felt unable to complete (n=3)
Unable to contact participant (n=3)
Confirmed but did not show (n=8)
Out of country/Travel (n=1)

Visit 2 – February 2018, N=109
-

Completed oral health knowledge questions, post-test (n=125)
Completed oral health literacy test, post-test (n=109)

Study Population Demographics
Table 7.1 shows the baseline socio-demographics of the recruited study population,
n=128. The mean age of participants was 69.45 (7.95 SD), median age 68 (9 IQR) and
ranged up to 97 years old. In addition, 5 participants chose not to disclose their age.
73% of the participants were female and 75% were black or African American. 77%
were retired at the time of data collection and 76% were either current or past
smokers. With regards to education level, nearly half of the study population, 48.5%,
had completed beyond high school level and 8% had not completed any schooling. The
271

overall general self-reported literacy levels (ranging from 0-3, with 3 the highest)
showed that 44.5% of the participants had a high level of self-reported literacy (score
of 2.1-3.0) compared to 22.7% with lowest levels of literacy (0.0-1.0). Self-reported
literacy levels were significantly associated with education level, c2(8)
=24.241 p=0.002. These socio-demographic characteristics were stratified by baseline
oral health literacy (OHL) score; age categories and education level both had a
statistically significant association with baseline OHL score, c2(2) = 8.510, p=0.014 and
c2(4) = 9.206, p=0.042, respectively. In the middle older age category, 65-74 years,
68% had an initial high OHL score, and in those with an education of a Bachelor’s level
or higher 78% had an initial high OHL sore. Additionally, self-rated literacy levels were
significantly associated with baseline OHL score, c2(2) = 10.562, p=0.005; the
proportion of those with high baseline OHL was greater in those with higher levels of
literacy.

272

Table 7.1 An overview of the socio-demographics of the study population and
association with baseline oral health literacy score
Baseline Demographics

Age groups, years
- <65
- 65-74
- >75
- Undisclosed
Sex
- Female
- Male
Ethnicity
- White/Caucasian
- Black or African
American
- Other
Education
- No schooling
completed
- Middle/Junior High
School level
- High/Senior High
School level
- University/College
(below Bachelor’s)
- University/College
(Bachelor’s or
higher)
Self-reported literacy level
- 0.0-1.0 (lower)
- 1.1-2.0
- 2.1-3.0 (higher)
Retired
- No
- Yes
- Undisclosed
Smoking status
- No, never smoked
- Past smoker
- Yes, current
smoker
- Undisclosed

Number of Proportion
participants of study
N=128
population
%

34
63
26
5
93
35

26.6
49.2
20.3
3.9
72.7
27.3

Baseline OHL
Score
Low
High
OHL
OHL
(n=53) (n=73)
18
18
15
38
15

16
43
11
54
19

19

14.8

7

11

97
12

75.8
9.4

41
5

56
5

3

2.3

2

1

7

5.5

6

1

56

43.8

25

30

39

30.5

15

23

23

18.0

5

18

29
42
57

22.7
32.8
44.5

18
19
16

10
22
41

28
98
2

21.9
76.6
1.6

13
39
-

14
58
-

29
71
27
1

22.7
55.5
21.1
0.8

9
30
13
-

19
40
14
-

Test
statistic

Sig.^

8.198

0.017*

0.081

0.776

0.198b

1.000

10.333b

0.025*

10.562

0.005*

0.547

0.459

1.553

0.460

a
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a

Pearson Chi-square unless otherwise stated, bFisher Exact Test.
^Asymptotic significance (2-tailed) displayed.
*The significance level is p<0.05

Oral Health Literacy Score Results
Table 7.2 displays the oral health literacy test scores at the baseline visit and at 4
months post-test. From the 128 participants in the baseline visit, 2 did not attempt the
OHL questionnaire and there were 19 participants that did not return at 4 months for
the post-OHL questionnaire.
Table 7.2 Oral Health Literacy Scores amongst the study population

Oral Health
Literacy (OHL)
Score
Pre-test
(baseline)
Post-test
(4 months)

Percentiles
N
126

Valid
N
108

Mean
(SD)
39.3
(8.00)

Min.
score
9

Max.
score
48

109

108

40.6
(7.96)

13

48

25th

50th
Mdn

75th

37

41

45

38.25

43.5

46

Upon testing for normality (Shapiro-Wilk, p<0.05), the OHL score data significantly
deviates from a normal distribution. Additionally, a non-parametric Levene’s test was
used to verify the equality of variances in the samples (homogeneity of variance). The
number of participants for the total comparison between baseline and post-test OHL
scores (in a valid listwise manner) was 108, as shown in Table 7.3. Therefore,
examination of the medians suggested OHL score 4 months after the workshop
(Mdn=43.5) was higher than at baseline (Mdn=41). As shown in Table 7.3, a Wilcoxon
Signed-Rank test confirmed there was a statistically significant difference in the
medians of OHL score from baseline pre-test to post-test, Z=-3.321, p=0.001.
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Table 7.3 Non-parametric analysis of Pre- and Post-test Oral Health Literacy Score
comparisons
N

Mean Rank

Sum of Ranks Z

Post-test OHL Score –

-ve Ranks

27

51.41

1388.0

Pre-test OHL Score

+ve Ranks

68

46.65

3172.0

Ties

13

Total

108

Sig.^

-3.321a

0.001*

a

Based on negative ranks
^Asymptotic significance (2-tailed) displayed.
*The significance level is p<0.05
Table 7.3 provides a comparison between participants OHL scores at baseline pre-test
and at post-test. 27 participants at pre-test had a higher OHL score than at post-test,
68 participants had a higher OHL score at post-test than at pre-test and 13 participants
saw no change in their OHL score.
When the OHL scores were dichotomised into low OHL (score of <40) and high OHL
(³41), a McNemar test determined there was a statistically significant difference in the
proportion of those with low oral health literacy scores at baseline, 42.1%, compared
to at post-test, 31.2%, p=0.043 (exact 2-tailed).
Figure 7.2 plots the median OHL score at baseline and 4 months after the workshop,
for those with low and high OHL. The median OHL score remains unchanged, Z=0.841
p=0.4, in those with high OHL before and after the workshop (blue line, Mdn=45)
whereas the differences in median OHL score is statistically significantly higher in those
with low OHL from baseline (Mdn=35) to post work shop (Mdn=37.5), Z=3.319,
p=0.001. This improvement is shown schematically by the positive gradient of the red
line in Figure 7.2.
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Figure 7.2 Multiple line graph and table comparing median OHL score of the participants
with low and high OHL, at baseline pre-test and at 4 months post-test
50

High OHL
Low OHL

Median OHL Score

45

40

35

30

Pre-test (Baseline)

Post-test (4 months)

Time
Pre-test OHL Score

Post-test OHL Score

Z

Sig.^

Mean (SD)

Median (IQR)

Mean (SD)

Median (IQR)

Low OHL

32.2 (1.21)

35 (10.75)

35.7 (8.99)

37.5 (14.25)

3.319

0.001*

High OHL

44.2 (2.17)

45 (4)

43.9 (4.95)

45 (3.75)

0.841

0.400

^Asymptotic significances displayed.
*The significance level is p<0.05

Oral Health Knowledge Test Results
Table 7.4 presents the descriptive statistics of the oral health knowledge scores of the
study participants at each 3 time points.
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Table 7.4 Oral Health Knowledge Scores amongst the study population
Oral Health
Knowledge Score
Pre-test (baseline)

N

Mean
(SD)

125 8.34
(2.31)
Immediate post-test 127 10.2
(1.27)
Post-test
111 8.73
(2.17)

Mean
Rank

Min.
score

Max.
score

25

1.52

2

12

7

2.64

6

12

10

10

11

1.84

0

12

8

9

10

th

Percentiles
50th
75th
(Mdn)
9
10

Upon testing for normality (Shapiro-Wilk, p<0.05), the knowledge score data
significantly deviated from a normal distribution. Table 7.4 reports the median (IQR)
oral health knowledge scores at baseline pre-test, immediate post-test and post-test
were 9 (7 to 10), 10 (10 to 11) and 9 (8 to 10), respectively. Non-parametric testing
with Friedman’s ANOVA, n=109 (valid listwise manner), determined there was a
significant change in oral health knowledge scores over time, c2(2)= 86.307, p =0.000
(<0.05).
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Table 7.5 Non-parametric analysis of Oral Health Knowledge Score comparisons over
time

Immediate posttest– Pre-test

Post-test – Pretest

Post-test –
Immediate posttest

N

Mean Rank

7

21.00

Sum of
Ranks
147.00

Positive Ranks

95

53.75

5106.00

Ties

22

Total

124

Negative

29

43.29

1255.50

Positive Ranks

56

42.85

2399.50

Ties

24

Total

109

Negative

75

47.01

3526.00

Positive Ranks

13

30.00

390.00

Ties

23

Total

111

Negative

Z

Sig.^

-8.368a

0.00*

-2.554a

0.011*

-6.642b

0.00*

Ranks

Ranks

Ranks

a

Based on negative ranks
Based on positive ranks
^Asymptotic significances displayed.
*The significance level is p<0.0167 (Bonferroni correction)
b

Post-hoc analysis with Wilcoxon signed-rank tests was conducted with a Bonferroni
correction applied, resulting in a significance level set at p<0.0167. Table 7.5 shows
there was statistically significant increase in oral health knowledge scores from
baseline to immediate post-test, Z=-8.369, p<0.001; 5.5% of participants reduced their
score (by 1 point), 17.2% had no change in score and 76.6% improved their score
(ranging up to an improvement of 8 points). Similarly, there was a statistically
significant increase in oral health knowledge scores from baseline to post-test, Z=2.554, p=0.011; 26.6% of participants reduced their score, 22% had no change in score
and 51.4% improved score (ranging up to an improvement of 6 points). Despite an
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overall increase in oral health knowledge scores, there was a statistically significant
decrease from immediate post-test to post-test (Z=-6.641, p=0.000).
There was a moderate positive correlation between baseline OHL score and each oral
health knowledge score at baseline pre-, immediate post- and 4 months post-test;
rs=0.523, rs=0.502 and rs=0.507, respectively at p<0.001. A Mann-Whitney U test
showed the oral health knowledge scores were statistically significantly higher in
participants that had high baseline OHL score p<0.001 (U=2791, 2986, 2278).
Further Analysis
A binary logistic regression analysis was conducted to predict participants that
improved their OHL score after attending the workshop using the associated factors as
predictors; age categories, education level, and baseline OHL score as shown in Table
7.6. Correlation analysis confirmed there was no strong associations between the
predictor variables.
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Table 7.6 Logistic regression analysis of associated factors and oral health literacy
(OHL) improvement

Constant

B (SE)

Wald

OR (95% CI)

Sig.

3.933 (2.071)

3.605

-

-

-

1.837

-

0.399

Age, years
<65 (ref)
65-74

-0.606 (0.538) 1.271

0.545 (0.190,1.565)

0.260

>75

0.089 (0.715)

0.015

1.093 (0.269,4.435)

0.901

<High

1.419 (0.708)

4.022

4.132 (1.033,16.536)

0.045*

High school

1.134 (0.647)

3.073

3.107 (0.875,11.035)

0.080

Below bachelors

0.248 (1.088)

0.052

1.281 (0.152,10.812)

0.820

-

5.391

-

0.145

Education

Bachelors or
higher (ref)
OHL Baseline Score

-0.137 (0.064) 4.595

0.872 (0.769,0.988)

0.027*

*Significance level is p<0.05
R2= 0.214 (Nagelkerke), 0.156 (Cox & Snell)
Hosmer and Lemeshow Test p=0.589
A test of the full model against a constant only model was statistically significant, c2(6)
= 17.657, p =0.007, indicating the predictors, as a set, reliably distinguished between
those that improved and did not improve their OHL score. The model explained 21.4%
(Nagelkerke’s R2) of the variance in OHL improvements and correctly classified 70.2%
(42.1% for non-improvers and 86.4% for improvers). The Hosmer & Lemeshow test of
the goodness of fit suggests that the model is a good fit to the data as p=0.589 (>0.05).
The Wald criterion demonstrated that baseline OHL score and Education (less than
high school level) made a significant contribution to prediction (p=0.027 and 0.045,
respectively). With every increase of 1 OHL score, the odds of improving multiplied by
0.872. For every point increase in baseline OHL score, the odds of improving reduced
by 13%. Although there was no significant overall effect for education, those with less
than high school level of education were four (4.132) times more likely to improve
their OHL score than those with an education level of a Bachelor’s degree or higher.
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A stepwise forward logistic regression was carried out to explore the individual effects
the other variables had on the model. OHL score remained in the model and upon the
removal of education and age first the percentage accuracy in correct classification
decreased, Nagelkerke’s R2 decreased to 13.2% and the Hosmer and Lemeshow test
became significant, p=0.02. Therefore, after controlling for age and education level,
baseline OHL score was the strongest predictor of OHL score improvement after
attending the oral health workshop.
Discussion
The educational workshop improved oral health knowledge and oral health literacy
levels in this group of community-living older adults, with a significantly higher OHL
scores in those with initial low OHL. 75% of participant’s OHL score was the same or
higher than OHL scores than at baseline.
Oral Health Literacy as an outcome measure
The overall aim of this study was to use OHL as an evidence- based outcome measure
of effectiveness of the oral health workshop. After the intervention, the participants
showed significantly improved levels of oral health literacy score in those with initially
low OHL. It is the first study to use a validated OHL questionnaire specifically for older
adults, OA-TOFHLiD, as a proxy measure for intervention effectiveness. This is a novel
approach for a workshop evaluation as previous studies have used self-reported oral
hygiene measures or knowledge recall (Mariño, Calache, Wright, et al., 2004; Mariño,
Marwaha, & Barrow, 2016). Such measures have been linked to health literacy (Guo,
Logan, Dodd, et al., 2014) and this study confirms a high agreement between oral
health knowledge and oral health literacy. The use of OHL goes beyond simple process
or self-reported measures, but falls short of longer-term measures of real health
impact.
This study also included 3 questions regarding literacy levels more broadly: self-rated
ability to read and write and if help was required to read instructions, which are similar
to screening questions used to assess health literacy (Chew, Griffin, Partin, et al.,
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2008). Different levels of self-reported literacy are reflected in low and high oral health
literacy scores which confirms the utility of the OA-TOFHLiD. Reading and writing skills
are the basis of oral health literacy by definition and thus demonstrates that oral
health literacy poses the same challenges as general comprehension. Self-reported
literacy levels were not included in the final regression model for predicting OHL
improvement due to the significant association with education level and its more
objective nature. A greater proportion of those with low baseline OHL had less than a
high school education which may have influenced the final regression, in which this
group are four times more likely to improve their OHL score than those with a
Bachelor’s degree or higher. Ageing has been linked to limited health literacy
(Kobayashi, Wardle, Wolf, et al., 2016) and while this study did not find statistical
agreement with this, the middle age category (65-74 years) had higher baseline OHL
scores.
While the regression model identifies that education level and OHL score are
significantly associated with improvement in OHL score, and indeed can explain 21% of
the variance in outcome, they are not able to predict the outcome for individual
participants very well. Therefore, there is substantial individual variability that cannot
be explained by age, education or other information collected in this study. This
exemplifies the complex heterogeneity of the older adult population and the different
factors that influence an individual across their life-course.
Study Design & Feasibility
It is encouraging that there was sufficient engagement in this older adult population,
proven by the loss to follow up (14.8%) not exceeding the predicted rate of 15%.
Multifactorial attrition, mainly due to the losses to follow-up, have been notable in
longitudinal ageing studies which can cause low representativeness of the sample and
significantly impact the assessed outcomes and statistical efficacy (Tinker, Mein,
Bhamra, et al., 2009; Wallace, 2012).
By definition, the aim of a program evaluation is to assess the short and long-term
impacts on it – educational interventions designed to assess the short term effects
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may have a greater influence on changing beliefs and behavioural skills when the
policies and environments support the targeted behavioural alterations (Ghaffari,
Rakhshanderou, Ramezankhani, et al., 2018; Glanz, Rimer, & Viswanath, 2008). Beyond
the advantages of improving oral health literacy levels, knowledge and education into
oral self-care, the workshop may reinforce interaction with others, thereby
encouraging social contact and constructive behaviours such as participating in
community-based events where the oral health workshops are held. Even as a ‘nonimprover’ the participant may improve in other ways not assessed within the realms of
a study.
Limitations
This study has several limitations. First, this study was conducted in a population of
community-living older adults attending community-centres and may not be
generalisable to other settings. Owing to the smaller proportion of men in this study
and white participants (compared to the US census (Roberts, Ogunwole, Blakeslee, et
al., 2018)), this study cannot determine whether the predictive abilities of this model
differed among gender or ethnicity. Secondly, the reasons for not wishing to take part
initially (non-responders) were not collected due to the ‘opt-in’ nature of the study,
which meant the research team did not have contact with non-participating seniors.
This may have underestimated the prevalence of certain participants by introducing
participation bias, but only if the non-responders differed from responders. Previous
studies in the elderly have found that non-responders are likely to be older, have
lower-educational attainment and lower socio-economic status (Jay, Liang, Liu, et al.,
1993; Launer, Wind, & Deeg, 1994; Mihelic & Crimmins, 1997; Norton, Breitner, Welsh,
et al., 1994). In this study, these factors would impact on oral health literacy levels and
therefore could have resulted in bias in evaluation of the workshop in communityliving older adults. Furthermore, factors driving self-selection for participation may
vary depending on the nature of the studies (Jacomb, Jorm, Korten, et al., 2002), for
example knowing that the study was oral health focussed may have deterred those
with dental phobia or oral health problems who may have benefitted from the
workshop. Secondly, the study did not repeat the oral health literacy and knowledge
questionnaires in a group of participants who had not attended the workshop
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(received no intervention) and therefore, the study participants acted as their own
control group. Although the participants were not given the correct answers to either
questionnaire, it could be suggested that OHL and oral health knowledge score may
have improved simply due to repetition or the act of taking a pre-test itself may have
imposed a testing threat and therefore affecting the internal validity of the findings.
When designing and conducting research in the community-setting there are tradeoffs between how strong a design is and generalisability of the findings; due to the
planning and controlled situation that are required to implement an experimental
design, it is difficult to generalise the findings of experimental designs to other
situations.
Thirdly, despite the increase in oral health knowledge, the strength of difference in
oral health knowledge scores had weakened over time (between 4 months knowledge
test score and baseline knowledge test score) and although OHL score improved, the
median post-OHL score still classified as ‘low OHL’. By examining the medians in Figure
2, the overall improvement of those with low OHL was not sufficient to raise them into
a high OHL classification (a median of 41 or higher) albeit that this threshold is based
on only early studies of OHL in older adults. A McNemar test revealed that 18 (16.7%)
participants who had low OHL at baseline had high OHL following the intervention
(success), however, 7 (6.5%) who were originally high OHL had become low after the
intervention. An overall shift of 10.2% shift in OHL classification from low to high,
however, was statistically significant in this sample size, n=108 after the one-time
intervention. Improving this shift further, to yield a larger percentage change in OHL
score, would warrant a larger sample size. These findings potentially advocate for a
modular approach to the delivery of the workshop to enhance longer term retention
of knowledge and greater potential OHL improvement.

Conclusion for Further Research
Overall, our findings are consistent with previous research that reported on the
general effectiveness of educational oral health interventions (Hoffman, Rollins, Henry
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Akintobi, et al., 2017; Lima, Chaves, & Castro, 2012; Nakre & Harikiran, 2013; Parker,
Misan, Chong, et al., 2012). More importantly, this study fills a gap in the literature of
addressing oral health literacy disparities specifically targeting community-living older
adults through an oral health education intervention. Equipping them with the
comprehensive skill-set to navigate health care systems may improve dental care
access and oral self-care practices. Interventions such as those described here are low
in cost, simple to deliver and more importantly can interface with existing
infrastructure and estate utilised by the target population.
Future research can determine whether oral health disparities among this population
can be ameliorated through community delivered interventions such as this and
whether similar findings can be found in a UK older adult population.
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Foundation and Summary of Chapter 8
This chapter gives an overall summary and discussion of the work carried out in the
previous chapters. The ‘Tooth Wisdomâ: Get Smart About Your Mouth’ workshop for
community-living older adults, introduced in the previous chapters, presented good
acceptability amongst attendees and improved oral health literacy in those who
initially had low oral health literacy (Chapter 7). With the potential for further oral
health improvements, and based on NW England attendance rates (Chapter 2),
additional work is needed to test the implementation in older adults living in NW
England.
This chapter therefore outlines a protocol for a future study in order to test the use of
the workshop as a community-based oral health intervention in older adults who may
be at risk of poor oral health conditions. i.e. those with high vs low OHL and different
levels of socio-deprivation levels. The study will aim to explore different settings to
identify older adults living in the community and utilise various oral health indicators
to evaluate the intervention.
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Summary of main findings and discussion
The initial aim of this thesis was primarily to develop an understanding of oral health in
older adults. Chapter 1 reviewed the extensive literature of the ageing population in
the United Kingdom, in particular North West England, and it was clear there are many
barriers to achieving oral health in older adults. The challenge to control chronic
disease and improve oral health and general health can only be tackled effectively
through shared approaches and with a focus on common risk factors. It was concluded
that promotion of oral health and prevention of disease remain important amongst
older adults. Effective self-care is fundamental to the maintenance of oral health - for
many this will involve identifying and managing risks of disease which may require
behaviour change support. Due to the breadth of the thesis topic, the author aimed to
primarily only include data and evidence surrounding older adults living in the
community, as opposed to those that are institutionalised and may present with their
own unique challenges.
Chapters 2-4 continued to address the aims of the PhD by incorporating an oral health
needs assessment of older adults in general dental practice to identify those at greater
risk of poor oral health outcomes. Oral health data in older adults was limited to
reporting from the ADHS, conducted every 10 years. The change in findings between
each survey is notable and suggests additional data is required to track changes over
smaller increments of time. In fact, the Faculty of Dental Surgery recommended that
NHS Digital should include figures on the proportion of people aged 65-74, 75-84 and
85 and over who visited the NHS dentist in the preceding 24 months in its quarterly
dental statistics (The Faculty of Dental Surgery of the Royal College of Surgeons, 2017).
The main finding from each of the studies is that deprivation levels were associated
with number of teeth, oral disease rates and implications in regards to treatment
provision. One of the main rationales for exploring the rates of partial edentulism and
removable partial denture in Chapter 4 was based on the findings from Chapter 2;
where NHS BSA data illustrated the inequalities in provision of dentures – ranging from
prevalence of provision of an upper denture as 7.2%-11.9% in the most deprived and
1.6%-3.8% in the least deprived.

The shortcomings of each piece of work within the thesis are mostly described at the
end of each chapter. One of the main weaknesses from the general dental practices’
dataset, used for Chapter 3 and 4, is that the generalisability of these findings is
limited. The IMD ranks showed that the study population were significantly more
deprived compared to the average in the surrounding Greater Manchester area.
Chapter 1 highlighted that socio-deprivation was an important factor in oral health and
treatment patterns in older adults in NW England, which would perhaps suggest that
there are a higher proportion of older adults in the study practice population who are
likely to have complex dental treatment needs compared to the general population. In
hindsight, it would have been useful to identify dental practices with more
representative IMD spread and dichotomising the IMD levels in the practice population
was not particularly helpful for comparison. A promising finding is the similar risk
factors between periodontal disease and caries development – which echoes the work
done by the partnership between the European Federation of Periodontology and the
European Organization for Caries Research (Tonetti, Bottenberg, Conrads, et al., 2017).
However, another limitation was the variation in which periodontal disease was
reported. In the absence of a periodontal pocket chart (in the majority of cases), the
periodontal disease prevalence was reliant on general dental practitioners’ written
diagnosis and record-keeping. Caries prevalence was assessed by combining D and F
component of dental chartings. Only 17.1% of the dentate patients were considered
caries free (had no active caries or received treatment due to caries) which confirms
that attending-older adults are a caries-active population. It is recognised that risk
factor modelling may go some way to categorising the older adult patient when
presented to the clinician in general dental practice setting. Furthermore, for the
researcher the variables collated to assess risk factors are simple to ascertain remotely
and do not require clinical examinations or resource-consuming techniques.
It is at this time-point where the author began collaboration with Oral Health America
and the PhD project moved away from its original aims – to undertake a common risk
factor approach to predict caries incidence (prospectively) using a statistical model.
Nevertheless, it was thought that by identifying individuals who may be at risk we can
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progress to determine what evidence-based interventions may be appropriate and
design a study to test these.
In light of learning about OHA’s community-based oral health program, a scoping
review of published interventions aimed at improving oral health in older adults was
carried out in Chapter 5. Due to the differences in oral health measures used in each
study, it was difficult to make formal comparisons. It is recognised that expert input
from a health psychologist would have been useful in synthesising the evidence. The
review reported two findings – types of oral health outcome measure and overview of
the interventions. Success of identified studies related to the importance of
incorporating ageing social networks and support at a community-level.
Chapter 6 used a mixed- methods approach, attempting to triangulate data from prepost test data, feedback forms and focus groups, to evaluate the content and delivery
of the OHA workshop. Using findings from Chapter 5, it was important to explore why
some older adults may not attend the oral health workshop. One of the limitations to
this methodology was that the workshops that were used for analysis were carried out
in the same location that the participants resided. This was unavoidable due to prior
workshop scheduling with OHA and the facilitator, but it meant exploration of distrust
of a new social environment or setting could not be tested. Nonetheless, focus group
discussions revealed other barriers to attending the workshop such as cultural factors,
for example a large proportion of residents at Location 1 were Chinese. The issue of
recruitment of only English-speakers is noted and this limitation is unavoidable in the
early stages due to short time-frame and limited resources. The OHA workshop had
previously been translated into Spanish for a location in the early pilot phase, however
there is a pre-requisite to validate the English version before translational work can
occur. Chapter 5 also suggested that any barriers to attending the workshop are
compounded by people’s habits and a tradition unaccustomed to preventative
dentistry and may associate dental care with negative experiences, for example pain
(from infection and subsequent treatment). Previous research has shown that about
half of the older population will participate in health-promotional studies (Carter,
Elward, Malmgren, et al., 1991) so there may be need to look at other recruitment
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strategies. Overall the feedback from those that attended the workshop was positive
and the content and delivery was deemed acceptable.
Chapter 7 evaluated the effectiveness of the workshop using oral health literacy as a
novel outcome measure for oral health. On reflection there are recognised limitations
to this study, for example the reasons for non-participation was not captured. It may
be hypothesised that those who did not choose to attend the workshop may have
poorer oral health compared to attendees. For example, the eligibility criteria meant
participants needed to have a base-level of comprehension to fill out the oral health
literacy tool. It is thought that using the oral health literacy tool as a marker for need
may hold more value as it would quickly identify those with poor literacy skills and
would possibly benefit from interventions to improve care.
The biggest success of this project is the alignment to national calls for action; the
importance of oral health in older adults has been highlighted given the recent
attention from policy makers and organisations in public health. For example, the FDI’s
Oral Health for an Ageing Population (OHAP) Task Team have produced a roadmap
which proposes a range of strategies and actions that various stakeholders can
implement, globally or locally, to meet the needs of older adults with varying levels of
dependency (based on an adapted Seattle Care Pathway). The strategies are listed as
‘field of actions’ - one of which is fostering community-based oral health promotion
and prevention programmes in various settings (FDI World Dental Federation, 2018).
Implications for policy
As previously mentioned, the NHS dental service system is currently not equipped to
provide adequate oral care for older adults – a review of submitted claims forms in
Chapter 2 suggest there is a barrier to accessing care and the review of the literature
suggests that oral health of those not accessing care may be worse than the attending
older population (due to reasons such as functional decline). Chapters 2, 3 and 4 serve
as health needs assessment using readily available datasets to give authentic insights
into the oral health status of older adults. Due to relative ease of data collection, it
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may be prudent to suggest that health needs assessment of different geographies (and
deprivation level) should be carried out in order to compare findings (e.g. health
inequalities). This would highlight the areas/populations in need and inform
commissioners to make decisions about service care provision and allocate resources
for target improvement strategies.
The rationale for research carried out in Chapters 5-7 was to show that early oral
health prevention and promotion is required to close the gap of oral health
inequalities that exist in the older adult population. These chapters offer preliminary
evidence to integrate oral health improvement into the local community with an
educational workshop. The next section provides a protocol for a future feasibility
study to deliver the workshop in UK ageing communities through existing and
appropriate pathways. The outcome from this proposed research will provide highquality evidence which could be used design a formal RCT evaluation of this
intervention.

A Protocol for Future Research
Title: Protocol for a feasibility study of a community-based workshop for the
improvement of oral health in older adults
Aims
The study will determine the feasibility of an oral health educational workshop
intervention in community living older adults in Greater Manchester.
Objectives:
To collect data to be used to inform the design of a definitive RCT including:
Primary objectives:
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•

Identify a profile of older adults who could potentially be helped by attending
an oral health workshop

•

Evaluate the retention and completion rates and acceptability of the oral
health workshop

•

Identify potential outcome measures for use in a future RCT

•

Determine the sample size required for a future RCTs

Secondary objectives:
•

Compare and explore the appropriate routes for recruiting or referring older
adults i.e. clinical and non-clinical settings

•

Explore perceptions of staff at different settings of the oral health workshop
and their willingness to recruit participants to a future substantive trial

Methodology
Ethical approval
Ethical approval will be obtained from an NHS research ethics committee and relevant
University ethics committee.
Type of study
This mixed-methods study will be conducted in two phases – combining quantitative
data collection on the profile of older adults (measuring potential outcome measures
and sample size calculations) and qualitative data from individual interviews and focus
groups with patients and staff members (health care professionals and community
organisations) involved in the process. For each phase of the design, procedure and
approach to data analysis will be described.
Duration of data collection
The proposed study will last approximately one 1 year, as below:
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•

Month 1-3: setting selection and seeking collaboration from clinical and nonclinical settings in Greater Manchester area

•

Month 4: ethical application process and approval

•

Month 5: training site staff in the recruitment process and guidance to data
collection

•

Month 6-7: data collection process with older adults including subject contact,
recruitment, questionnaires, workshop attendance in the community and
explore perceptions of older adult participants

•

Month 8: explore perceptions of staff from clinical and non-clinical settings of
the oral health workshop and willingness to recruit into substantive trial

•

Month 9-10: data analysis

•

Month 11-12: writing up for dissemination of results

Setting Selection
The study will be conducted in the Greater Manchester area. Recruitment will be via a
range of settings appropriate to older adults. Three specific settings will be purposively
selected for the workshop recruitment: 2 clinical settings (NHS general dental practice
and NHS general medical practice) where older adults attend and 1 non-clinical
community setting where older adults would naturally congregate. At present,
recruitment at private dental and medical practices have not been included as
participants gained may not represent those who could most benefit from such an
intervention. The recruitment for the non-clinical community setting will be fluid and
adjustable as part of the feasibility assessment and this will also be used for the
workshop location. Previously identified recruitment settings include AgeUK centres
and via Greater Manchester Older People’s Network.
The qualitative aspect, to explore the perceptions of staff working and interacting with
older adults, may also include other settings e.g. pharmacies, dental hospitals and
other ageing organisations to explore possible recruitment pathways for future oral
health workshops.
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Subjects and sample sizes
Convenience sampling will be used to approach and recruit potential participants into
this study.
Sample size calculations for feasibility studies need to be based on the objectives of
the study. Previous sample sizes for feasibility studies have ranged from 10 to 300
subjects (Billingham, Whitehead, & Julious, 2013) . As there are a number of
objectives, sample size calculations have been provided to indicate we have the
minimum number required to meet all objectives. At a minimum, 50 participants are
required per group (setting) to have completed all the data, including follow-up, as this
is the minimum recommended by Sim and Lewis (Sim & Lewis, 2011) needed to
estimate a standard deviation for a sample size calculation for a full trial. Therefore,
we would recruit 100 participants per group (setting) to allow for an estimate dropout
rate of 25% between approaching the older adults and completion of all
questionnaires and a further 25% dropout in attendance to the oral health workshop.
This would leave approximately 50 participants per group to be available at the end of
the study.
As a qualitative approach is being used to explore the perceptions of participants and
staff from various settings, no formal sample size calculation has been carried out.
Based on previous research, a maximum of 20/30 participants (i.e. 10 per setting) is
likely to be required to achieve saturations (Marshall, Cardon, Poddar, et al., 2013;
Marshman, Innes, Deery, et al., 2012), however recruitment will continue until no new
themes emerge.
Type of participants - users
The following inclusion and exclusion criteria will be adopted:
Inclusion Criteria:
•

Older adults aged 65 years and older

•

Older adults attending the 3 settings: general dental practice, general
medical practice or a GM ageing hub location

Exclusion Criteria:
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•

Older adults who are unable to complete a questionnaire due to learning or
language difficulties

•

Unable to give valid consent

Planned intervention
The intervention includes the oral health workshop described in Chapter 6 and 7
delivered at one GM Ageing Hub location by a trained facilitator. It comprises of a 1hour presentation with hands-on activities and provision of an oral hygiene ‘goody
bag’ including provision of toothbrush, toothpaste and simple oral health advice
sheets. The resources and information for older adults aim to support them to adopt
and maintain good oral health practices and to tackle barriers that prevent them for
achieving this goal.
There will be multiple workshops organised for different days and times to optimise
attendance rates. This schedule will be determined by room availability at the location
and input from older adult participants who will help identify any accessibility issues
that may arise.
Study Procedure
A. Setting selection
Greater Manchester is a metropolitan county and combined authority area in North
West England, comprising of ten metropolitan boroughs: Bolton, Bury, Oldham,
Rochdale, Stockport, Tameside, Trafford, Wigan, Manchester and Salford. Greater
Manchester has a diverse, multicultural population and each borough has a range of
socio-economic levels. Since we need to recruit from three different settings (2 clinical,
1 non-clinical), it is important that these settings are close to each other (i.e. same
borough) as the workshop will take place at the non-clinical community location so it
needs to be accessible for all participants. Each recruitment setting (including potential
workshop location) must be active, cooperative and have regular staff for a point of
contact for the researcher. The settings will be purposively selected to include those
serving varying levels of deprivation and ethnics minorities.
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B. Study site staff involvement
Once the settings are selected, a researcher will contact the member of staff
responsible for recruitment at each setting and invite them to informative session
about the questionnaires required, the workshop intervention and how to explain the
process and relevance to a participant. The practice of the recruitment process and
data collection paperwork will be simulated at this session before progressing into
each of the real study settings.
Regarding the intervention, one trained facilitator (with a dental background) will be
used to conduct each of the workshops in this study to ensure consistency in delivery.
C. Participants inclusion
Participants will be recruited according to the inclusion criteria listed above. Details
about how participants will be recruited in each setting are described in section D
below.
D. Process of study
The approach and recruitment of participants across the three different settings will
take place at the same time. The recruitment process will be conducted in all
participants (n=300) and subsequent completion rates of the workshop will be
compared (see Figure 8.1).
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Figure 8.1 A flow chart of the data collection process

Process in community
1. The trained members of staff at each setting will identify suitable participants
by screening older adults at the location according to the eligibility criteria.
They will explain the study to potential subjects and give them the covering
letter and Participant Information Sheets for older adults. Older adults will be
involved in the design of the covering letter and Participant Information Sheets
A consecutive sample of 100 potential subjects will be approached e.g. in order
of upcoming appointments (in clinical settings) or walk through the door (in
non-clinical settings)
2. A participant who consents and agrees to take part in this study will be asked
to complete relevant questionnaires (if they have sufficient time to do so they
may complete these at the time of recruitment, or they may return at a
different time to do so e.g. at their next appointment or next visit to the
setting)
3. Following completion of all relevant questionnaires, the member of staff will
invite the subject to attend an upcoming oral health workshop and the profile
of those who do and don’t attend the workshop will be evaluated
4. Purposively selected participants will be asked to evaluate the process during a
face-to-face interview. Further opinions, barriers and additional comments will
also be gained through this interview with a researcher
5. Further evaluation will include face-to-face individual or group interviews
conducted with staff members who recruited the older adults to the workshop
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to obtain their opinion about the process, pros and cons, and obstacles during
the process.
6. Other services that engage with older adults and ageing organisations will be
contacted to further discuss other key barriers and facilitators which may
influence their intentions to offer the workshop as a resource in the future and
their willingness to recruit participants to a more substantial trial.
E. Evaluation process
The evaluation will focus on comprehensively assessing the feasibility of conducting an
oral health workshop in the community. The two main evaluation processes in this
study surrounds the primary and secondary objectives – user and setting evaluation.
User evaluation – older adults
1. Profile of older adults will be assessed by demographic and other relevant
questionnaires which will help identify important oral health outcome
measures
2. Retention and completion of older adults through the study will be assessed by
the number that were recruited and then successfully attended the oral health
workshop
3. Participants opinion on the process will be obtained via semi-structured
interviews in selected participants to help understand acceptability of an oral
health workshop intervention and inform a future trial
Setting evaluation – staff
1. The staff will collect data on the number of participants that were approached
and subsequently recruited at each setting
2. Perceptions of the staff at each setting regarding the delivery process,
encountered obstacles will be obtained via focus group discussion
3. Further barriers and facilitators, additional comments and suggestions will be
obtained through these focus groups alongside members of staff at other
settings
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Questionnaires used
Older adult participants will be asked to complete a paper-format questionnaire
including a battery of potential outcome measures:
•

Demographic information (age, sex, ethnicity, IMD decile, number of
concomitant medications and dependency level as described in the Seattle
Care Pathway (Pretty, Ellwood, Lo, et al., 2014))

•

Dental service utilisation, denture-wearing status and self-reported brushing
behaviour

•

Quality of life (as measured by OHIP-14 (Slade, 1997), as identified in Chapter
5)

•

Oral health literacy (assessed using the Test of Functional Health Literacy in
Dentistry for Older Adults, OA-TOFHLiD (Wanichsaithong, Goodwin, & Pretty,
2018) as identified in Chapter 7)

•

Self-efficacy levels (as measured by a validated eight-item five-point ordinal
scale (Mariño, Calache, & Morgan, 2013) as identified in Chapter 5)

•

Willingness to consider attending oral health workshop

Interviews
Qualitative semi-structured interviews will be carried out with a minimum of 10 older
adult participants (based on previous research) from each group (however sampling
will continue until saturation is reached) to explore acceptability of the workshop and
further explore use of the intervention and refinement if necessary. As part of the
original recruitment participants will be asked if they would be interested in taking
part in a qualitative interview. Purposive sampling will be used to include a variety of
participants i.e. those who engage/do not engage with the intervention (workshop
attendees vs non-attendees) etc. Information gained from the feasibility study and
qualitative interviews will be used in the design of the full trial.
Focus groups and in-depth semi-structured interviews will be conducted with the staff
from the 3 different settings (GDP, GMP and ageing community hub) who would be
involved in the recruitment of older adults in order to gain comments and additional
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suggestions for improving the process. Further discussions will be carried out with
staff members at other settings to explore their perceptions and willingness to recruit
participants to a trial and potentially offering the workshop as a resource to their own
older adult patients/client. Sufficient staff participants should be involved to achieve
saturation of information but not so many to prohibit detailed analysis. It is expected
that 10-15 staff members from each type of setting/organisation will be interviewed. A
combination of individual and group interviews will be employed to gain a breadth and
depth of information and at the convenience of the staff members.
F. Data management and analysis
Management of primary data, questionnaires and data collection sheets from the
primary source data will be verified by the investigator or examiner’s signature when
complete. Paper records (all original study documentation) will be kept securely in a
locked room at the sponsor’s office. Electronic data and voice recordings obtained
from interviews/focus groups will be uploaded and stored in the secure, password
protected university-shared drive.
Data will be entered into an electronic database SPSS version 25 for Macintosh (IBM
Corp., 2017) and descriptive statistics, such as mean, standard deviation and
proportion (as a percentage), will be used to describe the general characteristics
(demographics and past dental history) of the study population and report
comparisons between groups. The quantitative data yielded from the questionnaires
such as the oral health literacy scores, self-efficacy levels and quality of life
measurements will be evaluated using mean, standard deviation and range. The
established OA-TOFHLiD cut-off scores will be used to classify participants into two
groups (low OHL vs high OHL) as described in Chapter 7.
For the qualitative data analysis, all interviews will be digitally recorded and
transcribed verbatim as quickly as possible after the event and the recordings deleted
after a short time. All identifying information will be removed from the transcripts to
ensure anonymity. The data will be analysed using framework analysis (Ritchie &
Spencer, 1994) which has been used in many dental health service studies (Borreani,
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Jones, Scambler, et al., 2010). Two researchers will be involved in the analysis of the
transcript files by identifying recurring themes and arranging these into a structured
framework.
These finding will allow an estimate to be made of the number of older adults who
could potentially benefit from a community-based oral health intervention and that
would be need to be assessed in order to identify sufficient patients who are eligible
and willing to take part in a future trial. Our main outcomes of interest are take-up,
recruitment rates, attendance to the workshop, ability to gather patient data and
sample size for a definitive RCT.
Next steps
This stage of the intervention will provide evidence regarding ability to recruit older
adults and their adherence to attending the workshop intervention from different
settings. If the feasibility study proves successful in one or more settings, an
application would be submitted to test the intervention through a full Randomised
Control Trial to determine if an oral health workshop intervention in community-living
older adults could improve oral health outcomes vs control group. This next stage
application could be submitted to RfPB (tier 1)/HTA funding.
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Closing Remarks
The current NHS dental contract does not encourage adequate prevention in older
adults; in particular those that are in need may not be attending a dental practice
setting. Therefore, the use of alternate settings to deliver important oral health
messages and subsequently improve oral care should be explored. Furthermore, a
community-based intervention could be important not only for improving oral health
but may provide an individual with important social interactions necessary for healthy
ageing and well-being.
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