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Chapter 1: General Introduction

Due to global ageing, the number of older people has increased substantially over
recent years [1]. A report from the United Nations showed that the population of
older people is expected to double in size in 2050, compared to 2015 [1]. As a result,
the prevalence of people with dementia will double every 20 years. In 2050, the
expected number of people with dementia will be 115 million [2]. Dementia is an
umbrella term used to describe a range of diseases and symptoms caused by neurodegenerative conditions [3]. Dementia is characterised by memory loss, decline
in cognitive function, impaired communication (e.g., apraxia and/or aphasia), behaviour changes, and decline of functional ability [3, 4]. Often, co-morbidities and
behavioural and psychological symptoms of dementia (BPSD), like aggression and
agitation, co-exist with dementia [4]. Further progression of these characteristics
can ultimately lead to complete loss of capacity and eventually to death. The most
common type of dementia is Alzheimer’s disease, which is diagnosed in approximately 80% of all cases [5]. After that, the second commonest type of dementia
is vascular dementia [6]. Some less common subtypes of dementia are Lewy body
dementia and frontotemporal dementia [7]. There are over 100 different diseases
and conditions that can ultimately cause dementia [8]. Since there is considerable
overlap between the underlying pathologies, there is often difficulty in distinguishing different subtypes of dementia [9]. Sometimes the clinical presentations can be
misleading and often the diagnosis is only confirmed post-mortem[10].

Pain in dementia
Daily, around half of people with dementia experience pain [11]. People with dementia may have altered sensory perception due to the disorder. It is unclear whether
people with dementia have an increased or decreased pain perception as a result
of the same stimulus than those without [10]. A systematic review showed that the
patterns of changes in pain experienced in people with dementia can be different
between subtypes of dementia, due to differences in neuropathology [10]. In the
literature, it is suggested that people with frontotemporal dementia and Alzheimer’s disease experience less pain, while people with vascular dementia experience
more pain than people without dementia as a result of similar stimuli [12, 13]. It
is important to acknowledge that the methodology of the conducted studies was
characterized by some limitations and that clinical diagnoses of subtypes during
lifespan might differ post-mortem [10].
Most common causes of pain in people with dementia are cardiac pain, gastrointestinal pain, and musculoskeletal conditions, pressure ulcers, genitourinary infec-

8

9

Every smile matters

Chapter 1: General Introduction

tions, orofacial pain, and neuropathic pain [11]. Despite these numerous causes
of pain, epidemiological studies show that pain in people with dementia is often
undetected and undertreated, compared to healthy counterparts [14, 15]. Identifying
pain and managing pain in this frail population is often difficult and clinical approaches vary. Pain, a subjective experience, can be challenging to detect in people
who are no longer able to communicate stress or discomfort verbally or non-verbally [16]. As a result, untreated pain may lead to increased BPSD (e.g., aggression,
sleep disturbance, agitation), further functional decline, poor appetite, impaired
quality of life, and impaired movement [17-20].

tions, personal beliefs, and psychological health can be compromised when quality of
life is impaired [28]. Quality of life is a subjective construct, which is ideally reported
by the person concerned. However, in people with advanced dementia, self-report is
no longer possible, and information on quality of life needs to be obtained via a proxy
(e.g., family carer or formal caregiver). However, the possibility of misinterpreting another person’s beliefs and feelings needs to be taken into account. In general, self-reported quality of life is higher than quality of life reported by a proxy [29]. For care
home residents with dementia, there is no significant difference in reported quality of
life outcome between care home staff and family carers [30].

Although the possible correlation between pain and dementia remains unclear, we
can conclude that pain and dementia are often co-existing comorbidities, which
is a growing problem due to the aging population and communication barriers.
Therefore, assessment of prevalence rates of pain and validated tools to identify
pain in this frail population are necessary to gain a clear overview of the problem
for caregivers and to be able to establish suitable management strategies for pain.

The concept of oral health-related quality of life (OHQoL) is based on the perspective that someone’s self-image and self-esteem can be undermined by oral health
problems [31]. Furthermore, oral health problems can lead to pain, stress, or even
depression [31]. Poor oral health can influence vital functions, such as breathing and
swallowing [32]. It is important to acknowledge that a person’s perceptions and values may change during ageing. Because of global ageing, the number of older people
needing dental care and treatment will increase. To provide adequate treatment for
this population, it is important for dental care professionals to know which factors
contribute to better quality of life. However, there is a lack of reviews describing the
associations between oral health and quality of life in this specific population.

Orofacial Pain
Orofacial pain is common in older people [21]. It can be caused by problems in the
face or oral cavity (e.g., problems with the teeth or the masticatory system) [22]. In
general, oral health problems increase with age, due to increased comorbid diseases and decreased self-care [23]. Nowadays, more oral health problems are expected
in the older population, since older people tend to retain more natural teeth, due
to improved dental care during lifespan [24]. Older people with dementia might
develop apraxia and might not be able to properly perform oral care, which further
increases the risk of oral health problems [25]. In advanced stages of dementia,
oral care may become even more difficult, due to dependency on other people and
BPSD [26].

Quality of life
Improving the oral health of older people, including those with comorbid diseases,
can lead to better quality of life [27]. The definition of quality of life of the World
Health Organization is ‘an individual’s perception of their position in life in context
of the culture and value systems in which they live and in relation to their goals,
expectations, standards and concerns’ [28]. A person’s physical health, social rela-
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Pain assessment
To provide effective treatment for orofacial pain, adequate diagnosis is essential. In
the general population, self-report is the gold-standard for pain assessment [33, 34].
For a successful assessment, it is important that the person is able to communicate
verbally and understands what the task involves [16]. In the more advanced stages
of dementia, when verbal communication becomes challenging or even impossible,
even simple yes-or-no questions may not be suitable anymore [16]. In those cases,
observational methods are the only way to indicate the possible presence of pain [11,
16]. To establish one internationally agreed-upon tool for the assessment of pain in
general, representatives from 16 European countries collaborated and developed the
Pain Assessment in individuals with Impaired Cognition (PAIC15) [35]. However, there
is lack of research and instruments to assess dental and orofacial pain via observational methods [21]. Therefore, the Orofacial-Pain Scale for Non-Verbal Individuals
(OPS-NVI) has been developed to identify orofacial pain in people who are no longer
able to communicate verbally [11]. The OPS-NVI consists of four activities (viz., resting, drinking, chewing, and oral care) in which the person is observed for behaviour
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that may indicate pain. Previous studies on reliability and validity of the OPS-NVI
showed promising results [36, 37]. However, to establish a valid tool for clinical use,
more validity testing is necessary.

the unfamiliar environment of the acute hospital and poor pain control [18, 52]. The
misinterpreted pain could than lead to inappropriate prescription of antipsychotics
[53]. As a result, adverse events during admission are more likely to appear and
hospital stay is often extended compared to those without dementia [54].

Oral function and nutrition

In general, during admission, there is no routine assessment of pain. To determine
the requirement of analgesics, often simple questioning is used, regardless of barriers of communication [55]. Another method described, in which familiarity with
the person is vital, is the use of an intuitive approach for the management of pain
[56]. As a result, older people with dementia with impaired verbal communication
are less likely to receive analgesics than those without dementia [15]. More than half
of hospital staff are not satisfied with their ability to identify pain [47]. They indicate
they would like more training in the detection of pain [47]. In addition to the issue
of commonly undetected pain, the oral health of older people, especially those
with dementia admitted to acute hospital wards, is often poor [57]. Furthermore,
their oral health may even worsen by the presence of BPSD, due to for example decreased self-care [58]. Therefore, they are at higher risk of developing orofacial pain
[59]. There is very little data available on the prevalence of orofacial pain in older
people with dementia, especially in those who are unable to communicate verbally,
in acute hospitals.

Oral health problems, such as periodontitis and caries, can lead to loss of teeth [38].
As a result, the oral function of a person can be diminished [38]. Besides the number
of teeth, the distribution of those teeth is very important to maintain chewing ability
[38]. To maintain adequate oral function, previous studies reported that 3-5 occlusal
units (i.e., the number of contacts between upper- and lower (pre)molars) are sufficient [39]. Besides the number and distribution of natural teeth, xerostomia, pain,
and swallowing difficulties can also diminish oral function [40, 41]. When chewing
becomes challenging, this may lead to avoiding certain foods and diminished food
intake [42]. Older people with dementia are at higher risk of oral health problems,
and therefore at higher risk of impaired chewing ability and decreased nutritional
status [43]. Impaired chewing ability, decreased food intake, and poor nutrition can
eventually lead to increased morbidity and mortality risk and decreased quality of life
[44, 45]. Strikingly, the association between oral function, nutrition, and quality of life
in older people with dementia has hardly been studied.

The context of acute hospitals in the United Kingdom
Annually, a quarter of people with dementia in the United Kingdom (UK) have at
least one admission to an acute hospital [46]. More than 25% of hospital beds in the
UK are occupied by people aged 65 years or older with dementia [47]. The person
with dementia might experience the acute hospital ward as a distressing environment, due to unfamiliar busy surroundings, increased noise, unfamiliar staff, and
strange people walking by. Conversely, hospital staff are often less familiar with the
person with dementia or their habits, preferences (i.e., how they like to be communicated with, factors they find worrying or upsetting, or personal care preferences),
and behaviour patterns, compared to care home staff.

The context of care homes with nursing
in the United Kingdom

During their admission, 75% of people with dementia have BPSD, such as aggression and agitation [18, 48]. BPSD is associated with decreased quality of life, increased costs of care, and may lead to depression and burden among caregivers
[49-51]. Some of the symptoms of BPSD could be worsened by the combination of

As a result of declined functional ability, increased frailty, and co-morbid conditions, independent living in the community can become too challenging or even
impossible for older people, and moving to a care home is then necessary. Currently in the UK, almost half a million older people aged 65 or older live in residential
care [60]. As a result of global ageing, an increase in number of care home beds
is expected. However, over recent years, the number of beds have remained stable
[61]. The average number of residents per nurse is 18 during the day and 26 at night
[62]. In the UK there are two types of care homes: 1) residential homes which provide support, accommodation and day to day care; and 2) care homes with nursing,
which have qualified nursing staff available 24/7. In this thesis care homes with
nursing will subsequently be referred to as ‘nursing homes’. The health care profile
of nursing home residents has changed, leading to increased numbers of comorbid
diseases, increased frailty, and more need for physical care [63, 64]. Unfortunately,
there is an enormous turnover and shortfall of nursing staff in the UK [65]. Cuts in
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funding led to a decrease of 44% in the number of fulltime district nurses between
2010 and 2017 [66]. The turnover for care workers and registered nurses was around
30% in 2017 [65].

Outline of this thesis

Epidemiological studies reported that the oral health of nursing home residents is
poorer, compared to older people living in the community [23]. More than two-thirds
of nursing home residents have dementia, which further increases their risk of developing oral health problems [25, 67]. Unfortunately, access to dental care for nursing
home residents is often limited [68]. Nursing home managers indicate that waiting
time for services, problems with mobility and transport, and fear of dentists are
the most common barriers to dental care [69]. Providing oral care to nursing home
residents, especially to those with dementia, can be challenging due to perceived
care-resistant behaviour [26]. Nursing home staff indicate they have insufficient
knowledge and training in how to prevent and manage this behaviour, which often
leads to completely skipping oral care provision [70]. Ultimately, insufficient oral care
provision in the nursing homes and lack of access to professional dental care lead to
more oral health problems and thus to a higher risk to develop orofacial pain.

Chapter 2 provides a systematic review of the literature on the association between
oral health factors and oral health-related quality of life (OHQoL) in people aged 65
years or older. A comprehensive search is performed in five databases. All results
are reported descriptively and categorized according to the following oral health
domains: (1) natural dentition; (2) caries; (3) periodontal conditions; (4) prosthetic
status; and (5) other oral health-related factors.

General aim

In Chapter 5, the prevalence of orofacial pain in nursing home residents with and
without dementia is reported. The associations between the presence of orofacial
pain and health factors are described. In addition, the results of the concurrent
validity testing of the four components of the OPS-NVI in the nursing home setting
are given.

The main aim of this thesis is to assess the prevalence of oral health problems and
orofacial pain and its associated factors in older people with dementia in different
care settings, and to contribute to the development of a validated tool to identify
orofacial pain in this population. Eventually, this will contribute to improvement of
oral health care provision, establishing strategies for the suitable management of
oral health problems and orofacial pain for caregivers of older people with dementia,
and improving oral health-related quality of life.

Chapter 1 is the general introduction to this thesis.

Chapter 3 describes the presence of orofacial pain in older people with dementia
admitted to acute hospital wards. Furthermore, it explores associations between
orofacial pain and oral health factors.
In Chapter 4, the results of the concurrent and predictive validity testing of the
resting and chewing components of the Orofacial-Pain Scale for Non-Verbal Individuals (OPS-NVI) in the acute hospital setting are presented.

Chapter 6 describes the oral function, nutritional status, and quality of life of older nursing home residents with and without dementia. Associations between oral
function, nutritional status, and quality of life are reported.
In Chapter 7, a general discussion is provided.

Objectives

Chapter 8 presents the English summary of this thesis.
Firstly, oral health factors that are associated with OHQoL in people aged 65 years
or older will be identified in a systematic review of the literature. Secondly, the prevalence of orofacial pain and oral health problems in older people with dementia will
be examined in the acute hospital and nursing home setting in the UK. Thirdly, the
validity of the OPS-NVI will be assessed in both settings. Finally, the oral function of
nursing home residents with and without dementia, and its association with nutritional status and quality of life will be examined.
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Abstract

Introduction

Background and Objectives

In 2017, the United Nations published a report about global ageing, showing that
the older population is expected to increase substantially [1].

The number of people aged 65 years or older is growing substantially. As a result
of increased health burden and tooth retention, more oral health problems are expected in this age group. A poor Oral Health-related Quality of Life (OHQoL) can
compromise a person’s psychological state, social relationships, personal beliefs,
and physical health. The aim of this systematic review is to identify oral health
factors associated with OHQoL in people aged 65 years or older, and to give a comprehensive overview of the body of literature for each oral health factor separately.

Research Design and Methods
A comprehensive search was performed in 5 databases. The following terms were
used as index terms or free-text words: ‘Oral Health’, ‘Quality of Life’, ‘Older People’. Two researchers independently assessed studies for eligibility based on predefined criteria.

Results
Of 3,702 references retrieved from the databases, 68 studies were eligible and included (9 RCT’s, 6 cohort studies, and 53 cross-sectional studies). All results were
reported descriptively. OHQoL in people aged 65 years or older is positively associated with higher number of teeth, higher number of occluding pairs, implant-retained overdentures, and the Shortened Dental Arch concept; and negatively associated with xerostomia, orofacial pain, and poor chewing ability. In the current
literature there is no consensus on the association between edentulism, caries, and
periodontal conditions and OHQoL.

Not only will the numbers of older people increase, but since older people are more
likely to suffer from comorbid disease [2], ageing of the world population will lead
to an increased number of people with multiple comorbid diseases [2]. Nowadays,
due to improved dental care during the lifespan, older people tend to retain more
natural teeth [3]. Since impaired general health has a negative effect on oral health,
and more older people have natural teeth, more oral health problems are expected
in this population [2].
Appropriate access to oral health care can improve the overall quality of life, even
in older people with multimorbidity [4]. The World Health Organization defines
quality of life as ‘an individual’s perception of their position in life in the context of
the culture and value systems in which they live and in relation to their goals, expectations, standards and concerns’ [5]. Impaired quality of life can compromise a person’s psychological wellbeing, social relationships, personal beliefs, and physical
health [5]. To focus on how to improve the quality of life of an older person in dental
care, it is important to know which oral health factors contribute to improved quality of life. Only a few previous reviews have reported on oral health factors influencing quality of life in adults [6-9]. Strikingly, with the exception of a single paper,
there are no systematic reviews in the existing literature which comprehensively
synthesise the associations of oral health factors with quality of life in older people
[10]. A person over 65 years old may have different values and perspectives than an
18-year-old adult.

Discussion and Implications
Having a functional dentition (either natural or prosthetic) is important for a good
OHQoL, whereas painful or functional complaints are associated with impaired
OHQoL.

Keywords
Oral health-related quality of life; Dental status; Dentition

The concept of Oral Health-related Quality of Life (OHQoL) is based on the perspective that oral health conditions and diseases can undermine someone’s self-esteem
and self-image, can cause other health problems, can discourage social interaction,
and can lead to pain, stress or depression [11]. Furthermore, it could influence vital
functions, such as swallowing, speaking, and breathing [12]. The most widely used
method to assess OHQoL is multiple items questionnaires [11]. They often contain
questions regarding a person’s perception on physical health, psychological status,
and functional capacity [13].
One of the goals in dental care is to improve OHQoL of patients, which requires
an understanding of which factors contribute to OHQoL [14]. In adults OHQoL
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is affected by impaired oral health [8], including the number of remaining natural
teeth, the number of occluding pairs, and the location of remaining teeth [7, 9], and
periodontal disease [6].
A systematic review conducted in 2013 on the influence of oral health and literacy
on OHQoL, concluded that there is a negative impact of edentulism on OHQoL in
people aged 65 years or older [10]. However, in this systematic review, the results
of the 11 included studies were summarized separately, and the results were not
systematically reported for each oral health factor. With the exception of this single
paper, there are no other systematic reviews that describe the associations of oral
health factors with OHQoL in older people. Due to global ageing, the proportion
of people aged 65 years or older attending dental care clinics will increase substantially. For dental care professionals it is important to know which factors contribute
to improved OHQoL, and what they should focus on when treating this specific
population. Therefore, the aim of this systematic review is to identify oral health
factors associated with OHQoL in people aged 65 years or older, and to give a comprehensive overview of the body of literature for each oral health factor separately.

Research Design and Methods
Search strategy
A review protocol was developed based on the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA)-statement (www.prisma-statement.
org). A comprehensive search was performed in the bibliographic databases
PubMed, Embase, EBSCO/CINAHL, EBSCO/PsycINFO, and Wiley/Cochrane Library from inception up to April 3, 2019, in collaboration with a medical librarian.
The following terms were used (including synonyms and closely related words) as
index terms or free-text words: ‘Oral Health’, ‘Quality of Life’, ‘Older People’. The
search was performed without date or language restriction. After deduplication, all
titles were screened and appropriate abstracts reviewed. The full search strategies
for all databases can be found in Appendix 1 of the Supplementary Material.

• participants stratified for oral health factor (e.g., healthy vs. control);
• validated measurement tool for Quality of Life.
Exclusion criteria were:
• age below 65 years old;
• age not specified;
• participants not stratified for oral health factors;
• case report or review;
• no usable data (e.g., qualitative studies).

Study selection
Titles, abstracts, and full texts were independently screened by a dentist (LR, MSc)
and a dental master student (CS, BSc). Conflicts were resolved by consensus meetings between LR, CS, and RW (neurobiologist, PhD). Two papers were in other languages than English and were screened and assessed by a native speaker and dentist.
The reference lists of all included studies were screened for additional relevant studies, but none were found.

Quality assessment
The quality of the included studies was assessed by one reviewer (LR). The quality
of the included RCT studies was assessed by one reviewer with the Cochrane Risk of
Bias Tool, which assesses RCT studies on selection bias, performance bias, detection
bias, attrition bias, reporting bias, and other bias [15]. The quality of the cohort studies was assessed with the Newcastle Ottawa Scale (NOS), which assesses cohort
studies on selection, comparability, and outcome [16]. Furthermore, the quality of the
included cross-sectional studies was assessed with the Appraisal tool for Cross-Sectional Studies (AXIS tool), which assesses cross-sectional studies on reliability and
relevance (e.g., selection bias, response bias, and internal consistency) [17].

Data extraction

Inclusion and exclusion criteria

Two researchers extracted and reviewed the data from the eligible studies (LR, CS).
The following characteristics were extracted from the included studies: (1) design; (2)
country; (3) age; (4) population; (5) oral health factor; and (6) outcome tool (validated instrument for quality of life).

The titles, abstracts, and full texts were reviewed according to the following inclusion and exclusion criteria. The inclusion criteria were:
• Randomised Clinical Trial (RCT) studies, cross-sectional studies, case-control
studies, or cohort studies;
• older people aged 65 years or above;

The included studies were categorized according to the following oral health factors
domains, which were pre-defined based on the literature [18-20]: (1) natural dentition; (2) caries; (3) periodontal conditions; (4) prosthetic status; and (5) other oral
health-related factors.
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Analysis
All results were reported descriptively and tabulated. Meta-analysis was considered.
However, the studies and results were too heterogeneous (e.g., different study designs and populations, different assessments of the measurements, and different
outcome tools) to conduct meaningful meta-analysis.

3,702 references
imported for screening

1,856 duplicates removed

1,846 studies screened

1,680 studies irrelevant

176 full-test studies
assessed for eligibility

108 studies excluded

Results
Study selection and characteristics
Of the 3,702 references retrieved from the databases, 68 studies were eligible and
included (Figure 1). From the 68 studies, 9 were RCT’s, 6 were cohort studies, and
53 were cross-sectional studies. Of the included studies, one was in Korean and one
was in Portuguese [21, 22]. Characteristics of included studies are described in Table
1. The included papers were published from 30 different countries with 49 conducted in community, 9 in institutional care, and 2 in both. Four studies included older
people with dementia.

36 wrong age group
23 no analysis for particular age
group (65+)
18 not oral health factor vs QoL
16 no validated QoL tool
5 duplicates
6 posters/abstracts/presentations
3 age group unknown
1 only fragment of tool

Quality ratings
Quality ratings are described separately for RCT’s, cohort studies, and cross-sectional studies in Appendices 2, 3, and 4, respectively. In all RCT some sort of bias was present, five out of six cohort studies were of poor quality according to the NOS, and the
quality of the cross-sectional studies ranged from 10 to 20 criteria of the AXIS tool.

68 studies included

Quality of life outcome tools
Of the 68 included papers, 38 papers used the OHIP, or a variety of the OHIP, to
measure OHQoL [23]. Nineteen papers used the GOHAI and nine papers used the
Oral Impact on Daily Performance (OIDP) questionnaire to measure OHQoL [24,
25]. Furthermore, four papers used the Euroqol 5 Dimension (EQ-5D) to measure
general quality of life [26].

9 RCT

6 Cohort

53 Cross-sectional

FIGURE 1 | Flow diagram of study selection.

Results categorized in domains
All reported associations regarding edentulism, number of teeth, number of missing
teeth, and number of occluding pairs are shown in Table 2. Five studies reported significantly lower OHQoL in edentulous participants than in dentate participants [2730], two studies demonstrated a positive association between edentate patients in

comparison to dentate patients and OHQoL [31, 32], and seven studies reported no
significant association between edentulism and OHQoL [33-38]. All studies regarding edentulism were cross-sectional studies. Only two studies, showing either no
significant association or a negative association between edentulism and OHQoL,
met all quality criteria of the AXIS tool [36, 39]. One cohort study of poor quality
showed that participants with permanent tooth loss were most likely to both worsen
and improve OHQoL [40].
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TABLE 1 | Characteristics of included studies.
Paper

Design Country

N

Age mean (SD)

Population

Oral health factor(s)

Outcome
(tool)

Alshammari et al., 2018

CS

200

69.26 (SE 0.34)

elderly patients aged 65+ attending dental
clinics

NT, prosthetic status, pain

GOHAI-Ar

Astrom et al., 2018

Cohort Sweden

3585

70

Swedish people born in 1942

persistent tooth loss, FT

OIDP

Awad et al., 2003

RCT

60

65; 75

persons between the ages 65 and 75 who
wished to replace their dentures

IOD

OHIP, OHIPEDENT

Campos et al., 2017

Cohort Brazil

32

76.7 (SD 6.3);
75.23 (SD 4.4)

partially or completely edentulous elderly
individuals with AD and without AD

new CD

GOHAI

Castrejon-Perez et al., 2017

CS

Mexico

655

70+

home dwelling elders 70+

xerostomia, prosthetic status, periodontal conditions

OHIP-14-SP

Chen et al., 2012

CS

Taiwan

400

77

denture recipients under a new welfare and
public health policy

complete dentures

OHIP-14

Cho et al., 2018

CS

Korea

3034

65+

elderly people

function

EQ-5D

Cicciù et al., 2013

CS

Italy

158

65-87

dentate older people with AD

periodontal conditions

OHIP-14

Cornejo et al., 2013

CS

Spain

194

65+

people aged 65 or older in long-stay centers D vs ED, NT, DMFT, periodontal
conditions, prosthetic status, dental
appearance

GOHAI

da Silva et al., 2011

CS

Brazil

876

72.8

elderly people

NT, AOM, prosthetic status

GOHAI

Dahl et al., 2011

CS

Norway

151

72.1 (68-77)

adults of 68-77 years old

D vs ED, NT, DT

OHIP-14

Emami et al., 2009

RCT

Canada

255

70.0 (SD 4.8)

edentulous elders (65+)

IOD

OHIP-20

Emami et al., 2010

RCT

Canada

173

66-88

edentulous elders (65+)

IOD

OHIP-20

Eric et al., 2012

CS

Bosnia and
Herzegovina

261

65+

community-dwelling adults 65+

NT, NOP

OIDP

Eric et al., 2017

CS

Bosnia and
Herzegovina

120

65+

community-dwelling edentulous adults 65+ new CD

OIDP

Geckili et al., 2011

Cohort Turkey

78

65-82

edentulous complete denture wearers
seeking IOD

IOD

OHIP-14

Gerdin et al., 2005

CS

Sweden

41

83-91

old people living at service homes

xerostomia, hyposalivation

OHIP-14

Göktürk et al., 2018

CS

Turkey

110

72.1 (SD 4.33)

elderly patients from the periodontology
department

periodontal conditions

GOHAI

Ha et al., 2012

Cohort Korea

439

65-93

elderly, who were basic livelihood security
recipients (65+)

prosthetic status

OHIP-14

Hassel et al., 2007

CS

Germany

36

75+

patients wearing FPD or RPD

prosthetic status

OHIP-SUM

Heydecke et al., 2003

RCT

Canada

55

69.4; 68.9

older people seeking denture replacement

IOD, new CD

OHIP-20

Hoeksema et al., 2017

CS

Netherlands

1026

80 (IQR 77-84)

community-living elderly participating in
‘Samen ouder’ programme

dentate, CD, IOD

EQ-5D

Hoeksema et al., 2018

CS

Netherlands

103

79 (72-85)

community living older people

D vs ED

OHIP-14

Saudi Arabia
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Outcome
(tool)

Paper

Design Country

N

Age mean (SD)

Population

Oral health factor(s)

Hsu et al., 2014

CS

Taiwan

332

76.0 (SD 0.4)

community-dwelling, independently living
elderly adults

NT, NOP, prosthetic
status, function

GOHAI-T

Jabbour et al., 2012

RCT

Canada

172

71 (SD 4.5)

edentulous females and males aged 65+

IOD, new CD

OHIP-20

Jensen et al., 2008

CS

USA

641

79.1

community-dwelling elderly persons with
disabilities

NT, xerostomia, CTN

OHIP-14

Johansson et al., 2012

CS

Sweden

9813

65; 75

all 65 and 75 years of age

xerostomia

OIDP

Jung et al., 2008

CS

Korea

268

72.27 (SD 5.22)

community-dwelling older adults

NT, orofacial pain

OHIP-K

Kato et al., 2018

CS

Sweden

804

70, 78, 82, 86, 92

men aged 70, women aged 70, 78, 82, 86
and 92

NT, periodontal
conditions

OHIP-14

Klotz et al., 2017

CS

Germany

169

82.9 (SD 8.9)

nursing home residents with or without
dementia

NT, prosthetic status

GOHAI

Klotz et al., 2018

Cohort Germany

152

73.9 (SD 0.9)

people born in 1930-1932

prosthetic status

GOHAI

Kohli et al., 2017

CS

177

65+

institutionalized and community dwelling
older adults

D vs ED

OHIP-14

Komagamine et al., 2012

Cohort Japan

122

74.4

edentulous patients requiring new CD

new CD

OHIP-EDENT

Lee et al., 2012

CS

Taiwan

947

65+

all elderly over the age of 65

D vs ED, prosthetic status, function

OHIP

Ling et al., 2014

CS

New-Zealand

162

82.6 (SD 6.6)

older people admitted to older persons’
hospital wards

D vs ED, root DT

OHIP-20

Masood et al., 2017

CS

UK

1277

65+

older people

NMT, DT, root DT, PUFA, periodontal conditions, orofacial pain, prosthetic status

OHIP-14

McKenna et al., 2015

RCT

Ireland

89

65+

partially dentate older patients

SDA, RPD

OHIP-14

McKenna et al., 2018

RCT

Ireland

89

65+

partially dentate older patients

SDA, RPD

OHIP-14

Meneses-Gómez et al., 2016

CS

Colombia

342

72.6 (SD 5.9)

elderly population receiving health care at
the public hospital network

AOM, TMJ, prosthetic status

GOHAI

Mihara et al., 2018

CS

Japan

1969

69-71, 79-81

community-dwelling elderly residents

NT, function, prosthetic status

GOHAI

Motallebnejad et al., 2015

CS

Iran

300

71.4 (SD 5.6)

elderly population

D vs ED, prosthetic status, CTN

OHIP-14

Müller et al., 2013

RCT

Switzerland

34

85.0 (SD 6.19);
84.1 (SD 5.55)

very old edentulous patients who depend
on help for activities of daily living

IOD

OHIP-EDENT

Niesten et al., 2016

CS

Netherlands

235

73.1 (SD 5.4); 85.4
(SD 7.1)

care-independent and care-dependent older DT, prosthetic status, CTN
population

GOHAI

Noguchi et al., 2017

CS

Japan

187

77.9 (SD 3.0)

elderly 75+ who have pain in general

NT, DT, FT, periodontal conditions

GOHAI

Östberg et al., 2010

CS

Sweden

186

80+

people with pain problems

function, dental appearance

OHIP-14

Paredes-Rodríguez et al., 2016

CS

Spain

30

80.50 (SD 8.93)

nursing home residents with or without
dementia

NT, xerostomia

OHIP-14

Park et al., 2010

CS

Korea

156

77.4 (SD 6.53)

community-dwelling elders

NT, xerostomia, prosthetic status

OHIP-14

Pearson et al., 2007

RCT

UK

133

80.7; 79.5

older patients requiring CD

new CD

OIDP

USA
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Outcome
(tool)

Paper

Design Country

N

Age mean (SD)

Population

Oral health factor(s)

Porter et al., 2015

CS

UK

179

65-100

older residents of nursing homes

periodontal conditions, sensitive
teeth, orofacial pain, xerostomia

OIDP

Rebelo et al., 2016

CS

Brazil

613

69.27 (SD 3.01)

elderly people

D vs ED, DMFT, prosthetic status

GOHAI

Rodrigues Gomes et al., 2015

CS

Portugal

207

65+

older adults with diabetes

NT, DT, periodontal conditions, xerostomia

OHIP-14

Sáez-Prado et al., 2016

CS

Spain

202

65+

elderly people aged 65 years or more

NT, NMT, DT, DMFT, FT

OHIP-14,
EQ-5D

Santucci et al., 2015

CS

Malta

278

83.5 (SD 6.5)

state institutionalized older adults

NT, NMT, NOP, DT, DMFT, FT, periodontal conditions

OHIP-14,
GOHAI

Shao et al., 2018

CS

China

744

69.3 (65-74)

elders

NT, DMFT, root DT, periodontal
conditions, prosthetic status

GOHAI

Sheiham et al., 2001

CS

UK

202

65+

population aged 65 years and older

D vs ED, NT

OIDP

Skoskiewicz-Malinowska et al., 2019

CS

Poland

500

73 (65-99)

urban residents at the age of 65+

oral dryness

OHIP-14

Slade et al., 1996

CS

Australia, Canada, USA

1642

65+

people aged 65 and older

NMT, root DT, RR, periodontal conditions

OHIP

Souza et al., 2017

CS

Brazil

7619

69.09

older people

D vs ED, prosthetic status, dental
appearance

OIDP

Stenman et al., 2012

CS

Sweden

561

70

elderly individuals

NT, burning mouth

OHIP-14

Strömberg et al., 2013

CS

Sweden

302

65-101

homebound elderly

D vs ED, NT, DT, RR, periodontal
conditions, prosthetic status

GOHAI

Tsakos et al., 2004

CS

Greece

681

71.4 (SD 5.4); 74.5
(SD 6.9)

elderly population

NT, NOP, DT, root DT, periodontal
conditions, prosthetic status

OIDP

Wu et al., 2018

CS

Hong Kong

195

75.3 (SD 6.7)

community dwelling elders

NT, NOP, DT, periodontal conditions GOHAI

Yen et al., 2015

CS

Taiwan

277

76.0

elderly individuals

NT, AOM, orofacial pain, halitosis,
xerostomia, prosthetic status

GOHAI-T

Yoon et al., 2013

CS

Korea

479

74.6

community-dwelling elders aged 65 years
or above

NMT

OHIP-14

Yu et al., 2008

CS

China

155

80.0 (SD 7.2)

hospitalised geriatric patients

D vs ED, NOP, periodontal conditions, xerostomia

GOHAI

Zhou et al., 2012

CS

China

913

73 (SD 6)

older adults

prosthetic status

OHIP-14

Zuluaga et al., 2011

CS

Spain

215

82.9 (SD 7.6)

institutionalised elderly

D vs ED, NT, NOP, DT

GOHAI

Zusman et al., 2016

CS

Israel

987

65+

elderly

prosthetic status, dental appearance

OHIP-14

NOTE | RCT = randomized controlled trial, CS = cross-sectional, USA = United States of America, UK = United Kingdom, SD = standard deviation, IQR = interquartile range, AD = Alzheimer’s Disease, IOD = implant
overdenture, FPD = fixed partial denture, RPD = removable partial denture, CD = conventional denture, D =
dentate, ED = edentate, NT = number of teeth, NMT = number of missing teeth, DMFT = decayed missing
and filled teeth, DT = decayed teeth, NOP = number of occlusal pairs, CTN = clinically assessed treatment
need, PUFA = Presence of severely decayed teeth with visible pulpal involvement, Ulceration caused by dislocated tooth fragments, Fistula and Abscess, SDA = shortened dental arch, AOM = abnormalities oral mucosa, TMJ = temporomandibular joint, FT = filled teeth, RR = retained roots, OHIP = Oral Health Impact Profile,
GOHAI = Geriatric Oral Health Assessment Index, OIDP = Oral Impact on Daily Performance.
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The number of natural teeth was found to be positively associated with OHQoL in
twenty-one studies [22, 29, 33, 34, 38, 41-53], with four studies finding no significant
association between number of teeth and OHQoL [21, 54-56]. Regarding number of
missing teeth, four studies found a significant negative association between number of missing teeth and OHQoL [47, 55, 57, 58], while one study reported no significant association [59]. The study of Santucci et al. was conducted in institutionalised
older people, while the other studies were conducted in community-dwelling older
people.

TABLE 2 | Associations of oral health factors in the natural dentition domain with
oral health-related quality of life.
Paper
Alshammari et al., 2018

N.S.

Cornejo et al., 2013

N.S.

da Silva et al., 2011
Dahl et al., 2011

One study reported a negative association between unfilled anterior spaces (gap
between front teeth) and OHQoL [56]. With regards to occluding pairs (i.e., the
number of pairs of opposing lower and upper teeth), six out of eight studies concluded that there was a positive association between the number of occluding pairs
and OHQoL [29, 37, 42, 49, 50]. The two studies that did not find an association
between the number of occluding pairs and OHQoL, were of poor quality, meeting
only 14 and 12 out of 20 criteria of the AXIS tool [54, 55].

Summary
There is no consensus on the influence of edentulism on OHQoL in people
aged 65 years or older. However, there is overall agreement that a higher number of natural teeth and a higher number of occluding pairs are positively associated with OHQoL.

D vs ED

N.S.

In Table 3, the associations between OHQoL and decayed teeth, Decayed Missing
and Filled Teeth (DMFT), filled teeth, root caries, and retained roots are given.
Seven studies found no significant association between decayed teeth and OHQoL
[22, 29, 34, 45, 47, 60, 61], while four studies found a negative association between
decayed teeth and OHQoL [30, 55, 57, 62]. Four out of five studies reported a negative association between DMFT and OHQoL [36, 47, 55, 63]. Regarding filled teeth,
three studies reported a negative association with OHQoL [47, 49, 64], while one
study reported no significant association [55], and one study reported a positive
association [40].
The link between root caries (caries located on the root surface of a tooth) and
OHQoL remains unclear: three studies reported a negative association between
root caries and OHQoL [58, 63, 65], one study reported a positive association [57],
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N.S.

N.S.

Masood et al., 2017

–
+
+

Noguchi et al., 2016

+

Paredes-Rodríguez et al., 2016

+

Park et al., 2010
Rebelo et al., 2016

+

N.S.

Jensen et al., 2008

Motallebnejad et al., 2015

N.S.
N.S.

Rodrigues-Gomes et al., 2015

+

Saez-Prado et al., 2016

+

–

N.S.

–

Santucci et al., 2015
Shao et al., 2018
Sheiham et al., 2001

+
N.S.

–
–

Stenman et al., 2012

N.S.
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N.S.
+

+

Slade et al., 1996
Souza et al., 2017

NOP

+

Eric et al., 2012

Kohli et al., 2017

NMT

+

Mihara et al., 2018

Caries

NT
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D vs. ED

NT

+

+

NMT

NOP

Tsakos et al., 2004

+

+

Wu et al., 2018

+

+

Yen et al., 2015

+

Yoon et al., 2013
Yu et al., 2008
Zuluaga et al., 2012

+

+

Paper

DT

DMFT

Astrom et al., 2018

+

Dahl et al., 2011

+

Ling et al., 2014

NOTE | D = dentate, ED = edentate, NT = number of teeth, NMT = number of missing teeth, NOP = number
of occluding pairs, + = positive association, - = negative association, N.S. = no significant association.

and another one found no significant association between root caries and OHQoL
[49]. Retained roots (partial root structure that remains in the jaw following fracture
or severely damage by caries) were negatively associated with OHQoL, according
to two studies [30, 58].

–
–

Niesten et al., 2016

N.S.

Noguchi et al., 2016

N.S.

+
–

Rebelo et al., 2016

–

Rodrigues-Gomes et al., 2015

N.S.

Saez-Prado et al., 2016

N.S.

–

–

–

–

N.S.

Tsakos et al., 2004
Wu et al., 2018
Zuluagu et al., 2012

Summary
There is no consensus on the negative association between caries and OHQoL.

Periodontal conditions

Associations between pocket depth, mobility, bleeding, gingivitis, periodontitis, and
abnormalities of the oral mucosa and OHQoL are given in Table 4. Three studies
reported a negative association between pocket depth and OHQoL [55, 58, 63], one
study reported a negative association between mobility and bleeding and OHQoL
[66], and one study reported a negative association between gingivitis and OHQoL
[37]. Two studies found a negative association between periodontitis and OHQoL
[67, 68]. One study reported a positive association between a healthy periodontium
and OHQoL [69].
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–

–

Slade et al., 1996
Strömberg et al., 2013

RR

N.S.

Masood et al., 2017

Santucci et al., 2015

root caries

N.S.

Shao et al., 2018

One study found a negative association between presence of severely decayed
teeth, ulceration caused by dislocated tooth fragments, fistula, and abscesses and
OHQoL [57]. All studies on the influence of caries on OHQoL were cross-sectional
studies, varying with a quality rating from 12 to 20 on the AXIS tool. The different
findings of the studies cannot be explained by the overall difference in quality.

FT
+

Cornejo et al., 2013

N.S.
N.S.

TABLE 3 | Associations of oral health factors in the caries domain with oral
health-related quality of life.

–
–

–
–

N.S.

–

N.S.

–
N.S.

NOTE | DT = Decayed Teeth, DMFT = Decayed Missing and Filled Teeth, FT = Filled Teeth, RR = retained
roots, + = positive association, - = negative association, N.S. = no significant association.

On the other hand, more studies found no significant association between pocket
depth [45, 57, 62], mobility [49], bleeding [57, 62], gingivitis [70], or periodontitis [22,
70] and OHQoL. Additionally, two out of three studies found a negative association
between abnormalities of the oral mucosa (e.g., ulcers, lichen planus, candidiasis)
and OHQoL [63, 71].
Other studies found no significant association between periodontal inflammation
[59], and need for periodontal treatment and OHQoL [33]. All studies regarding
periodontal conditions were cross-sectional studies.
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TABLE 4 | Associations of oral health factors in the periodontal conditions domain
with oral health-related quality of life.
Paper

Pocket depth

Mobility

Bleeding

Castrejon-Perez et
al., 2017

Gingivitis

Periodontitis

N.S.

N.S.

da Silva et al., 2011

–

Göktürk et al.,
2018

–

Kato et al., 2018

–

Masood et al.,
2017

N.S.

N.S.

Meneses-Gomes
et al., 2016
Noguchi et al.,
2016

N.S.
N.S.

Porter et al., 2015

–

N.S.

Santucci et al.,
2015

–

Shao et al., 2018

–

Slade et al., 1996

–

–

Strömberg et al.,
2013

+

Tsakos et al., 2004

N.S.
N.S.

Table 5 shows the associations between the prosthetic status and OHQoL. Four studies found a positive association between the use of removable dentures and OHQoL
[28, 32, 53, 71], six studies reported negative associations [48, 57, 59, 72, 73], and
three other studies found no significant associations [33, 52, 54]. Only one of these
studies, reporting no significant association, was a cohort study [52]. All other studies were cross-sectional studies. A negative significant association between OHQoL
and non-functional dentures (dentures without stability, retention, and extension)
was reported by two studies [53, 70]. Another cross-sectional study reported a negative association between OHQoL and dentures causing ulcers or bad breath [74].
One cohort study of good quality found an association between type of dental prosthesis and OHQoL, indicating a greater OHQoL in participants with a fixed dental
prosthesis than those who wore removable dental prosthesis and conventional dentures [53].
Moreover, after insertion of a new conventional denture, most studies, of which two
RCT’s, reported a positive association between new dentures and OHQoL [52, 7579], except for one RCT, which mentioned no significant association [80].

–

Rodrigues-Gomes
et al., 2015

Wu et al., 2018

AOM

Prosthetic status

Seven studies, of which five were RCT’s, found statistically significant positive correlations between implant-retained overdentures in comparison with conventional
dentures and OHQoL [27, 77, 80-84]. Also, implant-retained overdentures compared
with new conventional prostheses showed positive correlations with OHQoL, according to two RCTs [83, 85]. One cross-sectional study reported no significant differences in OHQoL between patients with implant-retained overdentures and dentate
patients [27].

N.S.

Yu et al., 2008

–

NOTE | AOM = abnormalities oral mucosa, + = positive association, - = negative association, N.S. = no
significant association.

Summary
There is no consensus on the negative association between periodontal conditions and OHQoL. From the 18 included studies, eight studies reported a negative association, one study reported a positive association, and nine studies
reported no significant association.
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Furthermore, only one study reported positive associations between OHQoL and
characteristics of the removable partial denture (RPD), such as: aesthetics, retention, and fit [86]. This is in contrast to fixed partial dentures, where no significant
association between OHQoL and aesthetics was found [86]. One study found positive associations between OHQoL and the aesthetics and speech function of the
conventional denture [78]. For maxillary denture retention and mandibular denture
stability, positive associations were found with OHQoL as well [87]. McKenna et al.
conducted a RCT, showing that, regarding tooth replacement strategies for partially
dentate people, treatment according to the Shortened Dental Arch (SDA) concept
resulted in better OHQoL than treatment with RPD after 1-year and 2-year follow-up
[88].
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TABLE 5 | Associations of oral health factors in the prosthetic domain with oral
health-related quality of life.
Paper

Awad et al., 2003

IOD
vs
CD

IOD
Denture
vs
treatment
new CD
need

PD
vs
CD

Using
dentures

+

Campos et al., 2017
N.S./–

N.S.

da Silva et al., 2011

–

+

Emami et al., 2009

+

Emami et al., 2010

+

+

Eric et al., 2017

+
+

Ha et al., 2012

N.S.

Heydecke et al., 2003

+

Hoeksema et al., 2017

+

N.S.

+
N.S.

Hsu et al., 2014

N.S.
+

+

Klotz et al., 2017

N.S.

+

Komagamine et al., 2012

+

Masood et al., 2017

–

Mihara et al., 2018

–

Meneses-Gomes et al., 2016

N.S.

Motallebnejad et al., 2015
Müller et al., 2013

IOD
Denture
vs
treatment
new CD
need

Yen et al., 2015

–

PD
vs
CD

Using
dentures

New
CD

N.S. / –

Yoon et al., 2013

–

Zhou et al., 2012

–

Zusman et al., 2016

–

NOTE | IOD = implant-retained overdenture, CD = conventional denture, PD = partial denture, + = positive
association, - = negative association, N.S. = no significant association.

–

Cornejo et al., 2013

Jabbour et al., 2012

IOD
vs
CD

+

Castrejon-Perez et al., 2017

Geckili et al., 2011

New
CD

Paper

+
N.S.

Park et al., 2010

N.S.

Pearson et al., 2007

Other oral-health related factors

The associations of other oral health factors that may have an influence on OHQoL
are presented in Table 6. Most (8 out of 10) included studies found statistically
significant negative associations between xerostomia and OHQoL scores [21, 22,
46, 66, 70, 89, 90]. There was no statistically significant association between hyposalivation and OHQoL [89]. One study found a significant negative association
between OHQoL and clinical symptoms of oral dryness [91].
One study reported no significant associations between OHQoL and orofacial
pain, in contrast to four other studies that found negative associations [44, 51, 57,
66]. The study that reported no significant association, had the lowest quality rating
(14/20) [51].

+

Niesten et al., 2016

Summary
There is no consensus of the influence of the use of dentures on OHQoL. Being satisfied with the dentures, proper function of the dentures, and no need
for denture treatment, were positively associated with OHQoL. Several RCT’s
show a positive effect of implant-retained overdentures on OHQoL, and one
RCT shows a positive correlation of the SDA concept compared to RPD.

+

Rebelo et al., 2016

–

Shao et al., 2018

–

Souza et al., 2017

+

Strömberg et al., 2013

–

Tsakos et al., 2004

–
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Furthermore, negative associations between OHQoL and the following oral health
factors were reported by cross-sectional studies: presence of symptoms in the temporomandibular joint [92], sensitive teeth [66], halitosis [51], clinically assessed
treatment need [28, 43, 60], and a poor opinion of their dental appearance [32, 33,
56, 92, 93]. There was no association between OHQoL and burning mouth [56].
Moreover, three studies found positive associations between OHQoL and chewing
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TABLE 6 | Associations of remaining oral health factors with oral health-related
quality of life.
Paper

Xerostomia

Alshammari et al., 2018
Castrejon-Perez et al., 2017

Orofacial pain

Chewing function

–
–

Cho et al., 2018
Gerdin et al., 2005

+
–

Hsu et al., 2014
Jensen et al., 2008
Johansson et al., 2012

+
N.S.
–

Jung et al., 2008

–

Masood et al., 2017

–

Östberg et al., 2011

N.S.
+

Paredes-Rodríguez et al., 2016

–

Park et al., 2010

–

Porter et al., 2015

–

Rodrigues-Gomes et al., 2015

–

Yen et al., 2015

N.S.

Yu et al., 2008

–

–
N.S.

NOTE | + = positive association, – = negative association, N.S. = no significant association.

ability [54, 93], but one study found no significant association [31]. One study reported a significant positive association between occlusal force and OHQoL [94].

Summary
OHQoL is associated with xerostomia, but no association was found with hyposalivation. Furthermore, orofacial pain and poor chewing ability were negatively associated with OHQoL.

Discussion and Implications
The aim of this systematic review was to identify oral health factors associated with
OHQoL in people aged 65 years or older, and to give a comprehensive overview
of the body of literature for each oral health factor separately. We found higher
number of natural teeth, higher number of occluding pairs, being satisfied with
dentures, proper function of dentures, and not having a need for denture treatment
were positively associated with OHQoL. Implant-retained overdentures compared
to conventional dentures, and SDA concept compared to RPD, resulted in a better
OHQoL in people aged 65 years or older. Xerostomia, orofacial pain, and poor
chewing ability were found to be negatively associated with OHQoL. There is no
consensus in the current literature regarding the association between OHQoL and
caries, periodontal conditions, and edentulism.
Natural dentition

Another systematic review concluded that edentulism in older people is associated with a poor quality of life [10]. However, they described the results of 11 papers
separately, without clearly describing on what their final conclusion was based [10].
In our systematic search, it was found that most studies did not find a significant
association between edentulism and OHQoL in people aged 65 years or older, and
that there were two studies that reported a better OHQoL in edentate participants,
due to the absence of dental problems that can only occur in natural teeth [31, 32].
The overall consensus on the negative effect of tooth loss has also been reported
in the adult population [7, 9]. A systematic review on qualitative studies shows that
tooth loss is not only associated with diminished oral function, but is also associated with less self-esteem and loss of social status [95].
Caries

In the current literature, there is no consensus on the influence of caries on OHQoL
in people aged 65 years or older. Impaired OHQoL due to caries may be caused by
pain, poor aesthetics, or halitosis [55]. However, it is important to acknowledge that
carious lesions do not always cause pain or may not be in the aesthetic zone, and
as such, does not influence self-rated OHQoL.
Periodontal conditions

We found no consensus on the associations between periodontal conditions and
OHQoL. Another systematic review found periodontal diseases have a negative impact on quality of life in adults, depending on the severity of the periodontal disease
[6]. However, periodontal disease is recognised as a ‘silent’ disease, causing only a
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few or no symptoms, which could explain the results of the studies that did not find
an association between periodontal conditions and OHQoL. Although periodontal
disease may not directly lead to impaired OHQoL, it can ultimately lead to loss of
teeth, and therefore have a negative impact on OHQoL in older people [96].

Chewing ability has previously been reported as significantly related to lower
OHQoL scores [103]. In our review, poor chewing ability was also found to be negatively associated with OHQoL in people aged 65 years or older. This could be
explained by diminished food intake and different food intake, which is caused by
poor chewing ability [104].

Prosthetic status

A previous review found a positive association between OHQoL and implant-retained overdentures compared to conventional dentures in the adult population
[97]. We showed similar results for people aged 65 years or older. Implant-retained
overdentures have better stability and retention, which supports patients’ satisfaction [83]. This results in better chewing ability and improvement in aesthetics,
speech, food choice, and social activity [80]. Dissatisfaction with conventional dentures is the most common reason to fit implant-retained overdentures, which could
also explain the better OHQoL of implant-retained overdentures compared to conventional dentures [84].
Furthermore, regarding tooth replacement strategies for partially dentate people,
the Shortened Dental Arch concept compared to Removable Partial Dentures resulted in a better OHQoL in people aged 65 years or older in this study. These
results are in contrast with another review, which concluded that the SDA concept
appears to be as feasible as RPD in terms of OHQoL in adults [98]. A recently conducted RCT showed no differences in chewing capacity between patients with SDA
or RPD [99]. Besides, patients often indicate that they do not want to have removable dentures [100]. The shortened dental arch concept can therefore be a good
strategy to prevent overtreatment and discomfort of removable dentures, while
preserving a functional dentition [88].
Other oral-health related factors

Xerostomia is negatively associated with OHQoL, according to a few reviews [1820]. Xerostomia impacts on difficulties in swallowing and chewing, burning sensation, pain in salivary glands, and speech difficulties [18].
Furthermore, our review shows that orofacial pain has a negative influence on
OHQoL in people aged 65 years or older. In adults, besides dental pain, negative
associations were reported between temporomandibular disorders and OHQoL
[101]. Pain is known to have a negative impact on a person’s physical and mental
state, and social functioning [102].
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Quality assessment
From the 68 studies, 9 were RCT’s, 6 were cohort studies, and 53 were cross-sectional studies. The RCT studies reported on the influence of implant-retained overdentures, conventional dentures, and the SDA concept on OHQoL, while the cohort
studies reported on the influence of implant-retained overdentures, (new) conventional dentures, and fixed or removable dentures on OHQoL. All other oral health
factors were described in cross-sectional studies. It is important to acknowledge
that results reported by cross-sectional studies cannot be used to determine cause
and effect. However, cross-sectional studies are commonly used to determine factors that associate with a certain health related problem, in this case OHQoL. Most
studies showed methodological flaws and some sort of bias. Performance and detection bias were often present in the RCT studies. According to the NOS, only one
cohort study was of good quality and from the 53 cross-sectional studies, only three
studies met all 20 criteria of the AXIS tool [66].

Strengths & Limitations
This is the first systematic review on OHQoL for people aged 65 years or over
including all oral health-related factors. Strengths include unrestricted literature
searches, no language limitations, and study selection performed independently
by two researchers.
Nonetheless, the sample size in each study varied greatly, from 32 participants in
one study to a national survey (9,813 participants) study. Due to different study designs and populations, different assessments of the measurements, and different
outcome tools, no meta-analysis could be performed. Furthermore, some studies
did not adjust for confounders (e.g., age, gender, educational level, frailty, and general health) and the non-response rate was often not described, resulting in an
increased risk for selection bias. In this review, we considered 65 years as the cut
off point for older people. It is important to acknowledge, however, that in other
countries younger individuals could be considered as older people. Most of the
included studies were cross-sectional. Future research with longer follow-ups and
RCTs are needed to understand causal associations.
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Clinical Implications
As people age, their perceptions and values with respect to quality of life may
change [56], and it is important to adjust the dental care accordingly. This review
shows that to preserve a good OHQoL in dentate people aged 65 years or older, it
is important to prevent tooth loss to preserve a good oral health-related quality of
life. However, it should be acknowledged that more oral health problems can occur
in dentate older people, due to impaired oral self-care and increased comorbid
diseases [2]. This review shows that it remains unclear whether being dentate in
people aged 65 years or older is preferable in terms of OHQoL than being edentate.
People aged 65 years or older might benefit more from well-functioning dentures
than from being dentate. More research is needed to determine at what point (e.g.,
number of teeth, missing front teeth) having well-functioning dentures is preferred
over being dentate in terms of OHQoL. Furthermore, dental care in this population
must focus on being free of pain and retain proper chewing ability. The results of
the included studies are at population level, which should not mask the diversity on
individual level. It is therefore recommended to evaluate each person’s perceptions
and wishes separately, to achieve the best possible treatment choice.

Conclusion
This is the first systematic review on OHQoL for people aged 65 years or over including all oral health-related factors. Having a functional dentition (either natural
or prosthetic) is important for a good OHQoL, whereas painful or functional complaints are associated with impaired OHQoL.
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APPENDIX 1 | Full search strategies for all databases.
PubMed Session Results (03 Apr 2019)
Search Query

Items found

#4

#1 AND #2 AND #3

#3

“Aged”[Mesh] OR “Geriatric Dentistry”[Mesh] OR “Dental Care for
Aged”[Mesh] OR elder*[tw] OR eldest[tw] OR frail*[tw] OR geriatri*[tw]
OR old age*[tw] OR oldest old*[tw] OR senior*[tw] OR senium[tw] OR
very old*[tw] OR septuagenarian*[tw] OR octagenarian*[tw] OR octogenarian*[tw] OR nonagenarian*[tw] OR centarian*[tw] OR centenarian*[tw] OR supercentenarian*[tw] OR older people[tw] OR older subject*[tw] OR older patient*[tw] OR older age*[tw] OR older adult*[tw] OR
older man[tw] OR older men[tw] OR older male*[tw] OR older woman[tw]
OR older women[tw] OR older female*[tw] OR older population*[tw] OR
older person*[tw]

1,413

#2

“Quality of Life”[Mesh] OR life qualit*[tiab] OR “quality of life”[tiab] OR
“qol”[tiab] OR “hrql”[tiab] OR “hrqol”[tiab] OR living qualit*[tiab] OR
“quality of living”[tiab]

299,734

#1

“Oral Health”[Mesh] OR oral health[tiab] OR periodontal health[tiab] OR
periodontal status[tiab]

32,625

3,121,040

Embase.com Session Results (03 Apr 2019)
Search Query

52

Items found

#4

#1 AND #2 AND #3

1,420

#3

‘aged’/exp OR elder*:ab,ti,kw OR eldest:ab,ti,kw OR frail*:ab,ti,kw OR
geriatri*:ab,ti,kw OR ‘old age*’:ab,ti,kw OR ‘oldest old*’:ab,ti,kw OR
senior*:ab,ti,kw OR senium:ab,ti,kw OR ‘very old*’:ab,ti,kw OR septuagenarian*:ab,ti,kw OR octagenarian*:ab,ti,kw OR octogenarian*:ab,ti,kw
OR nonagenarian*:ab,ti,kw OR centarian*:ab,ti,kw OR centenarian*:ab,ti,kw OR supercentenarian*:ab,ti,kw OR ‘older people’:ab,ti,kw
OR ‘older subject*’:ab,ti,kw OR ‘older patient*’:ab,ti,kw OR ‘older
age*’:ab,ti,kw OR ‘older adult*’:ab,ti,kw OR ‘older man’:ab,ti,kw OR
‘older men’:ab,ti,kw OR ‘older male*’:ab,ti,kw OR ‘older woman’:ab,ti,kw
OR ‘older women’:ab,ti,kw OR ‘older female*’:ab,ti,kw OR ‘older population*’:ab,ti,kw OR ‘older person*’:ab,ti,kw

#2

‘quality of life’/exp OR ((life OR living) NEAR/3 qualit*):ab,ti,kw OR
qol:ab,ti,kw OR hrql:ab,ti,kw OR hrqol:ab,ti,kw

535,127

#1

‘dental health’/exp OR ‘oral health’:ab,ti,kw OR ‘periodontal
health’:ab,ti,kw OR ‘periodontal status’:ab,ti,kw

29,748

53

3,142,637
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Wiley / Cochrane Library Session Results (03 Apr 2019)
Search Query

Search Query
Items found

#4

#1 AND #2 AND #3

#3

(elder* or eldest or frail* or geriatri* or (old NEXT age*) or (oldest NEXT
old*) or senior* or senium or (very NEXT old*) or septuagenarian*
or octagenarian* or octogenarian* or nonagenarian* or centarian* or
centenarian* or supercentenarian* or (older NEXT people) or (older
NEXT subject*) or (older NEXT patient*) or (older NEXT age*) or (older
NEXT adult*) or (older NEXT man) or (older NEXT men) or (older NEXT
male*) or (older NEXT woman) or (older NEXT women) or (older NEXT
female*) or (older NEXT population*) or (older NEXT person*)):ab,ti,kw

70,163

#2

(((life or living) near/3 qualit*) or qol or hrql or hrqol):ab,ti,kw

96,090

#1

((oral NEXT health) or (periodontal NEXT health) or (periodontal NEXT
status)):ab,ti,kw

3,015

S2

96

S1

S4
S3

Search Query

54

149,670

16,223

Items found

S4

S1 AND S2 AND S3

S3

TI (elder* OR eldest OR frail* OR geriatri* OR “old age*” OR “oldest
old*” OR senior* OR senium OR “very old*” OR septuagenarian* OR
octagenarian* OR octogenarian* OR nonagenarian* OR centarian*
OR centenarian* OR supercentenarian* OR “older people” OR “older
subject*” OR “older patient*” OR “older age*” OR “older adult*” OR
“older man” OR “older men” OR “older male*” OR “older woman” OR
“older women” OR “older female*” OR “older population*” OR “older
person*”) OR AB (elder* OR eldest OR frail* OR geriatri* OR “old age*”
OR “oldest old*” OR senior* OR senium OR “very old*” OR septuagenarian* OR octagenarian* OR octogenarian* OR nonagenarian* OR
centarian* OR centenarian* OR supercentenarian* OR “older people”
OR “older subject*” OR “older patient*” OR “older age*” OR “older
adult*” OR “older man” OR “older men” OR “older male*” OR “older
woman” OR “older women” OR “older female*” OR “older population*”
OR “older person*”) OR KW (elder* OR eldest OR frail* OR geriatri* OR
“old age*” OR “oldest old*” OR senior* OR senium OR “very old*” OR
septuagenarian* OR octagenarian* OR octogenarian* OR nonagenarian* OR centarian* OR centenarian* OR supercentenarian* OR “older
people” OR “older subject*” OR “older patient*” OR “older age*” OR
“older adult*” OR “older man” OR “older men” OR “older male*” OR
“older woman” OR “older women” OR “older female*” OR “older population*” OR “older person*”)

171,270

S2

DE “Quality of Life” OR TI (((life OR living) N3 qualit*) OR qol OR hrql
OR hrqol) OR AB (((life OR living) N3 qualit*) OR qol OR hrql OR hrqol)
OR KW (((life OR living) N3 qualit*) OR qol OR hrql OR hrqol)

79,750

S1

DE “Oral Health” OR TI (“oral health” OR “periodontal health” OR
“periodontal status”) OR AB (“oral health” OR “periodontal health” OR
“periodontal status”) OR KW (“oral health” OR “periodontal health” OR
“periodontal status”)

1,556

Items found

S1 AND S2 AND S3
(MH “Aged+”) OR (MH “Dental Care for Aged”) OR TI (elder* OR eldest OR frail* OR geriatri* OR “old age*” OR “oldest old*” OR senior*
OR senium OR “very old*” OR septuagenarian* OR octagenarian* OR
octogenarian* OR nonagenarian* OR centarian* OR centenarian* OR
supercentenarian* OR “older people” OR “older subject*” OR “older
patient*” OR “older age*” OR “older adult*” OR “older man” OR “older
men” OR “older male*” OR “older woman” OR “older women” OR “older female*” OR “older population*” OR “older person*”) OR AB (elder*
OR eldest OR frail* OR geriatri* OR “old age*” OR “oldest old*” OR senior* OR senium OR “very old*” OR septuagenarian* OR octagenarian*
OR octogenarian* OR nonagenarian* OR centarian* OR centenarian*
OR supercentenarian* OR “older people” OR “older subject*” OR “older
patient*” OR “older age*” OR “older adult*” OR “older man” OR “older
men” OR “older male*” OR “older woman” OR “older women” OR “older female*” OR “older population*” OR “older person*”) OR SU (elder*
OR eldest OR frail* OR geriatri* OR “old age*” OR “oldest old*” OR senior* OR senium OR “very old*” OR septuagenarian* OR octagenarian*
OR octogenarian* OR nonagenarian* OR centarian* OR centenarian*
OR supercentenarian* OR “older people” OR “older subject*” OR “older
patient*” OR “older age*” OR “older adult*” OR “older man” OR “older
men” OR “older male*” OR “older woman” OR “older women” OR “older female*” OR “older population*” OR “older person*”)

(MH “Quality of Life”) OR TI (((life OR living) N3 qualit*) OR qol OR
hrql OR hrqol) OR AB (((life OR living) N3 qualit*) OR qol OR hrql OR
hrqol) OR SU (((life OR living) N3 qualit*) OR qol OR hrql OR hrqol)
(MH “Oral Health”) OR TI (“oral health” OR “periodontal health” OR
“periodontal status”) OR AB (“oral health” OR “periodontal health” OR
“periodontal status”) OR SU (“oral health” OR “periodontal health” OR
“periodontal status”)

PsycINFO (Ebsco) Session Results (03 Apr 2019)

CINAHL (Ebsco) Session Results (03 Apr 2019)
Search Query

Items found

693
780,706
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APPENDIX 2 | Methodological quality assessment of the included RCT studies
with the Cochrane Risk of Bias tool.
Paper

Selection Performance
bias
bias

Detection
bias

Attrition
bias

Reporting
bias

Other
bias

Awad et al., 2003

–

+

+

–

–

+

Emami et al., 2010

–

+

+

–

–

+

Emami et al., 2009

–

+

+

–

–

+

Heydecke et al.,
2003

–

+

+

–

–

+

Jabbour et al., 2012

–

+

+

–

–

+

McKenna et al.,
2015

–

+

–

–

–

–

McKenna et al.,
2018

–

+

+

–

–

–

Müller et al., 2013

–

+

+

+

–

–

Pearson et al., 2007

–

+

–

–

–

–

NOTE | RCT = randomized controlled trial, + = bias is present, – = bias is not present.
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APPENDIX 3 | Methodological quality assessment of the included cohort studies
with the NOS.
Selection
Paper
Astrom et al.,
2018
Campos et
al., 2017
Geckili et al.,
2011
Ha et al.,
2012
Klotz et al.,
2018
Komagamine
et al., 2012

1

2

3

4

Comparability
5

Outcome

a (1)

a (1)

c

a (1)

b (1)

c

a (1)

b (1)

a (1)

a (1)

a (1)

c

c

a (1) a (1)

6

b (1)

a (1)

a (1)

a (1)

c

c

a (1) a (1)

6

b (1)

a (1)

a (1)

b

a (1)

c

b

c

4

a (1)

a (1)

a (1)

a (1)

b (1)

c

a (1)

7

b (1)

a (1)

a (1)

a (1)

b (1)

c

b

b
(1)
c

6

7

8
c

Total
score
5

5

Quality
rating
poor
quality
poor
quality
poor
quality
poor
quality
good
quality
poor
quality

NOTE | NOS = Newcastle-Ottawa Scale, ( ) = number of stars; Good quality: 3 or 4 stars in selection domain
AND 1 or 2 stars in comparability domain AND 2 or 3 stars in outcome domain; Fair quality: 2 stars in selection domain AND 1 or 2 stars in comparability domain AND 2 or 3 stars in outcome domain; Poor quality: 0
or 1 star in selection domain OR 0 stars in comparability domain OR 0 or 1 stars in outcome domain.
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APPENDIX 4 | Methodological quality assessment of the cross-sectional studies
with the Appraisal tool for Cross-Sectional Studies (AXIS tool).
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NOTE | Q = Question, ? = unclear. a = Item is reverse scored (i.e., no is a positive).
Q1
Were the aims/objectives of the study clear?
Q2
Was the study design appropriate for the stated aim(s)?
Q3
Was the sample size justified?
Q4
Was the target/reference population clearly defined? (Is it clear who the research was about?)
Q5
Was the sample frame taken from an appropriate population base so that is closely represented the
target/reference population under investigation?
Q6
Was the selection process likely to select subjects/participants that were representative of the target/
reference population under investigation?
Q7
Were measures undertaken to address and categorise non-responders?
Q8
Were the risk factor and outcome variables measured appropriate to the aims of the study?
Q9
Were the risk factors and outcome variables measured correctly using instruments/measurements
that had been trialled, piloted or published previously?
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Is it clear what was used to determined statistical significance and/or precision estimates? (e.g. p-values, confidence intervals)
Were methods (including statistical methods) sufficiently described to enable them to be repeated?
Were the basic data adequately described?
Does the response rate raise concerns about non-response bias?
If appropriate, was information about non-responders described?
Were the results internally consistent?
Were the results presented for all the analyses described in the methods?
Were the authors’ discussion and conclusions justified by the results?
Were the limitations of the study discussed?
Were there any funding sources or conflicts of interest that may affect the authors’ interpretation of the
results?
Was ethical approval or consent of participants attained?
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Abstract

Background

Background

Due to global ageing, the prevalence of dementia will double every 20 years, with
an expected 115 million people with dementia by 2050 [1]. Approximately 50% of
people with dementia experience pain daily [2]. This can be difficult to detect, and
is therefore often under-treated [3].

Orofacial pain in people with dementia is difficult to detect, and often under-treated. Our aim was to investigate the prevalence of orofacial pain in people with dementia in acute hospitals in the UK. Secondary aims were to examine oral health
status and explore associations between orofacial pain and oral health factors.

Methods
This cross-sectional observational study was carried out in two UK hospitals. Using
the Orofacial Pain Scale in Non-Verbal Individuals (OPS-NVI) to identify orofacial
pain, 101 participants with dementia, admitted to acute medical wards, were observed for at least 3 min during rest and chewing. Verbal participants were then
asked about presence of orofacial pain, using self-report pain scales. Finally, a brief
oral assessment was performed.

Results
Orofacial pain, assessed with the OPS-NVI, was present in 11.9% (95% C.I. 5.9,
18.8) of participants at rest and 21.9% (95% C.I. 14.6, 31.3) whilst chewing. Participants who were no longer able to self-report pain were significantly more likely to
experience orofacial pain. Oral health in both dentate and edentate participants
was poor. Brush frequency, indication of chewing quality, consistency of the food,
presence of extra-oral abnormalities, person who performed mouth care, and oral
hygiene in dentate participants were significant predictors for the presence of orofacial pain.

Conclusion
Improving oral care in acute hospital patients with dementia, particularly those
who cannot self-report pain, may significantly reduce pain and suffering in this
population.

Keywords
Dementia; Orofacial pain; Acute hospital; Oral health; OPS-NVI

Orofacial pain is common in people aged 70 years or above and may be caused by
teeth or their supporting tissues, the muscles and joints of the masticatory system,
or other non-odontogenic tissues [4, 5]. In the general population, oral health problems increase with age [6]. In people with dementia, oral health problems are even
more common; they might develop apraxia and become unable to care for their
mouth and teeth, or in the more advanced stages, they may resist care [7]. Conversely, poor oral health may be a risk factor for the development of cognitive impairment, associated with malnutrition or diminished stress regulation ability [8].
Oral health problems are one of the main causes of orofacial pain [9]. The prevalence of orofacial pain in older people aged 60 years or above without dementia is
6.7-18.5% and the few studies reporting on orofacial pain in people aged 60 years
or above with dementia give a prevalence between 7.4 and 21.7% [9-11].
For pain assessment, self-report pain scales are the ‘gold standard’, but it is vital
that the person is able to understand what the task involves and is able to communicate how they rate themselves on the scales [12]. Some people with dementia
may be unable to answer simple ‘yes or no’ questions, and therefore self-reported
pain assessment is not suitable, and direct observation is needed [2, 12]. The Orofacial-Pain Scale for Non-Verbal Individuals (OPS-NVI), is currently being developed
to diagnose orofacial pain in patients who are unable to communicate verbally [2].
In the UK, annually, 25% of people with dementia have an admission to an acute
hospital and there is often no routine assessment of pain [13]. Older people admitted to acute hospitals often have poor oral health and the risk of this is increased
for people with dementia [14].

Aims
The primary aim of this study was to examine the prevalence of orofacial pain in
people older than 70 years with dementia admitted to UK acute hospitals. The secondary aims were to examine oral health of people with dementia admitted to acute
hospital and to explore associations between orofacial pain and oral health factors.
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Methods

TABLE 1 | Behaviour items of the OPS-NVI.

Study design and participants
Data were collected cross-sectionally by one researcher, on older people’s wards of two
hospitals. Hospital 1 is located in central London, hospital 2 is located in the suburbs of
London. Participants were eligible for inclusion if they were aged 70 years or above, had
a clinical diagnosis of dementia, and their English language was sufficient to complete
the study ratings. Patients who indicated verbally, or non-verbally, that they did not wish
to participate, those with delirium, or those with clinical concerns were also excluded.

Category

Behaviour

Facial activities

Frowning
Narrowing or closing eyes
Raising upper lip
Opened mouth
Tightened lips

Body movements

Resisting care
Guarding
Rubbing
Restlessness

Vocalizations

Using offensive words
Using pain-related words
Screaming/shouting
Groaning

Specific

Restricting jaw movement
Refusing prosthetics
Drooling

Ethics approval and consent
The procedure for obtaining informed consent was developed to comply with capacity
legislation governing England and Wales (Mental Capacity Act 2005, Sections 30-34).
Informed consent was obtained from participants with the capacity to consent. If they
did not have capacity, a personal or professional consultee was asked to give agreement for the person’s participation, and sign his/her agreement for this. The study was
reviewed and approved by the London Queen Square Research Ethical Committee (17/
LO/0430) and the UK Health Research Authority.

Measurement instruments

NOTE | OPS-NVI = Orofacial-Pain Scale for Non-Verbal Individuals.

Demographic information was collected on age, gender, ethnicity, marital status, number of years schooling in general education, and highest completed level of education.
The components ‘resting’ and ‘chewing’ of the OPS-NVI were used to identify orofacial
pain [2]. During a single assessment, the participant was observed for 3 minutes during
rest, and for 3 minutes during eating a routine meal. For each activity a score sheet of
the OPS-NVI was completed during, or immediately after the observation. Behaviour
items of the categories ‘facial activities’, ‘body movements’, ‘vocalizations’, and ‘specific’ were scored ‘yes’, ‘no’, or ‘not applicable’. These items are shown in Table 1.

Prescribed medication was documented; analgesics, antidepressants, antiepileptics, and/or antipsychotics. A brief oral assessment was performed to evaluate
multiple oral health factors: Information was collected on last visit to a dentist,
usual brush frequency prior to admission, indication of quality of swallowing and
chewing, consistency of food, and mouth care. If the participant was no longer able
to provide this information, a family carer or nurse was asked.

For each activity, the researcher estimated the perceived pain intensity on a scale between 0 and 10, where 0 is no pain and 10 is as bad as it possibly could be [15]. For
participants who were able to communicate verbally, brief self-report pain scales, the
Numeric Rating Scale (NRS), the Verbal Descriptor Scale (VDS), and the Faces Pain
Scale Revised (FPS-R), were used to identify orofacial pain during activity [16]. To determine whether the participants could self-report, their understanding of the scales was
assessed. Test-questions were used to determine whether they understood the scales.
For example, the participants were asked ‘Which number reflects more pain; a 2 or an
8?’.

During extra-oral examination, the face of the participant was observed. If present, extra-oral abnormalities, for example wounds or bumps, were documented. If
present, participants’ dentures were examined for retention (how well the denture
is fixated in the mouth), occlusion (the contact between upper and lower denture),
vertical dimension (when upper and lower denture are in contact), and hygiene.
Denture hygiene was examined by dissolving five Dental Plaque Disclosing Tablets
(Mira-2-Ton, Hager Werken, Duisburg, Germany) in water, and placing the denture
in the water for 30 seconds. Thereafter, the denture was rinsed, and the Denture
Hygiene Index (DHI) was recorded, as ‘excellent’, ‘fair’, or ‘poor’ [17]. For dentate
participants, participants with remaining natural teeth, the number of present
teeth, missing teeth, and retained roots were counted. As a proxy for chewing abil-
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ity, the number of pairs of opposing lower and upper teeth, occlusal units (OU),
were counted [18]. The oral hygiene of the dentate participants was examined, using
the Debris Index (DI) of the Simplified Oral Hygiene Index (OHI-S), with a range
from 0.0 to 3.0 [19].

not return the signed consultee form, and 15 were excluded because they were
discharged from hospital before they could be screened (See Figure 1). The average
age was 85.6 (SD 6.68) years old, and 69.3% were female. Further demographic
features are given in Table 2.

Sample size

Orofacial pain

The prevalence of orofacial pain in older people without dementia was 6.7-18.5%
and in older people with dementia 7.4-21.7% [9-11]. Based on these results and
taking the cautious approach, a prevalence of 12% was assumed to estimate the
sample size. Aiming at a precision of +/- 5 percentage points, with a level of confidence of 95%, 162 participants were needed [20]. See Appendix 1 for the sample
size calculation.

The prevalence of orofacial pain, according to the OPS-NVI, during rest in all 101
participants, was 11.9% (95% C.I. 5.9, 18.8). Five participants were receiving parenteral nutrition, which precluded them from being observed during chewing. The
prevalence of orofacial pain during chewing, in the remaining 96 participants, was
21.9% (95% C.I. 14.6, 31.3). The prevalence of orofacial pain, according to self-report is shown in Table 3. Participants who were no longer able to self-report pain,
were significantly more likely to have orofacial pain, according to the OPS-NVI,
during rest (X2 (1, n = 101) = 5.110, p = 0.024) and during chewing (X2 (1, n = 96) =
12.315, p < 0.001) than participants who were able to communicate the presence or
absence of pain.

Data analysis
SPSS Version 24 Software (IBM Corp., Armonk, NY, USA, 2012) was used for analyses. Participant characteristics and oral health factors were described by means,
standard deviations, ranges, and percentages. The prevalence of orofacial pain was
reported with 95% confidence intervals. During the observation with the OPS-NVI,
pain intensity was estimated by the researcher on a scale of 0 to 10. For the presence of pain, outcomes were analysed as ‘yes, pain is present’, when pain intensity
was rated greater than, or equal to 1. The outcomes were analysed as ‘no, pain is
not present’, when pain intensity was rated 0. For the participants who were able
to complete the self-report pain scales correctly, the prevalence of orofacial pain,
using these scales, was reported. To determine whether an oral health factor was
a predictor variable for the presence of orofacial pain, according to the OPS-NVI
(response variable), the odds ratio, with the corresponding confidence interval,
were calculated by performing binary logistic regression. The odds ratio represents
the odds that orofacial pain will occur given the presence of a particular oral health
factor, compared to the odds that orofacial pain will occur given the absence of a
particular oral health factor.

Oral health
Descriptive data of medication usage and oral health factors, of both dentate and
edentate participants, are given in Table 4. Of all dentate participants, 43 participants (55.8%) had at least one retained root. Dentures were worn by 52 participants, including full dentures, frame dentures, and partial dentures. These participants included both dentate and edentate participants. Some participants used to
wear dentures, but were not wearing them at the moment of assessment.

Associations between orofacial pain and oral health factors

In total, 145 patients that met the inclusion criteria were approached and 101 patients were recruited. Of the 44 patients that were approached, but not included in
the study, 9 were excluded because they did not wish to participate, 17 were excluded because the personal consultee indicated that the patient should not participate,
3 were excluded because the personal consultee, who gave verbal agreement, did

Several oral health factors were significant predictors for the presence of orofacial
pain during rest:
• Never brushing their teeth instead of once a day (OR 6.14; 95% C.I. 1.36, 27.85)
• Subjective indication of bad chewing quality (OR 10.50; 95% C.I. 1.95, 56.56)
• Having the consistency of the food adjusted (OR 9.83; 95% C.I. 1.22, 79.39)
Having mouth care done by a nurse or other caregiver instead of being independent (OR 8.83; 95% C.I. 1.66, 46.99)
• The presence of extra-oral abnormalities (OR 33.50; 95% C.I. 4.09, 274.39)
• The following oral health factors were significant predictors for orofacial pain
during chewing:
• Never brushing their teeth instead of once a day (OR 3.60; 95% C.I. 1.08, 12.01)
• Subjective indication of bad chewing quality (OR 4.96; 95% C.I. 1.32, 18.74)
• Having the consistency of the food adjusted (OR 3.12; 95% C.I. 1.04, 9.37)
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TABLE 2 | Descriptive analysis of demographic characteristics of all participants
and of each hospital separately.

Total patients
approached that met
inclusion criteria (145)

Gender
[n (%)]

Patient
had no
capacity (92)

Patient had
capacity (53)

Personal
consultee
(87)

Professional
consultee
(5)
Marital Status
[n (%)]

Personal consultee
indicated that
patient should not
participate (17)

Highest completed level of
education [n
(%)]

Discharged before
assessment (15)

Total
participating
personal
consultee (52)

Hospital 2
(n = 79)

70 (69.3)
31 (30.7)

12 (54.5)
10 (45.5)

58 (73.4)
21 (26.6)

85.6, 6.68
(70-99)

84.1, 7.02
(70-98)

86.0, 6.56
(72-99)

White
Mixed/Multiple ethnic groups
Asian/Asian British
Black/African/Caribbean/Black
British
Other ethnic group

70 (69.3)
0 (0)
8 (7.9)
11 (10.9)

19 (86.4)
0 (0)
1 (4.5)
1 (4.5)

51 (64.6)
0 (0)
7 (8.9)
10 (12.7)

12 (11.9)

1 (4.5)

11 (13.9)

Married
Divorced
Widowed
Single

29 (28.7)
12 (11.9)
44 (43.6)
16 (15.8)

6 (27.3)
4 (18.2)
7 (31.8)
5 (22.7)

23 (29.1)
8 (10.1)
37 (46.8)
11 (13.9)

10.2, 3.73
(0-20)

10.8, 3.40
(6-20)

10.0, 3.83
(0-20)

1 (1.0)
3 (3.0)
3 (3.0)
3 (3.0)
1 (1.0)
7 (6.9)
81 (80.2)
2 (2.0)

1 (4.5)
2 (9.1)
0 (0)
0 (0)
1 (4.5)
2 (9.1)
16 (72.7)
0 (0)

0 (0)
1 (1.3)
3 (3.8)
3 (3.8)
0 (0)
5 (6.3)
65 (82.3)
2 (2.5)

Female
Male

Years in general education
M, SD (range)

Agreement form
not returned (3)

Total
participating
with capacity
(44)

Hospital 1
(n = 22)

Age M, SD
(range)
Ethnicity
[n (%)]

Patient did
not wish to
participate (9)

Total
(n = 101)

Total
participating
professional
consultee (5)

Higher degree
Degree
A level (or equivalent)
HNC/HND (or equivalent)
NVQ (or equivalent)
GCSE (or equivalent)
No qualification
Other

NOTE | M = Mean, SD = Standard deviation, HNC/HND = Higher National Certificate/Higher National Diploma, NVQ = National Vocational Qualification, GCSE = General Certificate of Secondary Education.

Total participants in study (101)

FIGURE 1 | Recruitment flowchart.
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TABLE 3 | Prevalence of orofacial pain in people with dementia in the acute hospitals.
N

Total
n (%)

N

Hospital 1

95% CI
of %

n (%)

N
95% CI
of %

TABLE 4 | Descriptive analysis of oral health factors in people with dementia in the
acute hospitals.
N

Total
sample

Minimum Maximum Score

Analgesics
Antidepressants
Antiepileptics
Antipsychotics
Other

101

62 (61.4)
19 (18.8)
9 (8.9)
3 (3.0)
101 (100)

–

Dental status [n (%)]

Dentate
Edentate

101

77 (76.2)
24 (23.8)

–

Last visit dentist [n (%)]

< 6 months ago
6-12 months ago
> 12 months ago
Unknown

101

11 (10.9)
14 (13.9)
70 (69.3)
6 (5.9)

–

101

8 (7.9)
18 (17.8)
46 (45.5)
20 (19.8)
9 (8.9)

–

101

56 (55.4)
21 (20.8)
20 (19.8)
4 (4.0)

–

–

Hospital 2
n (%)

95% CI
of %

Medication [n (%)]

OPS-NVI complete cohort
Resting
Chewing

101 12 (11.9) 5.9-18.8
96 21 (21.9) 14.6-31.3

22
20

4 (18.2) 3.8-34.8
6 (30.0) 11.1-52.4

79
76

8 (10.1) 3.9-17.3
15(19.7) 11.1-28.9

OPS-NVI in verbal P
Resting
Chewing

56
55

3 (5.4)
5 (9.1)

0.0-11.7
1.9-16.7

14
13

1 (7.1)
2 (15.4)

0.0-23.5
0.0-37.5

42
42

9 (20.0) 9.1-32.6
16 (39.0) 23.5-53.7

8
7

3 (37.5) 0.0-75.0 37
4 (57.1) 16.7-100.0 34

14
13

1 (7.1)
2 (15.4)

2 (4.8)
3 (7.1)

0.0-12.2
0.0-16.2

OPS-NVI in non-verbal P
Resting
Chewing

45
41

6 (16.2) 5.6-28.1
12 (35.3) 19.2-52.0

Brushing [n (%)]

Self-report in verbal P
Resting
Chewing

56
55

3 (5.4) 0.0-12.7
6 (10.9) 3.6-20.0

0.0-23.5
0.0-37.5

42
42

2 (4.8)
4 (9.5)

0.0-11.8
0.0-19.5

NOTE | OPS-NVI = Orofacial-Pain Scale for Non-Verbal Individuals, CI = Confidence interval, P = participants.

• Having mouth care done by a nurse or other caregiver instead of being independent (OR 4.26; 95% C.I. 1.07, 17.02)
• The presence of extra-oral abnormalities (OR 12.80; 95% C.I. 4.04, 40.53)
• The Debris Index of the OHI-S (OR 2.78; 95% C.I. 1.03, 7.54)
The odds ratios, with corresponding confidence intervals for all oral health factors
are also shown in Figure 2.

Indicated swallowing quality
[n (%)]

Good
Moderate
Bad
Impossible

Indicated chewing quality [n
(%)]

Good
Moderate
Bad
Impossible

101

44 (43.6)
36 (35.6)
21 (20.8)
0 (0)

Food [n (%)]

Normal
Consistency adjusted

101

43 (42.6)
58 (57.4)

–

Mouth care [n (%)]

Independent
By nurse/caregiver
Both

81

56 (69.1)
12 (14.8)
13 (16.0)

–

Difficulties mouth care [n (%)] No
Somewhat
Yes

64 (92.8)
2 (2.9)
3 (4.3)

–

69

Extra-oral abnormalities
[n (%)]

101

33 (32.7)

–

Present teeth M, SD (range)

77

14.7, 7.48
(0-31)

0 - 32

Discussion
The prevalence of orofacial pain in people aged 70 years or older with dementia in
the acute hospital, according to the OPS-NVI, was 11.9% during rest, and 21.9%
during chewing. Participants who were no longer able to self-report pain, were significantly more likely to have orofacial pain than participants who were able to communicate about their pain. This vulnerable group of patients is where suffering may
be missed. This difference may be explained by the fact that patients, who were still

72

> 2x daily
2x daily
1x daily
Never
Something else

73

77

2.28, 0.70
(0.5-3.0)

0.0 - 3.0

Full
Frame
Partial

39 (79.6)
5 (10.2)
5 (10.2)

–

49

Retention upper denture
[n (%)]

Good
Moderate
Bad

5 (20.0)
9 (36.0)
11 (44.0)

–

25

Lower denture [n (%)]

Full
Frame
Partial

24 (63.2)
4 (10.5)
10 (26.3)

–

38

Retention lower denture
[n (%)]

Good
Moderate
Bad

3 (15.8)
4 (21.1)
12 (63.2)

–

19

Occlusion dentures
[n (%)]

Good
Moderate
Bad

9 (34.6)
11 (42.3)
6 (23.1%)

–

26

Vertical dimension [n (%)]

Normal
Open bite
Deep bite

15 (55.6)
0 (0)
12 (44.4)

–

27

Excellent
Fair
Poor

4 (13.8)
9 (31.0)
16 (55.2)

–

29

NOTE | M = Mean, SD = Standard deviation, OU = Occlusal Units, DI = Debris Index, OHI-S = Simplified Oral
Hygiene Index, DHI = Denture Hygiene Index.

10
1
Food consistency adjusted •
Mouthcare: by nurse vs independent (ref) •
Extra-oral abnormalities •
Present teeth •
Retained roots •
OU •
DI of the OHI-S •

0.1

Odds ratio (95% Confidence interval)

100

•
•
•
•

DHI [n (%)]

Analgesics •
Antidepressants •
Anti-Epileptics •
Edentate •

Upper denture [n (%)]

OPS-NVI Resting

DI of the OHI-S M, SD
(range)

9.83 (1.22-79.39)
8.83 (1.66-46.99)
33.50 (4.09-274.39)
1.06 (0.97-1.17)
0.91 (0.62-1.34)
1.04 (0.87-1.26)
3.15 (0.77-12.87)

0 - 16

•
•
•
•
•
•
•

2.30, 3.46
(0-14)

• 1.91 (0.30-12.10)
• 10.50 (1.95-56.56)

77

OU M, SD (range)

Chewing: moderate vs good (ref) •
Chewing: bad vs good (ref) •

0 - 28

• 2.17 (0.44-10.63)
• 3.25 (0.73-14.49)

1.55, 2.15
(0-11)

Swallowing: moderate vs good (ref) •
Swallowing: bad vs good (ref) •

77

Retained roots M, SD (range)

• 0.84 (0.08-8.68)
• 6.14 (1.36-27.85)
• 4.10 (0.58-29.06)

Minimum Maximum Score

Brushing: 2 x daily vs 1 x daily (ref) •
Brushing: never vs 1 x daily (ref) •
Brushing: something else vs 1 x daily (ref) •

Total
sample

• 0.68 (0.08-5.95)
• 0.52 (0.06-4.48)

N

Last visit dentist: < 6 m vs >12 m (ref) •
Last visit dentist: 6-12 m vs >12 m (ref) •
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OR (95% CI)
1.30 (0.36-4.63)
0.36 (0.04-2.96)
0.92 (0.11-8.08)
1.08 (0.27-4.36)
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FIGURE 2 | Associations of oral health factors with the presence of orofacial pain
during rest (page 75) and chewing (page 76), according to the OPS-NVI, in all 101
participants. Odds ratios were calculated by performing binary logistic regression.
OPS-NVI = Orofacial-Pain Scale in Non-Verbal Individuals, m = months, vs = versus, ref = reference category, OU = Occlusal Units, DI = Debris.

74

75

3.12 (1.04-9.37)
4.26 (1.07-17.02)
12.80 (4.04-40.53)
1.03 (0.96-1.11)
1.18 (0.94-1.49)
0.97 (0.82-1.14)
2.78 (1.03-7.54)
1
0.1

Odds ratio (95% Confidence interval)

OPS-NVI Chewing

10

•
•
•
•
•
•
•

• 2.81 (0.84-9.35)
• 4.96 (1.32-18.74)

• 1.06 (0.29-3.83)
• 2.42 (0.77-7.62)

• 0.60 (0.11-3.16)
• 3.60 (1.08-12.01)
• 2.25 (0.46-10.96)
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• 0.84 (0.16-4.34)
• 0.69 (0.14-3.47)

•
•
•
•

OR (95% CI)
0.79 (0.30-2.12)
0.39 (0.08-1.84)
1.21 (0.23-6.49)
0.69 (0.21-2.32)
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able to self-report pain, are able to request analgesia [21]. In this study, 61.4% of
participants received analgesics on the day of the assessment. Drug usage could affect pain behaviour, and could mask the presence of pain-causing dental problems.
Therefore, it is important to realize the prevalence of orofacial pain in this population could be higher than 11.9% at rest and 21.9% during chewing. The average oral
hygiene of dentate participants was poor. During the data collection, participants
or carers often indicated that the teeth were not brushed, due to hospitalization.
Of all dentures, 55.2% had a poor hygiene. Furthermore, of all 77 dentate participants, 55.8% had at least one retained root. Indication of chewing quality, brush
frequency, consistency of the food, presence of extra-oral abnormalities, person who
performed mouth care, and oral hygiene in dentate participants were significant
predictors for the presence of orofacial pain as rated by the OPS-NVI.
Previous studies reporting the prevalence of orofacial pain in people with dementia
show a range of 7.4-20.7% [9]. Other studies confirm that older people with dementia have a higher accumulation of plaque, have a higher prevalence of caries, are
more likely to have retained roots, and are in more need of dental treatment [9].
However, the use of dental treatment services is decreased in this population [22].
In the current study, 69.3% of people with dementia have not been to the dentist in
the past year. In older people, hospitalization is associated with a further decrease
of oral health, due to a poorer oral care [23, 24].

Food consistency adjusted •
Mouthcare: by nurse vs independent (ref) •
Extra-oral abnormalities •
Present teeth •
Retained roots •
OU •
DI of the OHI-S •

Chewing: moderate vs good (ref) •
Chewing: bad vs good (ref) •

Swallowing: moderate vs good (ref) •
Swallowing: bad vs good (ref) •

Brushing: 2 x daily vs 1 x daily (ref) •
Brushing: never vs 1 x daily (ref) •
Brushing: something else vs 1 x daily (ref) •

Last visit dentist: < 6 m vs >12 m (ref) •
Last visit dentist: 6-12 m vs >12 m (ref) •

Analgesics •
Antidepressants •
Anti-Epileptics •
Edentate •

Strengths and Limitations

FIGURE 2 | Associations of oral health factors with the presence of orofacial pain
during rest (page 75) and chewing (page 76), according to the OPS-NVI, in all 101
participants. Odds ratios were calculated by performing binary logistic regression.
OPS-NVI = Orofacial-Pain Scale in Non-Verbal Individuals, m = months, vs = versus,
ref = reference category, OU = Occlusal Units, DI = Debris.

76

This is the first study investigating orofacial pain in people with dementia in acute
hospital wards. A further strength is the inclusion of participants without capacity
via the use of consultees. Without the use of consultees, there would be a risk of
recruitment bias.
To identify orofacial pain in people who are unable to communicate verbally, observational tools are needed [2]. However, it is important to acknowledge the possibility
of misinterpreting behaviour. For example, frowning can be interpreted as pain, but
could also be caused by another cause of distress [25]. Participants were admitted
to the hospital for medical reasons, which could also have caused the observed pain
behaviour. The OPS-NVI is currently being validated and requires further validation
to examine how well it discriminates between pain and distress.
To evaluate oral health, a brief oral assessment at the hospital site was performed.
This did not enable a full dental diagnosis where a more extended oral examination
is required.
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The calculated sample size was not met, due to practical reasons and recruitment
challenges (e.g. difficulties gaining consultee consent). Furthermore, univariate logistic regression was performed to explore associations between orofacial pain and
oral health factors, without taking confounding factors into account. The presence
of orofacial pain could be influenced by drugs, the type of dementia, and/or the
severity of dementia. To perform logistic multivariable regression with confounding
variables, a larger sample is required.

Clinical implications
Poor oral health is common in people with dementia, and often worsened during
hospital admission [14, 23]. The current findings show that the oral health of older
people with dementia admitted to acute hospital wards is poor and that several oral
health factors were significant predictors for the presence of orofacial pain. Poor
oral health is a known risk factor for orofacial pain, and may impair general health
and quality of life [7, 9, 26]. Poor dental status is also related to a higher mortality
risk [27]. Moreover, approximately 10% of cases of death from pneumonia in older
people could be prevented by improving oral hygiene [28]. Most oral health problems could be detected and treated by a dentist, however, people with dementia
do not often visit the dentist [9]. Therefore, admission to the acute hospital could
be an opportunity for oral health assessment, and dental treatment. To improve
oral health care management in the acute hospital, development of guidelines and
training and support for nursing staff are necessary. Studies, conducted on intensive care units and in care homes, showed improved oral health after introducing
dental training programmes [29, 30].

Conclusion
The prevalence of orofacial pain, according to the OPS-NVI, in people aged 70 years
or older with dementia in UK acute hospital wards was 11.9% at rest and 21.9%
whilst chewing. The oral health status in both dentate and edentate participants
admitted to acute hospitals was poor and they are more likely to develop orofacial
pain. Improving oral care in acute hospital patients with dementia may significantly reduce pain and suffering in this population. The current available evidence in
literature on orofacial pain in this frail population is insufficient, and has produced
variable findings. This emphasizes the urgent need for further research in this area.

In this study, 57.4% of participants had their consistency of food adjusted. Furthermore, the average number of OU in the dentate participants was 2.30 (SD 3.46),
indicating impairment of food comminution and mastication [31]. Several studies
suggest a causal relationship between mastication and cognitive abilities [32]. It is
possible that improving the ability to chew, may help to stabilize, or even improve
cognitive functioning and ensure quicker recovery during their acute hospital stay
[32].
The OPS-NVI was used to identify orofacial pain. Until further validation has been
conducted, we suggest the approach of Herr et al. to identify orofacial pain in
non-verbal individuals is used in clinical situations [33]. This includes anticipating the presence of possible pain-causing conditions, establishing a baseline behaviour, and identifying pain indicators [33]. An empirical trial of simple analgesics
could be used to clarify whether behavioural changes are caused by pain [33].
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APPENDIX 1 | Sample size calculation.
The following simple formula was used:
n = (Z2P(1-P))/d2
where n = sample size,
Z = Z statistic for a level of confidence
P = expected prevalence or proportion (in proportion of one)
d = precision
For the level of confidence of 95%, Z value is 1.96.
With an assumed prevalence of 12%, P is 0.12.
With a precision of +/-5 percentage points (0.05), d should be set at 0.05.
n = (1.962 x 0.12 x (1-0.12))/0.052 = 162
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Orofacial pain during rest and chewing
in people with dementia admitted to
acute hospital wards
Validity testing of the Orofacial Pain
Scale for Non-Verbal Individuals
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Abstract

Introduction

Aims

A 2015 report from the United Nations on global ageing shows a substantial recent
increase in the number of older people [1]. In 2050, the population of older people
will double in size, resulting in a projected estimate of 100 million people having
dementia [1, 2].

To assess the validity of the resting and chewing components of the recently developed observational diagnostic tool, the Orofacial Pain Scale for Non-Verbal Individuals (OPS-NVI).

Methods
This cross-sectional observational study was carried out in two UK hospitals. A
total of 56 participants with dementia who were admitted to the acute hospital
were observed for 3 minutes during rest and during chewing, and the OPS-NVI was
used to identify orofacial pain. Afterwards, the participants were asked about the
presence of orofacial pain using self-report pain scales. The sensitivity, specificity,
and area under the receiver operating curve (AUROC) of the OPS-NVI were calculated for each activity. Spearman coefficient was calculated to assess the correlation
between the number of positively scored behavior items of the OPS-NVI and the
presence of orofacial pain according to self-report.

Almost half of people with dementia experience pain daily, which can be difficult
to detect and is therefore likely to be undertreated [3-5]. Undetected pain may lead
to distress and cause aggression, depression, agitation, or vocalisations [6, 7]. Undertreated pain may also increase the risk of delirium and decreases quality of life
[8, 9].
Orofacial pain, originating from the teeth, the joints and muscles of the masticatory system, or other non-odontogenic tissues [10, 11] is common in older people.
Previous studies comparing the prevalence of orofacial pain in people with and
without dementia showed a prevalence of 7.4 to 21.7% in people with dementia and
a prevalence of 6.7 to 18.5% in people without dementia [12-14].

Results
According to the OPS-NVI, orofacial pain was present in 5.4% of participants
during rest and in 9.1% participants during chewing. According to self-report. the
prevalence of orofacial pain was 5.4% during rest and 10.7% during chewing. The
specificity of the OPS-NVI was 98.1% to 100%, the sensitivity was 66.7% to 83.3%,
and the AUROC was 0.824 to 0.917. The predictive validity showed a strong correlation (0.633 to 0.930, P<.001) between the number of positive behavior items and
the self-reported presence of orofacial pain.

Adequate diagnosis is essential as a first step in provision of effective treatment.
The gold standard for the diagnosis of pain is self-report [15, 16]. For a successful self-report pain assessment, it is important that the person is able to verbally
communicate [8]. However, in people with severe dementia, progressive decline of
verbal communication may result in inability to answer simple yes-or-no questions
[8]. Therefore, self-report pain scales are not suitable in this population, and direct
observation is needed [3, 8].

Conclusion

There is a lack of research and instruments dealing with the assessment of dental
and orofacial pain in people with dementia who are no longer able to communicate
verbally [11]. Therefore, the Orofacial-Pain Scale for Non-Verbal Individuals (OPSNVI) has recently been developed to diagnose orofacial pain in people who are
unable to communicate verbally [3]. The OPS-NVI is focused on behavior items to
explore possible nonverbal communication to express orofacial pain. The OPS-NVI
consists of four components: resting; chewing; drinking; and oral hygiene care [3].

The resting and chewing components of the OPS-NVI showed promising concurrent and predictive validity. Nevertheless, further validation is required and highly
recommended.

Keywords
Dementia; Facial Pain; Hospital; Observation; OPS-NVI; Toothache; Validation

The aim of this study was to assess the concurrent and predictive validity of the
resting and chewing components of the OPS-NVI.
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Materials and methods

TABLE 1 | Behavior items on the Orofacial Pain Scale for Non-Verbal Individuals.

Design and participants
All participants in this cross-sectional cohort study were observed during a single
assessment in two different hospitals, both in London, UK (one in central London,
one in suburban London). Participants were included if they were ³ 70 years of age;
had a diagnosis of dementia in their clinical notes; their command of the English
language was sufficient to complete the study rating; and they were able to self-report the presence or absence of pain. Nursing staff identified potential participants
and asked if they could be approached by a researcher. Patients who indicated either verbally or nonverbally that they did not wish to participate were excluded. Patients with delirium, those who were moribund or comatose, or those with clinical
concerns that ward nursing staff felt should preclude them being approached were
excluded as well.

Category

Behavior

Description

Facial activities

Frowning

Lowering and drawing brows together

Narrowing or closing eyes

Narrowed eyes with tension around the
eyes; not just blinking

Raising upper lip

Upper lip raised, nose may be wrinkled

Opened mouth

The lips are parted, jaw is dropped

Tightened lips

Lips are pressed together and appear
more narrow

Resisting care

Resisting care, being uncooperative

Guarding

Protecting affected area, holding body
part, avoiding touch, moving away

Rubbing

Tugging or massaging affected area

Restlessness

Fidgeting, wringing hands, rocking
back and forth

Using offensive words

Cursing, swearing, or using foul language

Using pain-related words

Using pain words, like ‘ouch’, ‘ow’, or
‘that hurts

Screaming/shouting

Using a loud voice to express sounds/
words

Groaning

Making a deep, inarticulate sound

Restricting jaw movement

Making smaller jaw movements than
possible

Refusing prosthetics

Removing prosthetics again and again

Drooling

Flowing of saliva outside the mouth

Body movements

Ethics
The procedure for obtaining informed consent complied with capacity legislation
governing England and Wales (Mental Capacity Act 2005, Sections 30-34). Written
informed consent was obtained from the participants with the capacity to consent. If the participant did not have capacity to consent, a personal or professional
consultee was asked to follow a structured procedure to give agreement for the
person’s participation in the study and to sign their consent. The London Queen
Square Research Ethical Committee and the UK Health Research Authority reviewed and approved this study (17/LO/0430).

Instruments

Vocalizations

Specific

Demographic information was collected, including age, gender, ethnicity, marital
status, number of years in general education, and highest completed level of education. The OPS-NVI consists of four components: resting; chewing; drinking;
and oral hygiene care [3]. For this study, the components resting and chewing were
used. During the cross-sectional assessment, the participant was observed for 3
minutes during rest and for 3 minutes during eating a routine meal or snack. A
score sheet of the OPS-NVI was completed during or immediately after the observation for each component. Behavior items in the categories facial activities, body
movements, vocalizations, and specific were scored as yes, no, or not applicable.
These items are shown in Table 1. For each activity, the estimated pain intensity was
rated with a number from 0 to 10, with 0 indicating no pain and 10 indicating pain
as bad as it could possibly be. The intensity of the perceived pain was rated by the
researcher [17].

After observation with the OPS-NVI, the participants were asked if they experienced
pain in the orofacial area during each activity. To determine the intensity of orofacial
pain according to self-report, brief self-report pain scales (i.e., numeric rating scale
[NRS], verbal descriptor scale [VDS], and the Faces Pain Scale-Revised [FPS-R]),
were used in case pain was present during the activity [18-22]. To determine whether the participant was able to self-report pain, their understanding of the scales was
assessed with test questions. The participants were asked: ‘Which number reflects
more pain; a 3 or a 7?’; ‘Which word means more pain; moderate or severe?’; and
‘Which face shows more pain? This one (point to face 2) or this one (point to face
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8)?’. If the participants did not answer all test questions correctly, they were excluded from the study.

Results

Data analysis
SPSS Version 24 Software (IBM) was used for data analyses.

Concurrent validity
Concurrent validity refers to the extent to which the results of a certain test correspond with a previously developed gold standard. To assess concurrent validity of
the OPS-NVI, the estimated pain intensity rated by the researcher was compared
to the outcomes of the three self-report pain scales using Spearman coefficient,
with a significance level of P < .05. This was analyzed for the resting and chewing
components separately, for both hospitals together. A correlation (r) of 0.5 indicates a large effect, of 0.3 a medium effect, and of 0.1 a small effect, according to
Cohen’s guidelines[23]. The sensitivity, specificity, and area under the receiver operating curve (AUROC) were calculated for each activity by comparing the presence
of orofacial pain according to the OPS-NVI to the presence of pain according to
self-report. Orofacial pain, according to the OPS-NVI, was marked as present when
the estimated pain intensity was rated ³ 1 by the researcher and as absent when
the estimated pain intensity was rated 0 by the researcher. An AUROC of 0.9 to 1.0
indicates the accuracy of a diagnostic test as outstanding, 0.8 to 0.9 excellent, 0.7
to 0.8 acceptable, and 0.5 or lower suggests no discrimination [24].

Predictive validity and agreement
To determine if the single behavior items and the total number of positively scored
behavior items on the OPS-NVI were related to the presence of orofacial pain according to self-report, the Spearman coefficient was used, with a significance level
of P < .05.
To determine whether the presence of orofacial pain according to the OPS-NVI
agreed with the presence of orofacial pain according to self-report, the prevalence-adjusted and bias-adjusted kappa (PABAK) was used [25].
These were analyzed for the activities resting and chewing separately, for both hospitals together. To identify the size of the correlations, Cohen’s guidelines were
used as well [23]. A PABAK value below 0.4 represents poor agreement, values between 0.4 and 0.75 indicate fair to good agreement, and values of 0.75 and higher
represent excellent agreement [26].
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In total, 145 patients were approached by nursing staff. Patients who indicated they
did not wish to participate, or whose consultees indicated that the patient would
not wish to participate, were excluded. If the personal consultee who gave verbal
agreement over the phone did not return the signed consultee form, the patient did
not participate in the study. In 15 cases, patients were discharged from the hospital
before they could be screened. Informed consent was obtained from 101 patients;
however, 45 patients were not able to correctly self-report the presence or absence
of pain (i.e., they were not able to answer all test questions correctly). Therefore,
they were excluded from this study, and 56 participants were included. The mean
± standard deviation (SD) age was 84.2 ± 6.54 years old, and 58.9% were female.
Further demographics are shown in Table 2. There were no significant differences between the two hospitals concerning demographics. All 56 participants were
observed during rest. One participant received enteral nutrition, which precluded
him from being observed during chewing. Therefore, the remaining 55 participants
were observed during chewing.

Concurrent validity
The prevalence of orofacial pain according to the OPS-NVI was 5.4% (3 out of 56
participants) during rest. The prevalence of pain according to self-report was also
5.4% (3 out of 56 participants) during rest. During chewing, the prevalence of orofacial pain according to the OPS-NVI, was 9.1% (5 out of 55 participants), and was
10.7% (6 out of 55 participants) according to self-report. The cross tables with the
number of true positives, true negatives, false positives, and false negatives are
given in Table 3 for each activity separately. During rest, the specificity was 98.1%,
the sensitivity was 66.7%, and the AUROC was 0.824, indicating an excellent accuracy. During chewing, the specificity was 100%, the sensitivity was 83.3%, and the
AUROC was 0.917, indicating an outstanding accuracy. Since there were only two
true positives during rest and only five true positives during chewing, the Spearman
correlation between the estimated pain intensity rated by the researcher and by the
self-report pain scales could not be assessed. Table 4 shows the estimated pain intensity rated by the researcher and the outcomes of the three self-report pain scales
in the participants in whom orofacial pain was present for each activity.

Predictive validity and agreement
The correlations between the behavior items on the OPS-NVI and the presence of
orofacial pain according to self-report are shown in Table 5. The correlation between
the number of positively scored behavior items on the OPS-NVI and the presence
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TABLE 2 | Descriptive analysis of demographic characteristics of all participants
and from each hospital separately.

TABLE 3 | Cross table of the presence of orofacial pain, according to OPS-NVI and
according to self-report during rest and chewing.

Total
(n = 56)

Hospital 1
(n = 14)

Hospital 2
(n = 42)

33 (58.9)
23 (41.1)

5 (35.7)
9 (64.3)

28 (66.7)
14 (33.3)

84.2, 6.5
(70-97)

82.0, 7.0
(70-92)

84.9, 6.3
(73-97)

White
Mixed/Multiple ethnic
groups
Asian/Asian British
Black/African/Caribbean/
Black British
Other ethnic group

40 (71.4)
0 (0)

12 (85.7)
0 (0)

28 (66.7)
0 (0)

6 (10.7)
6 (10.7)

1 (7.1)
1 (7.1)

5 (11.9)
5 (11.9)

4 (7.1)

0 (0)

4 (9.5)

Married
Divorced
Widowed
Single

19 (33.9)
6 (10.7)
19 (33.9)
12 (21.4)

4 (28.6)
3 (21.4)
2 (14.3)
5 (35.7)

15 (35.7)
3 (7.1)
17 (40.5)
7 (16.7)

Years in general education M, SD (range)

10.7, 3.1
(6-18)

10.8, 2.8
(7-18)

10.6, 3.2
(6-18)

Highest complet- Higher degree
ed level of educa- Degree
tion [n (%)]
A level (or equivalent)
HNC/HND (or equivalent)
NVQ (or equivalent)
GCSE (or equivalent)
No qualification

0 (0)
2 (3.6)
2 (3.6)
0 (0)
0 (0)
5 (8.9)
47 (83.9)

0 (0)
1 (7.1)
0 (0)
0 (0)
0 (0)
2 (14.3)
11 (78.6)

0 (0)
1 (2.4)
2 (4.8)
0 (0)
0 (0)
3 (7.1)
36 (85.7)

Gender [n (%)]

Female
Male

Age M, SD (range)
Ethnicity [n (%)]

Marital Status
[n (%)]

NOTE | Hospital 1 = central London, Hospital 2 = suburban London, M = Mean, SD = Standard deviation,
HNC/HND = Higher National Certificate/Higher National Diploma, NVQ = National Vocational Qualification, GCSE = General Certificate of Secondary Education.
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Resting

Chewing

Self-report
OPS-NVI

Self-report

Yes

No

Total

Yes

TP 2

FP 1

3

Yes

No

Total

TP 5

FP 0

5

No

FN 1

TN 52 53

FN 1

TN 49 50

Total

3

53

6

49

OPS-NVI

NOTE | OPS-NVI = Orofacial-Pain Scale for Non-Verbal Individuals, TP = true positive, TN = true negative,
FP = false positive, FN = false negative.

TABLE 4 | Estimated pain intensity according to OPS-NVI and outcomes of the
self-report pain scales in all participants who self-reported the presence of orofacial pain.
Resting

Chewing

Observation Self-report
Participant

OPS-NVI

NRS

Observation Self-report

VDS

FPS-R

OPS-NVI

NRS

VDS

FPS-R

1

2

6

Severe

4

3

6

Severe

4

2

0

5

Moderate

4

0

6

Moderate

6

3

3

4

Moderate

6

4

6

Severe

8

4

2

0

None

0

3

2

Mild

4

5

0

0

None

0

2

5

Moderate

6

6

0

0

None

0

4

3

Mild

2

NOTE | OPS-NVI = Orofacial-Pain Scale for Non-Verbal Individuals, NRS = numeric rating scale, VDS = verbal
descriptor scale, FPS-R = Faces Pain Scale-Revised.
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TABLE 5 | Correlations between behavior items of OPS-NVI and presence of orofacial pain according to self-report.

port. Furthermore, there was excellent agreement between the presence of orofacial
pain according to the OPS-NVI and according to self-report.

Behavior

Resting

Eating

r

P value

r

P value

Frowning

0.648

Narrowing or closing eyes

0.567

<.001

0.813

<.001

<.001

0.389

.003

Raising upper lip
Opened mouth

-0.032

.814

–

–

0.296

.027

–

–

Tightened lips

–

–

–

–

Resisting care

–

–

–

–

Guarding

–

–

–

–

Rubbing

0.382

.004

0.389

.003

Restlessness

0.382

.004

0.555

<.001

Using offensive words

–

–

–

–

Using pain-related words

–

–

–

–

Screaming/shouting

–

–

–

–

Groaning

–

–

–

–

Restricting jaw movement

–

–

0.686

<.001

Refusing prosthetics

–

–

–

–

Drooling

–

–

0.555

<.001

NOTE | OPS-NVI = Orofacial-Pain Scale for Non-Verbal Individuals.

of orofacial pain according to self-report during rest was 0.633 (P<.001, n = 56),
indicating a large effect. The correlation during chewing was 0.930 (P<.001, n = 55),
also indicating a large effect. The PABAK during rest was 92.9% (95% confidence
interval [CI] 75.4% to 99.1%), indicating excellent agreement. The PABAK during
chewing was 96.4% (95% CI 80.6% to 99.9%), also indicating excellent agreement.

Discussion
The aim of this study was to assess the validity of the resting and chewing components of the OPS-NVI. The specificity of the OPS-NVI was 98.1% to 100.0%, the
sensitivity was 66.7% to 83.3%, and the AUROC was 0.824 to 0.917. The predictive
validity showed a strong correlation (0.633 to 0.930, P<.001) between the number
of yes-scored behavior items and the presence of orofacial pain according to self-re-
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The Spearman correlation between the OPS-NVI and self-report pain scales could
not be assessed because of the low prevalence of orofacial pain, and possibly also
due to the limited number of people who were able to self-report pain due to the
severity of their dementia. The specificity, sensitivity, and AUROC were favourably
high; however, it must be considered that only six participants verbally communicated that they were in pain during chewing. It is recommended to further validate
the OPS-NVI in a verbal population in which the prevalence of pain is higher and
more severe pain is present. Predictive validity showed a strong correlation (0.633
to 0.930, P<.001) between the number of positively scored behavior items and
the presence of orofacial pain according to self-report. During rest, frowning and
narrowing or closing eyes showed a significant strong correlation with the presence of self-reported pain, and opened mouth, rubbing, and restlessness showed
a significant medium correlation. During eating, frowning, restlessness, restricting
jaw movement, and drooling showed a significant strong correlation, and narrowing or closing eyes and rubbing showed a significant medium correlation with the
presence of self-reported pain. This indicates that participants who self-reported
the presence of orofacial pain where likely to have more of these observed pain-indicative behaviors.

Strengths and Limitations
The OPS-NVI was recently developed to identify orofacial pain in nonverbal individuals and needs further validation. This study is the first to validate the OPS-NVI in
an acute hospital setting.
When verbal communication becomes difficult or even impossible, observational
tools are needed to identify orofacial pain [3]. However, it is important to acknowledge that the observed behaviour could also be caused by other causes of distress
– for example, pain at other sites of the body or other medical reasons for which the
participants were admitted to the hospital [27]. There were only 56 participants in
this study who could verbally communicate if they were in pain, and of this group,
only 6 reported pain. Further psychometric evaluation of the OPS-NVI is recommended using a larger sample size and/or a population with a higher prevalence
of orofacial pain.
For this study, only the resting and chewing components of the OPS-NVI were
used. All participants were admitted to the acute hospital, so the authors could not
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intervene in their routine daily care on the ward; therefore, they could not be asked
to drink or perform oral care just for research purposes. However, participants were
able to be observed during rest and chewing, since eating food and resting were
scheduled parts of their daily routine.

Conclusion

All data were collected by one researcher (LR). Therefore, the inter-observer reliability of the OPS-NVI could not be tested. A previous study shows fair to good to
excellent inter-observer and intra-observer reliability for the chewing component
[28]. Another recently published study about the psychometric evaluation of the
OPS-NVI indicated that the component oral hygiene care could not be assessed
reliably between observers [17]. Furthermore, the components drinking and chewing should be further validated in a population that can communicate verbally and
self-report the presence of orofacial pain.

The resting and chewing components of the OPS-NVI showed promising concurrent and predictive validity. Nevertheless, further validation is required and highly
recommended. The components drinking and oral hygiene care of the OPS-NVI
also require further validation. It is recommended to further validate the OPS-NVI
in a population with a greater prevalence and intensity of orofacial pain; for example, in a specialized clinic for dental care for older people.

A recently published study indicated that some oral health factors (e.g. brush
frequency, indication of chewing quality, consistency of the food, presence of extra-oral abnormalities, person who performed mouth care, and oral hygiene) are
significant predictors for the presence of orofacial pain observed with the OPS-NVI
[29]. However, another study examined oral health status in relation to the self-report of orofacial pain and indicated that, although oral health problems such as
ulcers and caries were frequently present, no pain was reported [17]. Consequently,
the presence of oral health problems cannot be used as a reference standard for the
presence of orofacial pain, and oral health examinations remain necessary for oral
health-related quality of life.

Clinical implications
In the current study, the OPS-NVI was used to identify orofacial pain in people with
dementia in acute hospital wards. Adequate diagnosis of orofacial pain is important for providing effective treatment. Since there is no assessment tool besides the
OPS-NVI to identify orofacial pain in people who are no longer able to communicate verbally, further validation of this observational tool is highly recommended
[30]. Until further validation of the OPS-NVI has been performed, it is suggested
to use the approach of Herr et al. in clinical situations to identify orofacial pain
in people who are no longer able to communicate verbally [30, 31]. This approach
includes anticipating the presence of possible pain-causing conditions, identifying
pain indicators, and establishing a baseline behaviour [30, 31]. To clarify whether
changes in behavior are caused by pain, an empirical trial of simple analgesics
could be used [30, 31].
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Abstract

Introduction

Objectives

Pain in older people with dementia, including orofacial pain, is often underdiagnosed and under-treated [1]. Undertreated pain may increase the risk of delirium,
decrease quality of life, and can cause distress leading to depression or agitation
[2]. This may lead to clinicians prescribing inappropriate anti-psychotic drugs,
which increase mortality risk and other adverse events [3, 4].

Determine and compare the prevalence of orofacial pain in older nursing home
residents with and without dementia and explore the association between orofacial
pain and health factors.

Methods
Cross-sectional study conducted in four UK nursing homes. We used the Orofacial-Pain Scale for Non-Verbal Individuals (OPS-NVI) to identify orofacial pain in
residents with dementia. Residents who were able to communicate self-reported
orofacial pain. A brief oral examination was conducted. Information on demographics, Clinical Dementia Rating, Charlson Comorbidity Index, Cohen Mansfield Agitation Inventory, Barthel Index, 5-level EQ-5D, Oral Health Impact Profile
14, Mini Nutritional Assessment Short Form, and medication was collected. Chisquared tests, independent sample t-tests, and Mann-Whitney U-tests were used
to compare outcomes between groups. Multivariable logistic regression was used
to evaluate predictors of orofacial pain.

Results
Orofacial pain, assessed with the OPS-NVI, was present in 48.8% (95% C.I. 36.1,
50.7) of residents with dementia. Self-reported orofacial pain, was present in 37.8%
(95% C.I. 20.4, 53.7) of residents with dementia, and in 14.8% (95% C.I. 0.5, 30.4)
residents without dementia. Orofacial pain was significantly more prevalent in residents with dementia than those without (OPS-NVI; p=0.002, self-report; p=0.04).
Having a soft diet, xerostomia, being dentate, and poor oral hygiene in dentate
residents were significant predictors of orofacial pain in residents with dementia.

Conclusion
Orofacial pain was more prevalent in residents with dementia. Oral health care
should be part of routine care for residents, especially for those with dementia, to
improve oral health and decrease the risk of developing orofacial pain.

Keywords
Dementia; Orofacial pain; Nursing Home; Oral health; OPS-NVI
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Orofacial pain, which can be caused by dental problems or non-odontogenic problems (e.g., inflammation of the gums or pain in masticatory muscles), is common in older people [4]. Oral health problems are common in older people due
to multiple factors such as high sugar intake, unavailability of fluoride throughout
life, hyposalivation, etc., and are more common in people with dementia, due to
reduced self-care and challenging behaviour [5, 6]. Epidemiological studies show
that nursing home residents have poorer oral health than the general population of
older people, and that they have inequitable access to dental care [6, 7].
The prevalence of orofacial pain in older people without dementia is 6.7-18.5%,
and the few studies on orofacial pain in people with dementia show a prevalence
of 7.4-21.7% [8]. A study conducted in UK acute hospitals reported a prevalence of
11.9-21.9% in older people with dementia [9]. Remarkably, there is little research
on orofacial pain in older people with dementia in nursing homes, who may have
problems with verbal communication and poor oral health.
For pain assessment, self-report is the ‘gold-standard’. However, self-report is challenging for people with severe dementia and direct observation is needed [1]. An
observational diagnostic tool, the Orofacial-Pain Scale for Non-Verbal Individuals
(OPS-NVI), has been developed to diagnose orofacial pain in people who are unable to communicate verbally [10]. Previous studies on reliability and validity of the
OPS-NVI showed promising results [11-13].
The aims of this study were to 1) determine the prevalence of orofacial pain in older nursing home residents with dementia, 2) determine whether orofacial pain is
more prevalent in older nursing home residents with dementia, than in those without, 3) explore the association between the presence of orofacial pain and health
factors, 4) to assess the validity of the OPS-NVI.
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Methods
Study design and participants
Cross-sectional observational data was collected from four nursing homes in London, UK. These are residential settings that are staffed by qualified nurses and can
provide nursing care [14]. In group 1, residents were eligible for inclusion if they had
a diagnosis of dementia in their notes, aged 65 years or above, and a suitable level
of English. In group 2, the comparison group, residents were included if they were
aged 65 years or above, no diagnosis of dementia, a suitable level of English, and
had capacity. We excluded patients who indicated that they did not wish to participate, those with delirium, or those with clinical concerns.

Consent and ethical approval
Capacity legislation was followed (Mental Capacity Act 2005, Sections 30-34). Informed consent was obtained from participants with capacity to consent. If they
did not have capacity, a personal or professional consultee gave agreement for the
person’s participation, and signed for this. The study was approved by the London
Queen Square Research Ethical Committee (19/LO/0100).

Measurement instruments
Participants with dementia were observed, using the OPS-NVI [15]. The researcher
began with a 3-minute observation period during rest, drinking, eating, and oral
care. The researcher completed the OPS-NVI during or as soon as possible after
the observations. During oral care, only dentate participants were observed.
For participants who were able to communicate verbally and understood the task,
a brief self-report pain scale, the Numeric Rating Scale (NRS), was used to identify
orofacial pain during the four activities.
Information on demographics (date of birth, gender, ethnicity, marital status, years
of schooling, highest completed level of education) was collected via interview. Dementia severity was determined using the Clinical Dementia Rating (CDR) score,
and co-morbidity with the Charlson Comorbidity Index (CCI) [16, 17]. The Cohen
Mansfield Agitation Inventory (CMAI) was used to assess for behavioural changes [18]. Functional ability was determined, using the Barthel Index [19]. Quality of
life was measured with the 5-level EQ-5D (EQ-5D-5L) and the Oral Health Impact
Profile 14 (OHIP-14) [20, 21]. Nutritional status was determined with the Mini Nutritional Assessment Short Form (MNA-SF) [22]. Medication taken on the day of
assessment was documented, with a special focus on analgesics, antidepressants,
and antiepileptics.
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A brief oral examination was conducted, considering the dental situation and oral
health habits: Summated Xerostomia Inventory (SXI), dental status, Denture Hygiene Index (DHI), Decayed Missing Filled Teeth (DMFT), retained roots, occlusal
units (number of contacts between upper- and lower (pre)molars), and Debris Index (DI) of the Simplified Oral Hygiene Index (OHI-S) [23-25].
The same information was collected for participants with and without dementia,
except for the observations with the OPS-NVI, dementia severity (CDR), and the
CMAI.

Sample size
Previously reported prevalence of orofacial pain in people without dementia of
6.7%, and 20.7% with dementia was utilised [26]. Using the sample size formula
for the Chi-squared test, with a level of confidence of 95%, and a power of 80%, 94
participants were needed per group.

Data analysis
Descriptive statistics were used to report cohort demographic features. We used
Chi-squared tests, independent sample t-tests, and Mann-Whitney U-tests (depending on data distribution) to compare demographics, oral health, orofacial
pain, and quality of life between the groups.
Orofacial pain, according to the OPS-NVI, was deemed present when the estimated pain intensity was rated 1 or higher by the researcher, and as absent when the
estimated pain intensity was rated 0 by the researcher. Orofacial pain, according to
self-report, was marked as present when the estimated pain intensity was rated 1
or higher by the participant, and as absent when the estimated pain intensity was
rated 0 by the participant.
Multivariable logistic regression was used to explore the relationship between the
presence of orofacial pain, according to the OPS-NVI, and multiple oral health factors, adjusting for confounders (age, comorbidity). Regression analysis for self-reported orofacial pain, were not conducted due to low number of events.
To assess the validity of the OPS-NVI, the sensitivity, specificity and Area Under the
Receiver Operating Curve (AUROC) for each activity was calculated. The outcome
of the self-report pain scale, the NRS, was used as gold-standard.
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TABLE 1 | Descriptive characteristics of all participants and residents with and without
dementia separately.
Total (n=111)
Gender [n (%)]

Female
Male

Age M, SD (range)
Ethnicity [n (%)]

Marital status [n (%)]

Years in general education M, SD (range)
Highest completed level of education
[n (%)]

CDR [n (%)]

CCI median (IQR)
CMAI [n (%)]

White
Asian/Asian British
Black/African/Caribbean/Black British
Other ethnic group
Married
Divorced
Widowed
Single
Degree
GCSE (or equivalent)
No qualification
Other
Unknown
None
Questionable
Mild
Moderate
Severe
Aggressive behaviour
Physically nonaggressive behaviour
Verbally agitated behaviour

Barthel Index median (IQR)
EQ-5D Index M, SD (range)
OHIP-14 median (IQR)
MNA-SF [n (%)]

Medication [n (%)]

Normal nutrition status
At risk of malnutrition
Malnourished
Analgesics
Regular
PRN
Regular + PRN
Antidepressants
Anti-epileptics
Anti-psychotics
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69 (62.2%)
42 (37.8%)
83.9, 7.95
(65-101)
70 (63.1%)
9 (8.1%)
28 (25.2%)
4 (3.6%)
28 (25.7%)
9 (8.3%)
48 (44.0%)
24 (22.0%)
9.69, 3.78 (0-18)
1 (0.9%)
9 (8.2%)
50 (45.5%)
3 (2.7%)
47 (42.7%)
0 (0%)
1 (1.2%)
8 (9.5%)
22 (26.2%)
53 (63.1%)
4 (3-5)
11 (13.1%)
9 (10.7%)
25 (29.8%)
15 (10-35)
0.105, 0.299
(-0.352-0.906)
1 (0-5)
21 (18.9%)
51 (45.9%)
39 (35.1%)
92 (82.9%)
54 (58.1%)
34 (36.6%)
5 (5.4%)
29 (26.1%)
19 (17.1%)
18 (16.2%)

Dementia (n=84) No Dementia (n=27)
52 (61.9%)
32 (38.1%)
84.5, 7.62
(65-101)
54 (64.3%)
8 (9.5%)
18 (21.4%)
4 (4.8%)
21 (25.3%)
5 (6.0%)
37 (44.6%)
20 (24.1%)
9.12, 3.61(0-16)
1 (1.2%)
5 (6.0%)
36 (43.4%)
2 (2.4%)
39 (47.0%)
0 (0%)
1 (1.2%)
8 (9.5%)
22 (26.2%)
53 (63.1%)
4 (3-5)
11 (13.1%)
9 (10.7%)
25 (29.8%)
10 (10-30)
0.075, 0.279
(-0.352-0.806)
1 (0-4)
12 (14.3%)
37 (44.0%)
35 (41.7%)
69 (82.1%)
36 (51.4%)
29 (41.4%)
5 (7.1%)
20 (23.8%)
11 (13.1%)
14 (16.7%)

Test value

P-value

X2(1) = 0.010

0.921

t (109) = 1.229

0.222

X2(3) = 4.195

0.241

X2(3) = 2.827

0.419

t (52) = -1.388
X2(4) = 4.133

0.171
0.388

N/A

N/A

4 (2-5)
–

Z = -0.807
N/A

0.420
N/A

30 (15-40)
0.199, 0.344
(-0.256-0.906)
2 (0-5.5)
9 (33.3%)
14 (51.9%)
4 (14.8%)
23 (85.2%)
18 (78.3%)
5 (21.7%)
0 (0.0%)
9 (33.3%)
8 (29.6%)
4 (14.8%)

Z = -2.936
t (109) = -1.899

0.003*
0.060

Z = -0.969
X2(1) = 8.382

0.333
0.015*

X2(1) = 1.33
X2(2) = 5.625

0.715
0.060

X2(1) = 0.960
X2(1) = 3.937
X2(1) = 0.052

0.327
0.047*
0.820

17 (63.0%)
10 (37.0%)
82.3, 8.86
(66-99)
16 (59.3%)
1 (3.7%)
10 (37.0%)
0 (0.0%)
7 (26.9%)
4 (15.4%)
11 (42.3%)
4 (15.4%)
10.6, 3.94 (0-18)
0 (0.0%)
4 (14.8%)
14 (51.9%)
1 (3.7%)
8 (29.6%)
–
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Total (n=111)
Dental status, dentate [n (%)]
Dental situation upper jaw [n (%)]

Dental situation lower jaw [n (%)]

Last visit dentist median (IQR)
Brush frequency [n (%)]

Subjective swallowing quality [n (%)]

Subjective chewing quality [n (%)]

Own dentition
Partial dentition
Full denture (wearing)
Full denture (not wearing/lost)
Own dentition
Partial dentition
Full denture (wearing)
Full denture (not wearing/lost)
>2x daily
2x daily
1x daily
Few times a week
Never
Good
Moderate
Bad
Good
Moderate
Bad

Soft diet [n (%)]
SXI median (IQR)
Present teeth median (IQR)
Retained roots median (IQR)
DMFT median (IQR)
Decayed Teeth
Missing Teeth
Filled Teeth
OU median (IQR)
DI of the OHI-S median (IQR)
DHI [n (%)]

Excellent
Fair
Poor

77 (69.4%)
50 (45.0%)
16 (14.4%)
27 (24.3%)
18 (16.2%)
57 (51.4%)
18 (16.2%)
18 (16.2%)
18 (16.2%)
2 (0.75-5)
1 (0.9%)
19 (17.6%)
60 (55.6%)
10 (9.3%)
18 (16.7%)
81 (73.0%)
25 (22.5%)
5 (4.5%)
58 (52.3%)
38 (34.2%)
15 (13.5%)
39 (35.8%)
6 (5-11.75)
16 (7-22)
1 (0-2)
24 (19-29)
2 (0-3.5)
16 (10-25)
2 (0-5.5)
0 (0-4)
2.67 (2.0-3.0)
7 (21.2%)
9 (27.3%)
17 (51.5%)

Dementia (n=84) No Dementia (n=27)
59 (70.2%)
38 (45.2%)
10 (11.9%)
20 (23.8%)
16 (19.0%)
43 (51.2%)
14 (16.7%)
12 (14.3%)
15 (17.9%
3 (1-5)
1 (1.2%)
12 (14.8%)
45 (55.6%)
9 (11.1%)
14 (17.3%)
59 (70.2%)
22 (26.2%)
3 (3.6%)
40 (47.6%)
30 (35.7%)
14 (16.7%)
35 (42.7%)
7 (5.5-13)
14 (6-21)
1 (0-2)
25 (20-29)
2 (0-3)
18 (11-26)
1 (0-5)
0 (0-3)
2.67 (2.0-3.0)
2 (8.7%)
7 (30.4%)
14 (60.9%)

18 (66.7%)
12 (44.4%)
6 (22.2%)
7 (25.9%)
2 (7.4%)
14 (51.9%)
4 (14.8%)
6 (22.2%)
3 (11.1%)
2 (0.5-4.5)
0 (0.0%)
7 (25.9%)
15 (55.6%)
1 (3.7%)
4 (14.8%)
22 (81.5%)
3 (11.1%)
2 (7.4%)
18 (66.7%)
8 (29.6%)
1 (3.7%)
4 (14.8%)
6 (5-10)
22 (12.75-24.25)
0 (0-0.25)
18 (12.5-24.25)
1.5 (0-4)
10 (7.5-19)
3 (0.75-6)
4 (0-7)
2.30 (1.33-2.83)
5 (50.0%)
2 (20.0%)
3 (30.0%)

Test value

P-value

X2(1) = 0.123
X2(3) = 3.257

0.726
0.354

X2(3) = 1.412

0.703

Z = -1.018
Z = -1.204

0.309
0.228

X2(2) = 3.084

0.214

X2(2) = 4.180

0.124

X2(1) = 6.865
Z = -1.220
Z = -2.302
Z = -2.444
Z = -3.460
Z = -0.491
Z = -2.405
Z = -0.382
Z = -2.625
Z = -1.857
X2(2) = 7.173

0.009*
0.222
0.021*
0.015*
0.001*
0.623
0.016*
0.382
0.009*
0.063
0.028*

NOTE | M=mean, SD=standard deviation, IQR=interquartile range, CDR=Clinical Dementia Rating,
CCI=Charlson Comorbidity Index, CMAI=Cohen-Mansfield Agitation Inventory, EQ-5D=Euroqol 5 Dimension, OHIP=Oral Health Impact Profile, MNA-SF=Mini Nutritional Assessment Short Form, PRN=Pro Re
Nata, SXI=Summated Xerostomia Inventory, DMFT=Decayed Missing and Filled Teeth, OU=Occlusal Units,
DI=Debris Index, OHI-S=Simplified Oral Hygiene Index, X2=Chi-squared test, T=independent sample t-test,
Z=Mann-Whitney U-test, N/A=Not Applicable, *=p<0.05.

106

107

Every smile matters

Chapter 5: Orofacial pain and oral health factors in nursing home residents

Results
In total, 107 residents with dementia meeting the inclusion criteria were approached and 84 were recruited (response rate 79%). The response rate of residents without dementia was 61%. Of the 44 residents approached without dementia that met the inclusion criteria, 27 residents were recruited (see flowchart,
Appendix 1 in the supplementary data on the journal website (www.ageing.oxfordjournals.org).
The average age of the sample was 83.9 (SD 7.95) years old, and 62.2% were female. There was no significant difference in demographics between residents with
dementia and those without (see Table 1).
In those with dementia, 63.1% were categorised as ‘severe’ on the CDR. Using
the CMAI, 13.1% showed aggressive behaviour, 10.7% showed physically nonaggressive behaviour, and 29.8% showed verbally agitated behaviour. There was no
significant difference between residents with dementia and those without, regarding comorbidity (CCI), quality of life (EQ-5D), and oral-health related quality of life
(OHIP-14). Function (Barthel Index) and nutrition status (MNA-SF) were significantly poorer in residents with dementia than in those without.

TABLE 2 | Prevalence of orofacial pain, according to the Orofacial-Pain Scale for
Non-Verbal Individuals (OPS-NVI) and according to self-report, during resting,
drinking, chewing, and oral care in nursing home residents with and without dementia.
Dementia
N

OPS-NVI
dementia

95% CI
of %

N

OPS-NVI
in verbal
PD

95% CI
of %

N

Resting

84

9
(10.7%)

2.6-19.9

37

2
(5.4%)

0.0-13.2

47

7
(14.9%)

4.1-27.0

Drinking

84

14
(16.7%)a

8.7-23.6

37

3
(8.1%)

0.3-18.4

47

11
(23.4%)

11.6-37.2

Chewing

83

24
(28.9%)

16.9-38.6

37

8
(21.6%)

9.0-40.5

46

16
(34.8%)

23.5-49.0

Oral care

43

26
(60.5%)a

48.8-74.4

25

12
(48.0%)b

26.9-68.1

18

14
(77.8%)b

60.4-99.3

Overall

84

41
(48.8%)a

36.1-60.7

37

15
(40.5%)

25.8-55.4

47

26
(55.3%)

37.7-73.6

Oral health

No Dementia

Dementia

Significantly more residents with dementia were on a soft diet, compared to those
without. Dentate residents with dementia had significantly fewer natural teeth,
more retained roots, more DMFT, more missing teeth, and fewer OU present than
dentate residents without dementia. Denture hygiene in residents with dementia
was significantly poorer than in those without (see Table 1).

Orofacial pain
The prevalence of orofacial pain, during rest, drinking, chewing, and oral care are
given in Table 2. The overall score includes orofacial pain observed or self-reported during at least one of the activities. The overall prevalence of orofacial pain,
according to the OPS-NVI, in residents with dementia was 48.8% (95% C.I. 36.1,
60.7), and was significantly higher than the 14.8% (95% C.I. 0.5, 30.4) prevalence
in those without dementia. The prevalence of orofacial pain, according to self-report, in the 37 residents with dementia who were able to self-report, was 37.8%
(95% C.I. 20.4, 53.7), and this was also significantly higher than the 14.8% (95%
C.I. 0.5, 30.4) prevalence in residents without dementia. The sensitivity of the
OPS-NVI was 66.5-100%, the specificity was 76.9-100%, the AUROC was 0.794-
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OPS-NVI 95% CI
in non-verof %
bal PD

N

Self-report
in verbal PD

95% CI
of %

N

Self-report

95% CI
of %

Resting

37

2
(5.4%)

0.0-15.7

27

1
(3.7%)

0.0-13.6

Drinking

37

3
(8.1%)

0.0-21.2

27

0
(0.0%)a

100-100

Chewing

37

9
(24.3%)

12.9-39.3

27

3
(11.1%)

0.0-24.1

Oral care

24

11
(45.8%)c

24.1-63.9

19

2
(10.5%)a,c

0.0-100

Overall

37

14
(37.8%)c

20.4-53.7

27

4
(14.8%)a,c

0.5-30.4

NOTE | OPS-NVI=Orofacial-Pain Scale for Non-Verbal Individuals, PD=participants with dementia, CI=Confidence interval. a = significant difference between OPS-NVI in the dementia group and self-report in the no
dementia group (p<0.05); b = significant difference between OPS-NVI in verbal PD and OPS-NVI in non-verbal PD (p<0.05); c = significant difference between self-report in the dementia group and self-report in the no
dementia group (p<0.05).The overall score includes pain observed or self-reported during at least one of the
activities. Orofacial pain during oral care was only identified in dentate participants.
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1.0, and the accuracy was acceptable to outstanding[27]. The sensitivity, specificity,
and AUROC of each activity separately are shown in Appendix 2.

Associations between orofacial pain and oral health
Correlations between orofacial pain and general health and oral health factors are
given in Appendix 3. The presence of orofacial pain was significantly associated with
poorer quality of life in both residents with dementia and those without. Physically
nonaggressive behaviour, as measured by the CMAI was associated with orofacial
pain in those with dementia. Associations between the presence of orofacial pain
and oral health factors are shown in Table 3. Having a soft diet (OR 3.06; 95% C.I.
1.21, 7.77), being dentate (OR 7.04; 95% C.I. 2.20, 22.50), and poor oral hygiene in
dentate participants (OR 3.80; 95% C.I. 1.13, 12.73), after adjusting for age and comorbidity, were significant predictors for the presence of orofacial pain, according
to the OPS-NVI, in residents with dementia.

Discussion
Orofacial pain, assessed with the OPS-NVI, was present in nearly half of residents
with dementia. Orofacial pain, according to self-report, was present in nearly 40%
of residents with dementia, and in 15% of residents without dementia. Orofacial
pain was significantly more common in residents with dementia than in those without. Having a soft diet, xerostomia, being dentate, and poor oral hygiene in dentate
residents were significant predictors for the presence of orofacial pain in residents
with dementia. The accuracy of the OPS-NVI was acceptable to outstanding.
A previous study (conducted in the Netherlands) found a prevalence of orofacial
pain of 4-22%, according to the OPS-NVI in older people with Mild Cognitive Impairment (MCI) or dementia, living in nursing homes or in the community [28].
Of the participants with MCI or dementia who were still able to self-report, 25.7%
reported orofacial pain [28]. These findings differ to our study possibly because of
the poorer oral health of our sample. For example, Delwel et al. found that only
18.1% of the participants had one or more retained roots, while in our study 41.7%
of participants with dementia had one or more retained roots [28]. Similar to our
findings, de Souza et al. found that orofacial pain was more prevalent in older people with mild dementia (20.7%), than in those without (6.7%), although their study
was conducted in community-dwelling older people [26]. Having a soft diet, xerostomia, being dentate, and poor oral hygiene in dentate residents were significant
predictors for orofacial pain, according to the OPS-NVI. Another study reported
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TABLE 3 | Association of oral health factors with the presence of orofacial pain, according to the Orofacial-Pain Scale for Non-Verbal Individuals (OPS-NVI) in nursing home residents with dementia. Odds ratios were calculated by performing
univariate and multivariable logistic regression, adjusted for age and comorbidity
(Charlson Comorbidity Index).
Dementia
OPS-NVI (n=84)
OR (95% CI)

AOR (95% CI)

Soft diet

2.99 (1.21-7.40)*

3.06 (1.21-7.77)*

SXI

1.04 (0.91-1.18)

1.04 (0.91-1.20)

D vs ED

4.62 (1.61-13.26)*

7.04 (2.20-22.50)*

Number of teeth

0.95 (0.89-1.02)

0.96 (0.90-1.04)

Retained roots

1.29 (0.96-1.74)

1.28 (0.93-1.75)

DMFT

1.12 (1.02-1.24)*

1.11 (1.00-1.23)

OU

0.91 (0.77-1.07)

0.95 (0.80-1.14)

DI of the OHI-S

4.69 (1.46-15.09)*

3.80 (1.13-12.73)*

NOTE | SXI=Summated Xerostomia Inventory, D vs ED=Dentate vs Edentate, DMFT=Decayed Missing and
Filled Teeth, OU=Occlusal Units, DI=Debris Index, OHI-S=Simplified Oral Hygiene Index, OR=Odds Ratio,
AOR=Adjusted Odds Ratio, CI=Confidence Interval, *=p<0.05.

more xerostomia, including burning sensations, in people with orofacial pain [29].
Being dentate, and having poor oral hygiene give an increased risk of oral health
problems causing dental pain, the most common cause of orofacial pain [30].

Strengths and limitations
This is the first study assessing the prevalence of orofacial pain and oral health in
older nursing home residents with and without dementia, including people with
dementia lacking capacity. The OPS-NVI is the first observational tool identifying
orofacial pain in people with dementia who cannot verbally express this. It is important to acknowledge the risk of misinterpreting behaviour, when using observational tools. Observed behavioural change could be a response to the oral care
itself, rather than pain causing these behaviours.
Nevertheless, there is a great need for a validated observational tool to identify
orofacial pain in this population. Unfortunately, the target sample size of 94 participants per group was not met due to recruitment challenges and the ratio of resi-
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dents with and without dementia being unequal (over two-thirds have dementia).
Therefore, it is important to acknowledge that the control group of people without
dementia may not be ‘typical’ UK care home residents. Due to the low number of
events, regression analysis for self-reported orofacial pain, was not conducted, and
adjusted analysis for the following confounding factors could not be performed;
analgesics, dementia severity, and functional ability. Furthermore, only a brief oral
examination was performed. To establish a full dental diagnosis, more extended
examination is necessary. As a result, the estimation of oral health problems is
probably an under-estimation. To assess the influence of care home admission on
oral health status, a prospective cohort study which collects longitudinal data on
oral health status following admission is recommended.

Clinical Implications
Orofacial pain was more prevalent in older nursing home residents with dementia
than in those without. Oral hygiene may be poor, because residents with dementia
are unable to clean their own teeth or may not allow others to do this for them.
Greater oral health problems, increase the risk of orofacial pain. This frail population is often irregularly seen by dental professionals [6]. We recommend that oral
health care should be included in the routine health care of nursing home residents, especially those with dementia. Personalised needs regarding oral hygiene
and dental treatment could be established during the earlier stages of dementia. If
oral health care is implemented in routine care, the risk of orofacial pain will be reduced. Our findings support the recent call of the Care Quality Commission (CQC)
to improve oral health in care homes across England [31]. One of the main findings
of this review was that over half of inspected care homes had no policy to improve
or protect residents’ oral health [31].

Conclusion
Orofacial pain significantly impacts the quality of life of older care home residents
but has been a neglected area of research. Oral health care should be part of routine care for nursing home residents, especially for those with dementia, to improve oral health and decrease the risk of developing orofacial pain. Care home
staff may need support and training to deliver this.
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APPENDIX 1 | Recruitment flowchart residents with and without dementia.

Total residents with
dementia approached that
met inclusion criteria (107)

Resident
had capacity
(12)

Total residents without
dementia approached that
met inclusion criteria (44)

Resident
had no
capacity (95)

Resident did
not wish to
participate (6)

Personal
consultee
(83)

Professional
consultee
(12)

Resident did
not wish to
participate
(17)

Personal
consultee
indicated
that resident
should not
participate (8)

Agreement
form not
returned(9)

Total
participating
with capacity
(12)

Total
participating
personal
consultee (12)

Total
participating
professional
consultee(12)

Total participants in group 1 (84)
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Total participants in
group 2 (27)
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APPENDIX 2 | Sensitivity, specificity, and Area Under the Receiver Operating Curve
(AUROC) of the Orofacial-Pain Scale for Non-Verbal Individuals (OPS-NVI), during
resting, drinking, chewing, and oral care in verbal nursing home residents with
dementia.
Sensitivity

Specificity

AUROC

Accuracy

Dementia

No Dementia

MNA-SF

X2(2) = 4.598

0.100

X2(2) = 0.770

0.681

X2(2) = 4.675

0.079

Analgesics

X2(1) = 0.034

0.855

X2(1) = 0.011

0.915

X2(1) = 0.386

0.534

Soft diet

X2(1) = 5.729

0.017*

X2(1) = 1.967

0.161

X2(1) = 4.606

0.032*

SXI
Dentate vs
edentate

Z = -0.563

0.573

Z = -2.006

0.045*

Z = -3.261

0.001*

X2(1) = 8.768

0.003*

X2(1) = 1.854

0.173

X2(1) = 0.587

0.444

Resting

100%

100%

1.0

Outstanding

Drinking

66.6%

97.1%

0.819

Excellent

Number of teeth

Z = -1.491

0.136

Z = -0.464

0.643

Z = -0.634

0.526

Chewing

77.8%

96.4%

0.871

Excellent

Retained roots

Z = -1.950

0.051

Z = -0.721

0.471

Z = -2.905

0.004*

Oral Care

81.8%

76.9%

0.794

Acceptable

DMFT

Z = -3.016

0.003*

Z = -0.734

0.463

Z = -1.690

0.091

NOTE | AUROC = Area Under the Receiver Operating Curve. Sensitivity, specificity and AUROC are calculated based on the comparison between the OPS-NVI and self-report in verbal nursing home residents with
dementia. An AUROC of 0.9 to 1.0 indicates the accuracy of a diagnostic test as outstanding[27], 0.8 to 0.9
excellent, 0.7 to 0.8 acceptable, and 0.5 suggests no discrimination.

APPENDIX 3 | Correlation between the presence of orofacial pain, according to
the Orofacial-Pain Scale for Non-Verbal Individuals (OPS-NVI) and according to
self-report, and general health and oral health factors in nursing home residents
with and without dementia.
Dementia
OPS-NVI (n=84)

Self-report (n=37)
Test-value

p-value

Test-value

p-value

Age

t (82) = 1.515

0.134

t (35) = -0.211

0.834

t (25) = -0.289

0.775

CDR

Z = -0.686

0.493

Z = -1.008

0.314

N/A

N/A

CCI

Z = -0.484

0.628

Z = -0.517

0.605

Z = -0.345

0.730

0.376

X2(1) = 1.987

0.159

N/A

N/A

0.011*

N/A

N/A

N/A

N/A

0.923

X2(1) = 0.014

0.904

N/A

N/A

Barthel Index

Z = -1.509

0.131

Z = -1.702

0.089

Z = -0.447

0.655

EQ-5D Index

t (82) = -2.006

0.048*

t (35) = 2.661

0.012*

t (25) = 1.860

0.075

Z = -1.549

0.121

Z = -2.248

0.025*

Z = -2.289

0.022*
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0.252

Z = -0.518

0.605

Z = -1.868

0.062

Z = -2.739

0.006*

Z = -1.752

0.080

Z = -0.212

0.832

X2(2) =
1.071

0.585

X2(2) =
0.300

0.861

X2(2) = 1.111

0.574

DHI

NOTE | CDR=Clinical Dementia Rating, CCI=Charlson Comorbidity Index, CMAI=Cohen-Mansfield Agitation Inventory, EQ-5D=Euroqol 5 Dimension, OHIP=Oral Health Impact Profile, MNA-SF=Mini Nutritional
Assessment Short Form, SXI=Summated Xerostomia Inventory, DMFT=Decayed Missing and Filled Teeth,
OU=Occlusal Units, DI=Debris Index, OHI-S=Simplified Oral Hygiene Index, X2=Chi-squared test, T=independent sample t-test, Z=Mann-Whitney U-test, N/A=Not Applicable, *=p<0.05.

Self-report (n=27)

p-value

OHIP-14

Z = -1.146

DI of the OHI-S

No Dementia

Test-value

CMAI
Aggressive
X2(1) = 0.785
behaviour
Physically
X2(1) = 6.480
nonaggressive
behaviour
Verbally agitated X2(1) = 0.009
behaviour

OU
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Abstract

Introduction

Background

Oral health problems increase with age, and are even more common in nursing
home residents, especially in those with dementia [1-5]. Although the number of
edentate persons increases with age, many nursing home residents have remaining
natural teeth [6]. When admitted to a nursing home, oral hygiene becomes challenging, due to physical or cognitive disabilities, and residents may be dependent on
care home staff [2]. Oral health problems, like caries and periodontal diseases, can
lead to the loss of teeth and therefore diminish oral function [7]. Besides the number of natural teeth, the distribution of remaining teeth is critical [7]. The number of
occlusal units (OU), namely the number of contacts between upper- and lower (pre)
molars, can be used as an indicator of objective chewing ability [7, 8]. Previous studies reported that shortened dental arches of 3-5 OU are sufficient to maintain proper
chewing ability [9-11]. Oral function can also be influenced by swallowing difficulties,
xerostomia, and orofacial pain [12-14]. In older people, having a functional dentition
(either natural or prosthetic) is important for a good oral health-related quality of life
(OHQoL), whereas pain in the orofacial area or functional complaints can lead to
impaired OHQoL [15].

Oral health problems increase with age and are common in nursing home residents, especially in those with dementia. Oral health problems can lead to tooth
loss, diminished oral function, and malnutrition.

Objectives
To compare oral function, nutritional status, and quality of life between residents
with and without dementia, and to examine associations between oral function,
nutritional status, and quality of life.

Methods
This cross-sectional study was carried out in four UK nursing homes. Residents
aged 65 years or older with and without dementia were included. Information was
collected on demographics, dental status, quality of swallowing, quality of chewing,
xerostomia, and orofacial pain. During a brief oral examination, information was
collected on number of teeth, number of occlusal units (OU), and functional categories (e.g., OU combined with dentures). The Mini Nutritional Assessment Short
Form (MNA-SF) was used to determine nutritional status. Chi-square tests, independent sample t-test, and Mann-Whitney U-tests were used to compare outcomes
between residents with and without dementia. Multiple linear regression was used
to evaluate the relationship between oral function and nutritional status.

Results
Residents with dementia had significantly fewer teeth (p=0.021), fewer OU
(p=0.001), and poorer functional categories (p=0.001), and nutritional status was
significantly poorer than those without (p=0.002). In the regression model, quality
of chewing (p=0.010) was significantly correlated with nutritional status.

Conclusion
Almost half of residents had insufficient oral function, which was negatively associated with quality of life and nutritional status. To improve oral function in residents,
routine dental care should be provided.

Keywords
Dementia; Nursing Home; Quality of life; Oral function; Nutrition; Oral health
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An adequate diet is necessary to maintain a healthy nutritional status [16]. Reduced
oral function can lead to nursing home residents avoiding food, due to difficulty in
chewing and swallowing [17]. Dementia itself has been described as a risk factor for
malnutrition [18]. Decreased food intake and diminished nutritional status can increase mortality and morbidity risk [19]. Furthermore, decreased chewing ability and
a poor nutritional status are both associated with poor quality of life [15, 20].
Diminished chewing ability is also associated with impaired cognition [21]. This association can partly be explained by the negative influence of nutritional deficiencies
on cognitive function [22]. Another possible link is the increased middle cerebral
arterial blood flow velocity during masticatory activity [23]. Sufficient oral function
may restore cognitive functioning after cerebrovascular damage [24]. There has been
little research on the association between oral function, nutritional status, and quality of life in nursing home residents with dementia, a population at increased risk of
diminished oral function and malnutrition. Furthermore, this population may benefit
most from the positive influence of proper oral function on cognitive functioning.
Therefore, the aim of this study was to compare the oral function, nutritional status, and quality of life between nursing home residents with and without dementia.
Moreover, the association between oral function, nutritional status, and quality of
life were examined.

121

Every smile matters

Chapter 6: Oral function, nutrition, and quality of life in nursing home residents

Methods

Nutritional status

Study design, setting and participants
This study was conducted in four nursing homes across London, UK. All data was collected cross-sectionally during one single assessment. Nursing home residents with
and without dementia, aged 65 years or above, were included. Residents who indicated
that they did not wish to participate, either verbally or non-verbally were excluded. Residents with clinical concerns or delirium were excluded as well. The study protocol was
reviewed and approved by the London Queen Square Research Ethical Committee (19/
LO/0100). From all participants, informed consent was obtained. If they did not have
capacity, a personal or professional consultee was asked to give agreement for the person’s participation, and sign his/her agreement. This procedure complied with capacity legislation governing England and Wales (Mental Capacity Act 2005, Sections 30-34).

We used the Mini Nutritional Assessment Short Form (MNA-SF) to determine residents’ nutritional status [34]. The MNA-SF consists of six categories:
A. decline in food intake
B. weight loss in the last 3 months
C. mobility
D. psychological stress or acute disease in the past three months
E. neuropsychological problems
F. body mass index (BMI) (weight in kg/height in m2)
The complete MNA-SF is shown in Appendix 1. We calculated the MNA-SF score using the outcome of these six categories (max. 14 points). Based on the total score,
we determined a screening score; normal nutritional status (12-14 points), at risk of
malnutrition (8-11 points), or malnourished (0-7 points).

Measurement instruments
Demographic information on age, gender, ethnicity, marital status, number of years in
schooling in general education, and highest completed level of education was collected
of all participants. For participants with dementia, the severity of dementia was determined using the Clinical Dementia Rating (CDR) score [25]. For all participants, the
following information was collected; Charlson Comorbidity Index (CCI), Barthel Index,
5-level EQ-5D (EQ-5D-5L), Oral Health Impact Profile 14 (OHIP-14), and medication
usage [26-30].

Oral function
Subjective oral function was assessed via interview. Depending on whether the residents with dementia were still able to communicate, residents or their carers were
asked about the residents’ dental status (e.g., dentate or edentate, denture usage),
quality of swallowing, quality of chewing, and whether the resident was on a normal or
soft diet. To determine xerostomia in verbal participants, the Summated Xerostomia
Inventory (SXI) was used [31].
During a brief oral examination, performed by a dentist (LR), information was collected
on objective oral function. The number of teeth present and the number of occlusal
units (i.e., number of contacts between upper- and lower (pre)molars) were counted. We used the Orofacial-Pain Scale for Non-Verbal Individuals (OPS-NVI) to identify
orofacial pain in residents with dementia [32]. To identify orofacial pain in residents
without dementia, the Numeric Rating Scale (NRS) was used [33]. Methods regarding
identification of orofacial pain are reported in full in a previous chapter (Chapter 5).
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Data analysis
To analyse data, we used IBM Statistics SPSS 25 (SPSS Inc., Chicago, IL, USA).
We used descriptive statistics to report the demographic features of the cohort.
We used chi square tests, independent sample t-tests, and Mann-Whitney U-tests
(depending on the distribution of data) to compare outcomes between the dementia and non-dementia groups. To determine the correlation between oral function,
nutritional status, and quality of life, we used the Spearman correlation coefficients,
independent sample t-tests, chi square tests, and Mann-Whitney U-tests, depending on type of variable and distribution of data. We used univariate and multiple linear regression to evaluate the relationship between nutritional status and multiple
oral function factors. Oral function factors that were significantly associated with
nutritional status (p<0.10) in the univariate regression, were included in the final
multivariable regression model.

Results
In total, 111 nursing home residents participated in this study, of which 84 had
dementia and 27 were without dementia. The recruitment flowchart is reported
in Figure 1. Descriptive characteristics of all participants and of residents with and
without dementia separately are given in Table 1. Of the total sample, 62.2% were
female and the average age was 83.9 (SD 7.95) years old.
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TABLE 1 | Descriptive characteristics of all participants and of residents
with and without dementia separately.
Total (n=111)
Gender [n (%)]

Female
Male

Age M, SD (range)
Ethnicity [n (%)]

Marital status [n (%)]

White
Asian/Asian British
Black/African/Caribbean/Black British
Other ethnic group
Married
Divorced
Widowed
Single

Years in general education M, SD (range)
Highest completed level of education
Degree
[n (%)]
GCSE (or equivalent)
No qualification
Other
Unknown
CDR [n (%)]
None
Questionable
Mild
Moderate
Severe
CCI median (IQR)
Barthel Index median (IQR)
EQ-5D Index M, SD (range)
OHIP-14 median (IQR)
Medication [n (%)]

Analgesics
Regular
PRN
Regular + PRN
Antidepressants
Anti-epileptics
Anti-psychotics

69 (62.2%)
42 (37.8%)
83.9, 7.95
(65-101)
70 (63.1%)
9 (8.1%)
28 (25.2%)
4 (3.6%)
28 (25.7%)
9 (8.3%)
48 (44.0%)
24 (22.0%)
9.69, 3.78 (0-18)
1 (0.9%)
9 (8.2%)
50 (45.5%)
3 (2.7%)
47 (42.7%)
0 (0%)
1 (1.2%)
8 (9.5%)
22 (26.2%)
53 (63.1%)
4 (3-5)
15 (10-35)
0.105, 0.299
(-0.352-0.906)
1 (0-5)
92 (82.9%)
54 (58.1%)
34 (36.6%)
5 (5.4%)
29 (26.1%)
19 (17.1%)
18 (16.2%)

Dementia (n=84) No Dementia (n=27)
52 (61.9%)
32 (38.1%)
84.5, 7.62 (65-101)
54 (64.3%)
8 (9.5%)
18 (21.4%)
4 (4.8%)
21 (25.3%)
5 (6.0%)
37 (44.6%)
20 (24.1%)
9.12, 3.61 (0-16)
1 (1.2%)
5 (6.0%)
36 (43.4%)
2 (2.4%)
39 (47.0%)
0 (0%)
1 (1.2%)
8 (9.5%)
22 (26.2%)
53 (63.1%)
4 (3-5)
10 (10-30)
0.075, 0.279
(-0.352-0.806)
1 (0-4)
69 (82.1%)
36 (51.4%)
29 (41.4%)
5 (7.1%)
20 (23.8%)
11 (13.1%)
14 (16.7%)

17 (63.0%)
10 (37.0%)
82.3, 8.86
(66-99)
16 (59.3%)
1 (3.7%)
10 (37.0%)
0 (0.0%)
7 (26.9%)
4 (15.4%)
11 (42.3%)
4 (15.4%)
10.6, 3.94 (0-18)
0 (0.0%)
4 (14.8%)
14 (51.9%)
1 (3.7%)
8 (29.6%)
-

4 (2-5)
30 (15-40)
0.199, 0.344
(-0.256-0.906)
2 (0-5.5)
23 (85.2%)
18 (78.3%)
5 (21.7%)
0 (0.0%)
9 (33.3%)
8 (29.6%)
4 (14.8%)

Test value

P-value

X2(1) = 0.010

0.921

t (109) = 1.229

0.222

X2(3) = 4.195

0.241

X2(3) = 2.827

0.419

t (52) = -1.388
X2(4) = 4.133

0.171
0.388

N/A

N/A

Z = -0.807
Z = -2.936
t (109) = -1.899

0.420
0.003*
0.060

Z = -0.969
X2(1) = 1.33
X2(2) = 5.625

0.333
0.715
0.060

X2(1) = 0.960
X2(1) = 3.937
X2(1) = 0.052

0.327
0.047*
0.820

NOTE | M=mean, SD=standard deviation, IQR=interquartile range, CDR=Clinical Dementia Rating,
CCI=Charlson Comorbidity Index, EQ-5D=Euroqol 5 Dimension, OHIP=Oral Health Impact Profile, PRN=Pro
Re Nata, X2=chi square test, t=independent sample t-test, Z=Mann-Whitney U-test, N/A=Not Applicable,
*=p<0.05.
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TABLE 2 | Oral function and nutritional status of all participants and of residents
with and without dementia separately.
Total (n=111)

Dementia (n=84)

No Dementia (n=27)

Test value

P-value

Dental status, dentate [n (%)]

77 (69.4%)

59 (70.2%)

18 (66.7%)

X2(1) = 0.123

0.726

Present teeth median (IQR)

16 (7-22)

14 (6-21)

22 (12.75-24.25)

Z = -2.302

0.021*

OU median (IQR)

0 (0-4)

0 (0-3)

4 (0-7)

Z = -2.625

0.009**

Functional categories [n (%)]

0-2 OU no dentures
0-2 OU + dentures
3-5 OU
≥ 6 OU

54 (48.6%)
31 (27.9%)
13 (11.7%)
13 (11.7%)

48 (57.1%)
21 (25.0%)
8 (9.5%)
7 (8.3%)

6 (22.2%)
10 (37.0%)
5 (18.5%)
6 (22.2%)

Z = -3.283

0.001**

Subjective swallowing quality [n (%)]

Good
Moderate
Bad

81 (73.0%)
25 (22.5%)
5 (4.5%)

59 (70.2%)
22 (26.2%)
3 (3.6%)

22 (81.5%)
3 (11.1%)
2 (7.4%)

X2(2) = 3.084

0.214

Subjective chewing quality [n (%)]

Good
Moderate
Bad

58 (52.3%)
38 (34.2%)
15 (13.5%)

40 (47.6%)
30 (35.7%)
14 (16.7%)

18 (66.7%)
8 (29.6%)
1 (3.7%)

X2(2) = 4.180

0.124

Orofacial pain [n (%)]

45 (40.5%)

41 (48.8%)

4 (14.8%)

X2(1) = 9.796

0.002**

SXI median (IQR)

6 (5-11.75)

7 (5.5-13)

6 (5-10)

Z = -1.220

0.222

Soft diet [n (%)]

39 (35.8%)

35 (42.7%)

4 (14.8%)

X2(1) = 6.865

0.009**

Weight in kg M, SD (range)

61.5, 16.9 (31.4-114)

59.9, 16.5 (31.4-114)

66.5, 17.3 (38.9-99.1)

t (109) = -1.805

0.074

BMI M, SD (range)

22.5, 5.2 (12-37)

22.0, 5.0 (12-37)

24.0, 5.6 (14-37)

t (109) = -1.787

0.077

Decline in food intake [n (%)]

Severe decrease
Moderate decrease
No decrease

2 (1.8%)
37 (33.3%)
72 (64.9%)

2 (2.4%)
31 (36.9%)
51 (60.7%)

0 (0.0%)
6 (22.2%)
21 (77.8%)

Z = -1.651

0.099

Weight loss last 3 months [n (%)]

> 3 kg
1-3 kg
No weight loss
Unknown

8 (7.2%)
28 (25.2%)
63 (56.8%)
12 (10.8%)

5 (6.0%)
22 (26.2%)
48 (57.1%)
9 (10.7%)

3 (11.1%)
6 (22.2%)
15 (55.6%)
3 (11.1%)

Z = -0.303

0.762

8.7, 2.7 (2-14)

8.3, 2.7 (2-13)

10.4, 2.0 (6-14)

t (109) = -3.128

0.002**

21 (18.9%)
51 (45.9%)
39 (35.1%)

12 (14.3%)
37 (44.0%)
35 (41.7%)

9 (33.3%)
14 (51.9%)
4 (14.8%)

X2(1) = 8.382

0.015*

MNA-SF Total score M, SD (range)
MNA-SF [n (%)]

Normal nutritional status
At risk of malnutrition
Malnourished

NOTE | IQR=interquartile range, M=mean, SD=standard deviation, OU=Occlusal Units, SXI=Summated Xerostomia Inventory, BMI = Body Mass Index in kg/m2, MNA-SF=Mini Nutritional Assessment Short Form,
X2=chi square test, t=independent sample t-test, Z=Mann-Whitney U-test, N/A=Not Applicable, *=p<0.05,
**=p<0.01.
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Total residents with
dementia approached that
met inclusion criteria (107)

Total residents without
dementia approached that
met inclusion criteria (44)

TABLE 3 | Spearman correlation between oral function, nutritional status, and
quality of life in nursing home residents.
1
1 Present
teeth

Resident
had capacity
(12)

Resident
had no
capacity (95)

Resident did
not wish to
participate (6)

Personal
consultee
(83)

Professional
consultee
(12)

Resident did
not wish to
participate
(17)

Personal
consultee
indicated
that resident
should not
participate (8)

Total
participating
personal
consultee (12)

5

6

7

8

9

–

2 OU

r=.78**

–

3 Functional
categories

r=.60** r=.80**

–

4 Swallowing r=-.13
quality

r=-.14

r=-.11

–

5 Chewing
quality

r=-.18

r=-.18

r=-.20* r=.41**

6 SXI

r=-.05

r=-.15

r=-.22

7 MNA-SF

r=.42** r=.44** r=.35** r=-.41** r=-.54** r=-.35**

8 EQ-5D

r=.00

r=.02

r=.13

r=-.43** r=-.43** r=-.44** r=.45**

9 OHIP-14

r=-.22

r=-.23

r=-.26

r=.17

–

r=.41** r=.37**

–
–
–

r=.42** r=.37* r=-.32* r=-.31*

–

Oral function

Total participants in
group 2 (27)

FIGURE 1 | Recruitment flowchart residents with and without dementia.
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There were no significant differences between people with and without dementia
regarding demographics, comorbidity (CCI), quality of life (EQ-5D), and oral-health
related quality of life (OHIP-14). Functional ability (Barthel Index) was significantly poorer in the dementia group (median (IQR) dementia group: 10 (10-30) vs
non-dementia group: 30 (15-40); p=0.003).

Total
participating
professional
consultee(12)

Total participants in group 1 (84)

3

NOTE | n = 111, OU=Occlusal Units, SXI=Summated Xerostomia Inventory, MNA-SF=Mini Nutritional Assessment Short Form, EQ-5D=Euroqol 5 Dimension, OHIP=Oral Health Impact Profile, r = Spearman correlation coefficient, *=p<0.05, **=p<0.01.

Agreement
form not
returned(9)

Total
participating
with capacity
(12)

2

Factors regarding oral function of all participants and of residents with and without dementia separately are given in Table 2. Of all participants, 69.4% were dentate and the median number of OU was 0. Regarding functional categories, 48.6%
had 0-2 OU without dentures, and only 23.4% had 3 OU or more. Residents with
dementia had significantly less natural teeth (p=0.021), less OU (p=0.009), and
poorer outcome regarding functional categories (p=0.001). Subjective swallowing
quality was indicated as good by 73% of the participants, while 52.3% indicated
the subjective chewing quality as good. Orofacial pain was significantly more prevalent in residents with dementia (48.8%), than those without dementia (14.8%)
(p=0.002).
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TABLE 4 | Association between dental status, orofacial pain, and being on a soft diet
and oral function, nutritional status, and quality of life in nursing home residents.
Dental status

Orofacial pain

Soft diet

p-value

p-value

p-value

Dental status [X2]

–

–

–

Orofacial pain [X2]

0.015*

–

Soft diet [X2]

0.068

Present teeth [Z]
OU [Z]

TABLE 5 | Univariate and multiple linear regression of the relationship between
oral function factors and nutritional status (MNA-SF) in nursing home residents.
Univariate regression
R

R2

coefficient

95% C.I.

t

p-value

Dental status

.04

.00

-.22

-1.32; .88

-.40

.687

–

Functional categories

.35

.12

.90

.44; 1.36

3.85

<.001a

<0.001**

–

Quality of swallowing

.41

.17

-1.97

-2.81; -1.14

-4.67

<.001 a

-

0.020*

0.215

Quality of chewing

.54

.29

-2.02

-2.62; -1.42

-6.66

<.001 a

-

0.007**

0.747

Orofacial pain

.32

.10

-1.75

-2.73; -.77

-3.55

.001 a

Functional categories [Z]

0.159

0.012*

0.051

SXI

.32

.10

-.13

-.23; -.03

-2.63

.011 a

Swallowing quality [Z]

0.591

<0.001**

<0.001**

Soft diet

.45

.20

-2.46

-3.40; -1.52

-5.17

<.001 a

Chewing quality [Z]

0.122

<0.001**

<0.001**

SXI [Z]

0.697

0.008**

0.002**

MNA-SF [t]

0.687

0.001**

<0.001**

EQ-5D [t]

0.802

0.003**

<0.001**

R

R2

coefficient

95% C.I.

t

p-value

OHIP-14 [t]

0.100

0.001**

0.481

.53

.28

Functional categories

.45

-.02; .92

1.93

.059

Quality of swallowing

-.83

-1.99; .33

-1.43

.159

Quality of chewing

NOTE | n = 111, OU=Occlusal Units, SXI=Summated Xerostomia Inventory, MNA-SF=Mini Nutritional Assessment Short Form, EQ-5D=Euroqol 5 Dimension, OHIP=Oral Health Impact Profile, t=independent sample
t-test, X2=chi square test, Z=Mann-Whitney U-test *=p<0.05, **=p<0.01.

Nutritional status
Information on nutritional status of all participants and of residents with and without
dementia separately are shown in Table 2. Significantly more residents with dementia (42.7%) were on a soft diet, compared to residents without dementia (14.8%)
(p=0.009). The mean outcome of the total score of the MNA-SF for residents with
dementia was 8.3 (SD 2.7) and was significantly lower than the mean of 10.4 (SD
2.0) of residents without dementia (p=0.002). Residents with dementia scored significantly poorer on the screening score of the MNA-SF (p=0.015). According to the
MNA-SF, of the residents with dementia, 41.7% were malnourished and 44.0% were
at risk of malnutrition. In residents without dementia, 51.9% were at risk of malnutrition and 14.8% were malnourished.
In Table 3 and Table 4, the associations between oral function factors, nutritional status, and quality of life in nursing home residents are shown. Being dentate (p=0.015),
lower number of teeth (p=0.020), lower number of OU (p=0.007), poorer functional
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Multiple regression

-1.27

-2.22; -.31

-2.66

.010*

Orofacial pain

.68

-.59; 1.93

1.08

.285

SXI

-.04

-.16; .08

-.67

.508

Soft diet

.39

-1.17; 1.95

.50

.619

NOTE | n = 111, SXI=Summated Xerostomia Inventory, MNA-SF=Mini Nutritional Assessment Short Form,
C.I. = confidence interval, a = p<0.10 and included in multivariable regression model, *=p<0.05.

category (p=0.012), poorer swallowing quality (p<0.001), and poorer chewing quality (p<0.001) were significantly associated with the presence of orofacial pain.
Lower number of teeth (p<0.001), lower number of OU (p<0.001), poorer functional category (p<0.001), poorer swallowing quality (p<0.001), poorer chewing quality
(p<0.001), presence of orofacial pain (p=0.001), xerostomia (p=0.005), and being
on a soft diet (p<0.001) were significantly associated with a poorer nutritional status. A poorer quality of life, according to the EQ-5D, was significantly associated with
poorer swallowing quality (p<0.001), poorer chewing quality (p<0.001), presence
of orofacial pain (p=0.003), xerostomia (p<0.001), being on a soft diet (p<0.001),
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and poorer nutritional status (p<0.001). A poorer oral health-related quality of life,
according to the OHIP-14, was significantly associated with poorer chewing quality
(p=0.005), presence of orofacial pain (p=0.001), xerostomia (p=0.014), and poorer
nutritional status (p=0.039).
In Table 5, the univariate and multiple linear regression between oral function factors and nutritional status (MNA-SF) are reported. Functional categories, quality
of swallowing, quality of chewing, orofacial pain, SXI, and being on a soft diet were
eligible for the multivariable regression model (p<0.10). After adjusting for the other oral function factors, only quality of chewing (p=0.010) remained significantly
associated with nutritional status. This model explained 28% (R2=0.28) of the variance in nutritional status.

Discussion
Our aims were to compare the oral function, nutritional status, and quality of life
between nursing home residents with and without dementia, and to examine the
association between oral function, nutritional status, and quality of life. Almost half
of nursing home residents had insufficient oral function, which was negatively associated with quality of life and nutritional status. The oral function and nutritional
status of residents with dementia was poorer than of those without.
A previous study from the Netherlands reported that 13% of older people with dementia had less than 3 OU and no dentures, and that older people with dementia
had fewer teeth and OU than older people with Mild Cognitive Impairment [35].
Poorer nutritional status in nursing home residents with dementia than in those
without was reported previously [18]. These authors also found an association between malnutrition and edentulism [18]. A significant association between quality
of chewing and nutritional status was found in a study conducted in Dutch nursing
homes [36]. Another study confirms the association between poor oral function and
poor oral health-related quality of life [11, 37].

Strengths and limitations

ever, without the use of information of carers we would have to exclude the very
people, whose care we wish to improve. Furthermore, no sample size calculation
was performed for these analysis, and we did not account for the number of tests
performed. Therefore, we were at risk of not having enough power to perform the
proposed tests. Fortunately, this was not the case. The MNA-SF was used for the
assessment of the nutritional status, which is a screening tool. To establish a comprehensive overview of the nutritional status, a more extended interview, including
a food diary, is required. Since this study was cross-sectional with a single assessment on one day, this was not possible.

Implications
Almost half of the nursing home residents had insufficient objective chewing ability
(<3 OU and no dentures), and 47.4% indicated their subjective quality of chewing
as moderate or bad. Of all participants, 81% were at risk of malnutrition or were
malnourished. Strikingly, malnutrition increases the mortality and morbidity risk
and decreases quality of life [19, 20].
Orofacial pain was more prevalent in residents with dementia than those without,
and it was significantly associated with poor OHQoL. In another chapter we elaborate more on these clinical results and we report on the validity testing of the observational tool (Chapter 5). Both oral function and nutritional status were poorer
in residents with dementia than in those without, and poor nutritional status was
associated with poor oral function and orofacial pain. These results highlight the
need for routine dental care in nursing home residents, to maintain sufficient chewing ability and treat possible pain causing oral health problems. In case of an insufficient number of OU (<3), properly fitting dentures should be provided. In dentate
residents, the Shortened Dental Arch (SDA) concept (e.g., dentition with intact
front teeth and a reduction of OU of posterior teeth, starting posteriorly), instead
of removable partial dentures, could be considered [38]. Previous studies showed
promising results of the SDA concept regarding nutritional status and quality of life
[11, 39]. Furthermore, in case of a SDA, providing oral care for the resident or for
care home staff becomes easier.

This is the first study assessing the association between oral function and nutrition, including nursing home residents with dementia without capacity. Since some
participants were no longer able to verbally communicate, several questions were
answered by their carers. It is important to acknowledge the possibility of misinterpretation of subjective questions by the carers, which reduces the validity. How-

In our study, the model regarding oral function explained 28% of the variance in
nutritional status. The remaining variance in nutritional status could be explained
by other possible risk factors for malnutrition in older people (e.g., excessive polypharmacy, poor appetite, institutionalization, etc.) [40]. We suggest future research
should include those other possible risk factors for malnutrition and should use
more extended information to determine nutritional status.
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Conclusion
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negatively associated with quality of life and nutritional status. The oral function
and nutritional status of residents with dementia was poorer than of those without.
To improve oral function in care home residents, routine dental care should be
provided.
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APPENDIX 1 | The Mini Nutritional Assessment Short Form (MNA-SF).
Category

Answers

A Decline in food intake

Severe decrease in food intake (0 points)
Moderate decrease in food intake (1 point)
No decrease in food intake (2 points)

B Weight loss in the last 3 months

Weight loss greater than 3 kg (0 points)
Does not know (1 point)
Weight loss between 1-3 kg (2 points)
No weight loss (3 points)

C Mobility

Bed or chair bound (0 points)
Able to get out of bed/chair, but does not go out
(1 point)
Goes out (2 points)

D Psychological stress or acute disease in
the past three months

Yes (0 points)
No (2 points)

E Neuropsychological problems

Severe dementia or depression (0 points)
Mild dementia (1 point)
No psychological problems (2 points)

T BMI

BMI less than 19 (0 points)
BMI 19 to less than 21 (1 point)
BMI 21 to less than 23 (2 points)
BMI 23 or greater (3 points)

NOTE | BMI = Body Mass Index in kg/m2.
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The general aims of this thesis were to assess the prevalence of oral health problems and orofacial pain and its associated factors in older people with dementia
in different care settings in the UK, and to contribute to the development of a validated tool to identify orofacial pain in this population. The results of the included
studies show that orofacial pain was identified in 11.9% to 48.8% of older people
with dementia. Poor oral health was also common in older people with dementia, and was often associated with orofacial pain. The concurrent and predictive
validity testing of the Orofacial Pain Scale for Non-Verbal Individuals (OPS-NVI)
showed promising results. In this general discussion, we will elaborate on three
main subjects. Firstly, we will discuss the poor oral health status in our sample
of older people with dementia in the UK. Secondly, we will evaluate the validation
process of the OPS-NVI. Thirdly, we will discuss recommendations and future directions.

Oral health status of older people with dementia
in the UK
The results of this thesis show that the oral health in our sample of older people
with dementia in the UK, both in nursing homes and in acute hospitals, is poor.
For example, in acute hospitals, 55.8% of the dentate participants had ≥ 1 retained
roots, while 55.2% of the dentures had a poor hygiene (Chapter 3) [1]. In nursing
homes, 57.1% of older people with dementia had 0 to 2 occlusal units without dentures, and 60.9% of the dentures had a poor hygiene (Chapters 5 and 6).
In 2016, the National Institute for Health and Care Excellence (NICE) published a
guideline (NG48), to help improve oral health among care home residents in the
UK [2]. Although this guideline is very thorough and clear, it is often not implemented in this setting. In June 2019, the Care Quality Commission (CQC) evaluated the current status of oral health care in 100 UK care homes [3]. They reported
that only 28% of the care home managers have read the NICE guideline, of which
only 38% implemented all recommendations [3]. On admission, only 44% of care
homes use a recognised tool to assess oral health, and 47% of the care homes
indicated that staff did not receive specific training to perform oral care [3]. Besides
the lack of guideline usage and lack of training, work overload and high turnover of
staff are barriers to performing oral care routinely. In older people with dementia,
especially in the more advanced stages, challenging behaviour can further complicate delivery of oral care by care home staff. As a result of the barriers mentioned
above, oral care is often skipped or performed inadequately. This leads to further
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deterioration in the oral health status of persons with dementia, with all its possible
negative consequences for both oral and general health.
A controlled clinical trial, performed in Germany, showed improved oral health indicators after both six months and one year, as a result of the implementation of an
education programme, including lectures and supervised practical training, within
care homes [4, 5]. An RCT, conducted in the USA, showed that specific training to
perform oral care in people with dementia with challenging behaviour improves the
odds of people with dementia allowing oral care to be performed [6]. To improve
oral health care provision for older people with dementia in UK care homes, guidelines for this specific population need to be developed, and implemented, ensuring
adequate support for care home staff. Furthermore, care home staff may benefit
from further training to perform oral care in older people with dementia, which will
increase their knowledge, practical skills and confidence. To improve and maintain the oral health of community dwelling older people with dementia, the project
‘Don’t forget the mouth!’ was developed [7]. This project consists of an education
program and interdisciplinary collaborations between health care professionals
and informal caregivers and is still ongoing [7].
Besides the implementation of routinely providing oral care, the accessibility to
professional oral health care needs to be improved as well. Experienced barriers
to professional oral health care are fear, financial issues, mobility problems, and
difficulty in finding an available dentist, experienced with the complex needs of this
specific population [3]. In the UK, dentists who work for the National Health Service (NHS) often have long waiting lists and do not accept new NHS patients [3].
Around one-third of the care home managers indicated that they often have no or
only partial access to emergency dental care, which often results in calling a General Practitioner or even taking a person to the emergency room in the hospital [3].
To overcome the challenges described above, the implementation of professional
oral health care within care homes should be encouraged. A study conducted in Belgium showed improved knowledge and attitude towards oral health care amongst
care home staff after implementation of an education programme, including the
implementation of a mobile dental team visiting the care home [8]. Apart from the
ability to offer dental treatment within the care home, regular visits from a mobile
dental team also improves the awareness and provision of daily oral care, and establishes continuous oral health care as part of the general care in care homes.
Ultimately, a more preventive approach should be ensured, instead of only curative
and emergency treatment. Ideally, personalised oral care and treatment planning
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can be established in the earlier stages of dementia, to prevent extensive necessary
treatment in the more advanced stages.

Validation of the OPS-NVI
In people with dementia, who are no longer able to verbally communicate, observational methods are necessary to identify orofacial pain. In this thesis, the validity of
the OPS-NVI was evaluated. We will discuss the subscales ‘resting’, ‘drinking’, ‘chewing’, and ‘oral care’ separately. The subscale ‘resting’ showed excellent to outstanding
accuracy (Chapter 4 and 5) [9]. Although the presence of orofacial pain according to
self-report was low, these results are promising. To establish a baseline measurement
of the behaviour of the person involved, we recommend that the subscale ‘resting’
should remain part of the observational tool. During drinking, only 8.1% of the participants self-reported pain, but still an excellent accuracy was reported. The validity of
the subscale ‘drinking’ was not assessed before, due to a previously found prevalence
of 0% [10]. Since cold drinks could provoke pain as a result of pulpitis, we think it is
important to retain the subscale ‘drinking’, although the prevalence might be low. For
the subscale ‘chewing’, the results of this thesis showed a sensitivity of 77.8-83.3%,
and a specificity of 96.4-100%, indicating an excellent to outstanding accuracy (Chapter 4 and 5) [9]. The previous study of Delwel et al. reported a more limited sensitivity,
namely 53% [10]. In that study, only 9.7% self-reported pain during chewing, while in
our studies 10.7-24.3% self-reported pain during chewing [10]. Orofacial pain during
chewing could be caused by painful apical periodontitis or painful temporomandibular disorder, and is therefore an important subscale of the observational tool. The
subscale ‘oral care’ showed an acceptable accuracy (Chapter 5). The study of Delwel
et al. reported a sensitivity of only 12%. It is important to acknowledge that the observed behaviour during oral care could also be a response to the oral care, instead
of behaviour caused by pain. As a result, the observed behaviour, especially in those
with more severe dementia, can easily be misinterpreted. Therefore, we recommend
the removal of the ‘oral care’ subscale from the observational tool.
Since the studies included in this thesis were performed by one researcher only, reliability testing was not possible. A previous study reporting on the reliability of the
OPS-NVI showed fair-to-good to excellent inter-observer and intra-observer reliability
of the subscale ‘chewing’ [11]. Delwel et al. reported the inter-rater reliability in average
Negative Agreement of 88-96%, and in average Positive Agreement of 53-64%, indicating only an insufficient Positive Agreement for the subscale ‘oral care’ [10].

143

Every smile matters

Chapter 7: General Discussion

In conclusion, it is recommended that the subscales ‘resting’, ‘drinking’, and
‘chewing’ are retained in the observational tool, while subscale ‘oral care’ is removed. Although the validity assessment of the OPS-NVI showed promising results, further validity and reliability testing is still needed.

should continuously undergo a Plan-Do-Study-Act (PDSA) cycle, which is a simple
and effective approach to guarantee continual improvement [16].

Recommendations and future directions

This thesis contributed to improved insight on oral health, orofacial pain, and its
associated factors in older people with dementia. Furthermore, this thesis contributed to the further development of the first observational tool to identify orofacial
pain in non-verbal individuals. To be able to use the OPS-NVI in clinical practice,
further validation is highly recommended. The ultimate goal is to fully implement
oral health care in the routine health care of older people with dementia and to
carry out a preventive and personalized treatment approach.

To facilitate proper sensitivity testing, a study population with higher prevalence of
orofacial pain is necessary. This could be established by including participants with
oral health problems that could potentially cause pain. Although the OPS-NVI is
developed for non-verbal individuals, hence people with more advanced dementia,
construct validity testing can only be performed in a population that is still able to
self-report pain. Therefore, people with mild dementia should be included in future
validity testing studies as well.

Conclusion

In all previous studies, the observations were performed by researchers with a dental background (i.e., dentists and dental students). In future research, it is recommended to assess the validity and reliability of the OPS-NVI, when observations
are performed by people who are more involved in the daily care of the person
involved, such as care home staff or ward staff in the acute hospital. As a result,
the OPS-NVI could then be used in clinical practice as a screening tool to indicate
the presence of orofacial pain and indicate when referral to a dental professional
is necessary.
Although being free of pain is of high importance to preserve quality of life in older
people with dementia, it is important to acknowledge the high prevalence of oral
health problems in this population, which do not always cause pain (Chapter 3 and
5) [1, 12]. The possible impact of a poor oral health on general health and quality
of life in this frail population should be emphasized [13, 14]. For example, an association between a pathogen involved in gingival inflammation and Alzheimer’s
disease has recently been reported [15].
It is highly recommended that oral health care is implemented as part of the routine care of older people with dementia. This could be established by including
oral health care programs within multidisciplinary programs, both in long-term
care facilities and in acute hospitals. Besides the development of such programs
(including education and training), implementation and sustainability of these
programs within the care facilities is essential. To achieve this, such programs
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The number of older people with dementia has increased enormously over the past
few decades. Due to increased comorbid diseases, reduced self-care, and increased
tooth retention, more oral health problems are expected in this population. These
oral health problems can lead to orofacial pain, which is often under-detected and
under-treated in older people with dementia. Remarkably, there is little research
available on orofacial pain in older people with dementia.
In the more advanced stages of dementia, when self-reporting of pain becomes
challenging or even impossible, observational methods are needed. To identify orofacial pain in non-verbal persons, the Orofacial-Pain Scale for Non-Verbal Individuals (OPS-NVI) has recently been developed.
The main aim of this thesis was to assess the prevalence of oral health problems
and orofacial pain and its associated factors in older people with dementia in different care settings, and to contribute to the further development of a validated tool to
identify orofacial pain in this population.
In Chapter 2, a systematic review of the literature is provided on the association
between oral health factors and Oral Health-related Quality of Life (OHQoL) in
people aged 65 years or older. A comprehensive search was performed in five databases, using the following terms as index terms or free-text words: ‘Oral Health’,
‘Quality of Life’, and ‘Older People’. The 68 eligible studies indicated that OHQoL
in people aged 65 years or older is positively associated with a higher number of
teeth, a higher number of occluding pairs, implant-retained overdentures, and the
Shortened Dental Arch concept; and negatively associated with xerostomia, orofacial pain, and poor chewing ability. In the current literature, there is no consensus
on the association between edentulism, caries, and periodontal conditions on the
one hand and OHQoL. In conclusion, having a functional dentition (either natural
or prosthetic) is important for good OHQoL, whereas painful or functional complaints are associated with impaired OHQoL.
In Chapter 3, the prevalence of orofacial pain and its associated oral health factors
in older people with dementia in acute hospitals in the UK are described. This
cross-sectional observational study was carried out on acute medical wards in two
UK hospitals. Using the OPS-NVI to identify orofacial pain, 101 older people with
dementia were observed for at least 3 min during rest and 3 min during chewing.
Finally, a brief oral assessment was performed. Orofacial pain was present in 11.9%
(95% C.I. 5.9, 18.8) of participants at rest and in 21.9% (95% C.I. 14.6, 31.3) whilst
chewing. Participants who were no longer able to self-report pain were significantly
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more likely to experience orofacial pain. Oral health in both dentate and edentate
participants was poor. Low brush frequency, poor subjective chewing quality, being
on a soft diet, presence of extra-oral abnormalities, mouth care performed by a
nurse, and poor oral hygiene in dentate participants were significant predictors for
the presence of orofacial pain. Improving oral care in acute hospital patients with
dementia, particularly those who cannot self-report pain, may significantly reduce
pain and suffering in this population.
In Chapter 4, the validity of the resting and chewing components of the OPS-NVI
was assessed. A total of 56 participants with dementia, admitted to the acute hospital, who were still able to self-report pain, were observed for 3 minutes during
rest and during chewing, and the OPS-NVI was used to identify orofacial pain.
Afterwards, the participants were asked about the presence of orofacial pain using
self-report pain scales. The specificity of the OPS-NVI was 98.1% to 100%, the
sensitivity was 66.7% to 83.3%, and the AUROC was 0.824 to 0.917. The predictive
validity showed a strong correlation (0.633 to 0.930, P<.001) between the number
of positive behaviour items and the self-reported presence of orofacial pain. The
resting and chewing components of the OPS-NVI showed promising concurrent
and predictive validity. Nevertheless, further validation is required and highly recommended.
In Chapter 5, the prevalence of orofacial pain in older nursing home residents with
and without dementia was assessed and the prevalence in those with dementia
was compared with the prevalence of those without, and the association between
orofacial pain and health factors was explored. This cross-sectional study included
111 nursing home residents aged 65 years or older from four UK nursing homes, of
which 84 had dementia and 27 had no dementia. Of 84 participants with dementia,
37 were still able to self-report pain. The OPS-NVI was used to identify orofacial
pain in residents with dementia. Residents, who were able to communicate, self-reported orofacial pain. A brief oral examination was conducted in all participants.
Orofacial pain, assessed with the OPS-NVI, was present in 48.8% (95% C.I. 36.1,
50.7) of 84 residents with dementia. Self-reported orofacial pain was present in
37.8% (95% C.I. 20.4, 53.7) of 37 residents with dementia, and in 14.8% (95% C.I.
0.5, 30.4) of 27 residents without dementia. Orofacial pain was significantly more
prevalent in residents with dementia than in those without (OPS-NVI; p=0.002,
self-report; p=0.04). Having a soft diet, xerostomia, being dentate, and poor oral
hygiene in dentate residents were significant predictors for orofacial pain in residents with dementia.
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In Chapter 6, the oral function, nutritional status, and quality of life were compared between residents with and without dementia, and the associations between
oral function, nutritional status, and quality of life were examined. The nursing
home residents described in Chapter 5 were also involved in this part of the study.
Residents, their carers, and/or nursing staff were interviewed and a brief oral examination was performed. Residents with dementia had significantly fewer teeth
(p=0.021), fewer occlusal units (p=0.001) and poorer functional categories (i.e.,
number of occlusal units combined with denture usage) (p=0.001), and nutritional status was significantly poorer than those without dementia (p=0.002). In the
regression model, quality of chewing (p=0.010) was significantly correlated with
nutritional status. Almost half of residents had insufficient oral function, which was
negatively associated with quality of life and nutritional status.
In Chapter 7, a general discussion on three main subjects is provided. To improve
the oral health of older people with dementia in the UK, it is recommended to develop and implement oral health care guidelines for this specific population and to
establish continuous oral health care as part of the general care in care homes and
hospitals. Ultimately, a more preventive approach and personalised oral care and
treatment should be assured. Regarding the OPS-NVI, it is recommended to retain
the subscales ‘resting’, ‘drinking’, and ‘chewing’ in the observational tool, and to
remove the subscale ‘oral care’. Although the validity assessment of the OPS-NVI
showed promising results, further validity and reliability testing is still needed. Finally, recommendations and future directions are discussed.

Conclusion
This thesis contributed to improved insight on oral health, orofacial pain, and its
associated factors in older people with dementia. Furthermore, this thesis contributed to the further development of the first observational tool to identify orofacial
pain in non-verbal individuals. To be able to use the OPS-NVI in clinical practice,
further validation is highly recommended. The ultimate goal is to fully implement
oral health care in the routine health care of older people with dementia, and to
carry out a preventive and personalized oral care and treatment approach.
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Het aantal ouderen met dementie is de afgelopen decennia enorm toegenomen.
Als gevolg van toenemende co-morbiditeit, verminderde zelfzorg en langer behoud
van eigen tanden worden meer mondgezondheidsproblemen verwacht in deze populatie. Mondgezondheidsproblemen kunnen leiden tot orofaciale pijn, die vaak
onvoldoende wordt opgemerkt bij ouderen met dementie en daardoor vaak onbehandeld blijft. Opmerkelijk is dat er tot nu toe weinig onderzoek is gedaan naar
orofaciale pijn bij ouderen met dementie.
In de verder gevorderde stadia van dementia, wanneer zelfrapportage van pijn
moeilijk of zelfs onmogelijk wordt, zijn observatiemethoden nodig. Recent is de
Orofaciale Pijnschaal voor Non-Verbale Individuen (OPS-NVI) ontwikkeld om orofaciale pijn bij non-verbale personen te identificeren.
Het belangrijkste doel van dit proefschrift was om de prevalentie van mondgezondheidsproblemen en orofaciale pijn en geassocieerde factoren bij ouderen met
dementie in verschillende klinische situaties te bepalen en om bij te dragen aan de
verdere ontwikkeling van een gevalideerde observatieschaal om orofaciale pijn in
deze populatie te identificeren.
In Hoofdstuk 2 werd een systematisch literatuuronderzoek uitgevoerd naar de associatie tussen mondgezondheidsfactoren en mondgezondheid-gerelateerde kwaliteit van leven (‘Oral Health-related Quality of Life’; OHQoL) bij mensen van 65
jaar of ouder. Er werd een uitgebreide zoekopdracht uitgevoerd in vijf databases,
waarbij de volgende termen werden gebruikt als indextermen of tekstwoorden:
‘Mondgezondheid’, ‘Kwaliteit van leven’ en ‘Oudere mensen’. De 68 geïncludeerde
studies lieten zien dat OHQoL bij mensen van 65 jaar of ouder positief geassocieerd is met meer aanwezige elementen, een groter aantal occlusale eenheden,
implantaatgedragen overkappingsprotheses, en het verkorte-tandboogconcept. De
studies lieten een negatieve associatie zien tussen OHQoL en xerostomie, orofaciale pijn en verminderd kauwvermogen. In de huidige literatuur is geen consensus
over de associatie tussen OHQoL en tandenloosheid, cariës en tandvleesproblemen. Concluderend is het hebben van een functionele dentitie (hetzij natuurlijk of
met protheses) belangrijk voor een goede OHQoL, terwijl pijnklachten of functionele klachten geassocieerd zijn met verminderde OHQoL.
In Hoofdstuk 3 werden de prevalenties van orofaciale pijn en geassocieerde mondgezondheidsfactoren in ouderen met dementie in ziekenhuizen in het Verenigd Koninkrijk (VK) onderzocht. Deze cross-sectionele observationele studie is uitgevoerd
op acute afdelingen voor ouderen in twee ziekenhuizen in het VK. Bij 101 ouderen
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met dementie werd de aanwezigheid van orofaciale pijn gedurende minimaal 3 minuten tijdens rust en kauwen geobserveerd met de OPS-NVI. Tevens vond een kort
mondonderzoek plaats. Orofaciale pijn was aanwezig bij 11.9% (95% C.I. 5.9, 18.8)
van de deelnemers tijdens rust en bij 21.9% (95% C.I. 14.6, 31.3) tijdens kauwen.
Deelnemers die niet meer konden zelf-rapporteren, hadden significant meer kans
om orofaciale pijn te ervaren. De mondgezondheid van zowel dentate als edentate deelnemers was slecht. Lage poetsfrequentie, verminderd subjectief kauwvermogen, op een zacht dieet zijn, de aanwezigheid van extra-orale afwijkingen,
mondverzorging uitgevoerd door verpleging en slechte mondhygiëne bij dentate
deelnemers waren significante voorspellers voor de aanwezigheid van orofaciale
pijn. Pijn en lijden kan significant worden verminderd door het verbeteren van de
mondverzorging bij ziekenhuispatiënten met dementie, met name bij degenen die
geen pijn meer kunnen zelf-rapporteren.
In Hoofdstuk 4 werd de validiteit van de sub-schalen ‘rust’ en ‘kauwen’ van de OPSNVI onderzocht. In totaal werden 56 deelnemers met dementie, die waren opgenomen in het ziekenhuis en waarbij zelf-rapportage mogelijk was, 3 minuten geobserveerd tijdens rust en tijdens kauwen, waarbij de OPS-NVI werd gebruikt om
orofaciale pijn te identificeren. Vervolgens werd aan de deelnemers gevraagd of er
sprake was van pijn met behulp van zelfrapportageschalen. De specificiteit van de
OPS-NVI was 98.1% tot 100%, de sensitiviteit was 66.7% tot 83.3% en de AUROC
was 0.824 tot 0.917. De voorspellende validiteit liet een sterke correlatie (0.633 tot
0.930, P<.001) zien tussen het aantal positief gescoorde gedragsitems en zelf-gerapporteerde aanwezigheid van orofaciale pijn. De sub-schalen ‘rust’ en ‘kauwen’
van de OPS-NVI laten veelbelovende concurrente en predictieve validiteit zien.
Desalniettemin is verdere validatie van de schaal noodzakelijk en sterk aanbevolen.
In Hoofdstuk 5 werden de prevalenties van orofaciale pijn in oudere verpleeghuisbewoners met en zonder dementie beschreven en met elkaar vergeleken. Daarnaast
worden associaties tussen orofaciale pijn en gezondheidsfactoren beschreven. In
deze cross-sectionele studie namen 111 verpleeghuisbewoners van 65 jaar of ouder
van vier verpleeghuizen in het VK deel, waarvan 84 met dementie en 27 zonder
dementie. Van de 84 deelnemers met dementie waren 37 deelnemers in staat om
zelf pijn te rapporteren. Orofaciale pijn bij bewoners met dementie werd geïdentificeerd met behulp van de OPS-NVI. Bewoners die nog zelf konden rapporteren,
werd gevraagd naar de aanwezigheid van orofaciale pijn. Vervolgens vond bij alle
deelnemers een kort mondonderzoek plaats. Bij 48.8% (95% C.I. 36.1, 50.7) van
de 84 bewoners met dementie werd orofaciale pijn geïdentificeerd met behulp
van de OPS-NVI. Orofaciale pijn werd gerapporteerd door 37.8% (95% C.I. 20.4,
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53.7) van de 37 bewoners met dementie en door 14.8% (95% C.I. 0.5, 30.4) van
de 27 bewoners zonder dementie. Orofaciale pijn kwam significant vaker voor bij
bewoners met dementie dan bij bewoners zonder dementie (OPS-NVI; p=0.002,
zelf-rapportage; p=0.04). Het op een zacht dieet zijn, xerostomie, dentaat zijn en
slechte mondhygiëne bij dentate bewoners waren significante voorspellers voor de
aanwezigheid van orofaciale pijn bij bewoners met dementie.
In Hoofdstuk 6 werden de orale functie, voedingsstatus, en kwaliteit van leven van
bewoners met en zonder dementie met elkaar vergeleken en werden associaties
tussen orale functie, voedingsstatus, en kwaliteit van leven onderzocht. Dezelfde
verpleeghuisbewoners als beschreven in Hoofdstuk 5 waren betrokken bij dit deel
van het onderzoek. Bewoners, hun verzorgenden en/of verplegenden werden geïnterviewd. Vervolgens vond een kort mondonderzoek plaats. Bewoners met dementie hadden significant minder tanden (p=0.021), minder occlusale eenheden
(p=0.001) en een slechtere functionele categorie (i.e., het aantal occlusale eenheden gecombineerd met het dragen van protheses). Voedingsstatus was significant
slechter bij bewoners met dementie dan bij bewoners zonder dementie (p=0.002).
De kwaliteit van kauwen was significant (p=0.010) gecorreleerd aan voedingsstatus
in het regressie model. Bijna de helft van de verpleeghuisbewoners had onvoldoende orale functie, wat vervolgens negatief geassocieerd was met kwaliteit van leven
en voedingsstatus.
In Hoofdstuk 7 werd een algemene discussie over drie hoofdonderwerpen gegeven.
Om de mondgezondheid van ouderen met dementie in het VK te verbeteren, wordt
het ontwikkelen en implementeren van richtlijnen m.b.t. tot mondgezondheid voor
deze specifieke populatie aangeraden. Daarnaast wordt aangeraden om mondzorg
als een continu onderdeel van algemene zorg in zowel verpleeghuizen als ziekenhuizen te implementeren. Uiteindelijk moeten een meer preventieve en gepersonaliseerde zorg en behandelplanning worden gewaarborgd. Met betrekking tot de
OPS-NVI wordt aangeraden om de sub-schalen ‘rust’, ‘drinken’ en ‘kauwen’ in de
observatie schaal te behouden en de sub-schaal ‘mondzorg’ te verwijderen. Hoewel
de validiteitstesten veelbelovende resultaten lieten zien, is verder testen van validiteit en betrouwbaarheid van de observatieschaal noodzakelijk. Tenslotte werden
aanbevelingen en toekomstige richtingen bediscussieerd.
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Conclusie
Dit proefschrift heeft bijgedragen aan verbeterd inzicht in mondgezondheid, orofaciale pijn en geassocieerde factoren bij ouderen met dementie. Daarnaast heeft
dit proefschrift bijgedragen aan de verdere ontwikkeling van de eerste observatieschaal om orofaciale pijn in non-verbale personen te identificeren. Om de OPSNVI in de kliniek toe te kunnen passen, is verdere validatie sterk aangeraden. Het
ultieme doel is om mondzorg volledig te implementeren in de dagelijkse zorg van
ouderen met dementie en een meer preventieve en gepersonaliseerde zorg en behandelplanning uit te voeren.
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