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GENERAL INTRODUCTION

CHAPTER 1

The world population is ageing and the number of people with Mild Cognitive
Impairment (MCI) and dementia is increasing [1–3]. At the same time, the dental
prevention and professional dental care is improving, leading to more people with
natural dentition at higher age [4]. The combination of these two factors results in more
older people with cognitive impairment, as well as natural dentition. In people with
cognitive impairment, the risk of oral health problems and orofacial pain is increased,
because of a decline in oral self-care [5]. However, the presence of orofacial pain in
older people with MCI or dementia has been studied scarcely [6,7]. Moreover, there
LVQRVSHFLıFWRRODYDLODEOHIRUWKHREVHUYDWLRQRIRURIDFLDOSDLQLQQRQYHUEDOSHRSOH
with cognitive impairment [8]. In this thesis, these clinically relevant issues will be
addressed.
MILD COGNITIVE IMPAIRMENT

Mild Cognitive Impairment (MCI) is characterized by cognitive impairment without
the presence of dementia [9]. Cognition is the processing of information by the
EUDLQDQGFRQVLVWVRIGLĳHUHQWGRPDLQV>@7KHHWLRORJ\RI0&,FDQEHQHXURORJLF
VRPDWLF RU SV\FKLDWULF GLVHDVHV WKDW DĳHFW WKH EUDLQ DQG LV GHWHUPLQDQW IRU WKH
course of the symptoms [9]. The prevalence of MCI increases with age and varies
between 3% in people 55 years and older, and 42% in people of 65 years and
older [11]. The diagnosis is established by history taking, physical examination,
laboratory research, and cognitive screening, preferably by neuropsychological
WHVWLQJLQRUGHUWRWHVWGLĳHUHQWFRJQLWLYHGRPDLQV>@,QDGGLWLRQQHXURLPDJLQJDQG
electroencephalography (EEG) can be useful [12]. Older people with MCI are at higher
risk for developing neurodegenerative diseases, such as Alzheimer’s disease [3].
DEMENTIA

Worldwide, around 50 million people have dementia and this number is estimated to
increase to 115.4 million by 2050 [13]. Dementia is a clinical syndrome, characterized
by memory loss and impairment in other cognitive domains, such as language
(aphasia or dysphasia), motor function (apraxia), visual recognition (agnosia),
DQG H[HFXWLYH IXQFWLRQLQJ ZKLFK UHVXOW LQ GLĴFXOWLHV LQ DFWLYLWLHV LQ GDLO\ OLIH >@
Traditionally, there was a strict subdivision in subtypes of dementia, with Alzheimer’s
disease (AD 60-80%) as its most common underlying pathology [1]. Other common
pathologies are vascular dementia (VaD 10-30%), Dementia with Lewy bodies (DLB),
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and Frontotemporal dementia (FTD) [1,13]. However, recent epidemiological studies
indicated that most people with dementia have a mixed pathology and that the risk
factors for AD and VaD show a great overlap [15]. The clinical diagnosis dementia is
determined by history taking in both the patient and a reliable informant, physical and
neurological examination, laboratory investigations, cognitive screening, and additional
examination, such as neuroimaging and EEG [16]. It is important to assess the daily
functioning of the patient and the interference of the complaints with his/ her Activities
of Daily Living (ADL) [14]. There is no treatment of dementia, only of its symptoms. In
all forms of dementia the dependence on care grows with the neurodegeneration [14].

1

PAIN IN DEMENTIA

Age is a risk factor for the development of dementia, as well as for the presence of
painful conditions [17]. Therefore, it is likely that the prevalence of pain in people with
dementia is high [6–8]. However, in care facilities for older people, the analgesic use
in people with dementia (20-61%) is lower than in people without dementia (39-80%)
amongst people with a comparable presence of potential painful conditions [18].
This might indicate underdiagnosis and/or undertreatment of people with dementia.
,WZDVVXJJHVWHGWKDWSDLQLVH[SHULHQFHGGLĳHUHQWO\EHWZHHQYDULRXVVXEW\SHVRI
dementia [17]. An experimental study indicated that people with AD might have the
same pain threshold, but a higher pain tolerance than older people without dementia
[19]. However, an experimental study with functional MRI (fMRI) showed, that pain
perception and processing are not decreased in people with AD [20]. In VaD and
mixed dementia, the pain experience might increase as a result of white matter
OHVLRQVZKLFKFDQGLVFRQQHFWGLĳHUHQWEUDLQDUHDVDQGUHVXOWLQFHQWUDOQHXURSDWKLF
pain [17]. The presence of pain in people with cognitive impairment might lead to
neuropsychiatric symptoms [21].
PAIN ASSESSMENT IN DEMENTIA

With the progression of dementia, people lose the ability to communicate verbally.
People with aphasia or dysphasia become dependent on their caretakers for
observation of the presence of pain. For observation of pain in dementia, several
instruments have been developed, that use the observation of pain-related behavior
[22]. Common pain behaviors in people with cognitive impairment, indicated by
the American Geriatric Society (AGS), are facial expressions, vocalizations, body
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movements, changes in interpersonal interactions, changes in activity patterns
or routines, and mental status changes [23]. However, in people with cognitive
impairment it can be hard to distinguish between pain-related behavior and dementiarelated behavior or Behavioral and Psychological Symptoms of Dementia (BPSD),
VXFK DV DJLWDWLRQ DJJUHVVLRQ RU DSDWK\ >@ 7KHUHIRUH LQFOXVLRQ RI VSHFLıF DV
ZHOO DV QRQVSHFLıF SDLQ LQGLFDWRUV LV LPSRUWDQW LQ D YDOLG SDLQ DVVHVVPHQW WRRO
$OWKRXJK VHYHUDO SDLQ DVVHVVPHQW WRROV H[LVW PDQ\ ODFN VXĴFLHQW SV\FKRPHWULF
evaluation and international implementation [23]. The EU-COST Action TD 1005 ‘Pain
Assessment in Patients with Impaired Cognition, especially dementia’, consisting of a
JURXSRIFOLQLFLDQVDQGUHVHDUFKHUVLGHQWLıHGWKHH[LVWLQJSDLQDVVHVVPHQWWRROVIRU
dementia and developed the Pain Assessment in Impaired Cognition (PAIC) metatool by combining and evaluating the items of the existing tools [23]. For the PAIC
tool, the three main categories of the AGS guidelines were used: facial expressions,
vocalizations, and body movements [23]. Currently, the tool is being psychometrically
evaluated throughout Europe.
OROFACIAL PAIN ASSESSMENT

Orofacial pain is pain perceived in the face and/or oral cavity [24]. This pain can be
neuropathic or nociceptive [25]. Although orofacial pain is a common form of pain, it
LVRIWHQRYHUORRNHGDQGQRWRROKDVEHHQGHYHORSHGVSHFLıFDOO\IRUWKHDVVHVVPHQW
RIRURIDFLDOSDLQLQROGHUSHRSOHZLWKGHPHQWLD>@7KHUHIRUHWKHıUVWDLPRIWKLV
thesis is to develop and evaluate an orofacial pain scale for people with cognitive
impairment, especially dementia: the Orofacial Pain Scale for Non-Verbal Individuals
(OPS-NVI), which is developed as part of the PAIC-meta tool box [23].
ORAL HEALTH PROBLEMS AND OROFACIAL PAIN

'HPHQWLDDĳHFWVPDQ\DVSHFWVRISDWLHQWVŖOLIHŖVVXFKDVEHKDYLRUVRFLDOLQWHUDFWLRQ
and ability to perform Activities of Daily Living (ADL) [26]. Therefore, it is not surprising
that visits to the dentist are postponed or abandoned and the degree of oral self-care
diminishes [27]. This is worrying, because oral health is imperative for nutrition, quality
RI OLIH VRFLDO LQWHUDFWLRQ DQG JHQHUDO KHDOWK >ş@ 0RUH VSHFLıFDOO\ RUDO KHDOWK
problems may cause or exacerbate general health problems, such as aspiration
pneumonia, cardiovascular disease, and diabetes mellitus [31–33]. Furthermore,
VRPHVWXGLHVLQGLFDWHWKDWWRRWKORVVDQGRUDOLQĲDPPDWLRQVSHFLıFDOO\SHULRGRQWDO
disease, could be related to cognitive decline [34,35]. However, the occurrence
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and mechanism of the association between oral health and cognitive status are still
unclear [36,37]. Moreover, oral health problems can cause orofacial pain [24]. The
presence of orofacial pain in the last 4 weeks before assessment was reported by 22
to 37% of the older population [38–40]. The risk of orofacial pain elevates when the
degree of daily oral hygiene care decreases and the presence of oral health problems
increases. Although several studies indicate that oral hygiene in older people with
GHPHQWLDLVLQVXĴFLHQWDQGRUDOKHDOWKSUREOHPVVXFKDVFDULHVDQGUHWDLQHGURRW
remnants, are highly prevalent [41–46], the presence of orofacial pain in people with
dementia is scarcely studied [6,7,47]. Therefore, the second aim of this thesis is to
study the presence of orofacial pain and its potential causes in older people with
dementia.
ORAL (DYS)FUNCTION

As a result of better prevention of oral disease and improved professional dental
care earlier in life, people maintain their natural dentition until a higher age [48].
However, throughout an individual’s life, teeth are lost, mainly as a result of caries
and periodontitis [49], especially in people with dementia, who show a decrease
of oral hygiene self-care and professional dental care utilization [50]. Interestingly,
several studies examined the direct relation between periodontitis, tooth loss, and
cognitive impairment [36,37]. Although some of these studies indicate such a relation,
the combined results are inconclusive [36,37]. Many of the studies concerning this
subject solely aimed at periodontitis and the number of teeth present. Furthermore,
it is known that swallowing dysfunction or dysphagia is present in 13 to 57% of
the people with dementia and in 84 to 93% of the people with moderate to severe
AD [51,52]. Thus, some aspects of oral function decline with the progression of
cognitive impairment. However, not all clinical aspects of oral function seem to have
EHHQVXĴFLHQWO\VWXGLHGVXFKDVWKHQXPEHURI2FFOXGLQJ3DLUVWHPSRURPDQGLEXODU
function, and tooth wear. These aspects of oral function are important to preserve a
good nutritional status and quality of life. Therefore, the third aim of this thesis is to
study oral function in older people with dementia.
OUTLINE OF THE THESIS

Chapter 1 provides a general introduction and the main aims of this thesis.
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Chapter 2 presents a systematic review and quality assessment of articles concerning
orofacial pain and oral health problems concerning the dental hard tissues in older
SHRSOH ZLWK GHPHQWLD 6SHFLıFDOO\ LW GHVFULEHV HGHQWXORXVQHVV GHQWXUH XVH WKH
number of teeth present, the number of Decayed, Missing, and Filled Teeth (DMFT), the
number of tooth root remnants (or retained roots), the number of teeth with root caries,
coronal caries, and the presence of orofacial pain in older people with dementia. If
available, the presence of orofacial pain and the oral health indictors are compared
between older people with and without dementia.
Chapter 3 provides a comprehensive review of oral hygiene and oral health problems
concerning the oral soft tissues in older people with dementia. The primary aim is
to describe the prevalence of oral hygiene and oral health problems in older people
ZLWKGHPHQWLD0RUHVSHFLıFDOO\LWGHVFULEHVWKHLQGLFDWRUVRIJLQJLYDODQGSHULRGRQWDO
disease, the level of oral hygiene and the need for assistance with oral hygiene care,
oral pathology, and oral dryness. The secondary aim is to compare the oral hygiene
and health of oral soft tissues in older people with and without dementia.
Chapter 4 is the protocol of the PainDemiA study, of which the current study is a
part. The main aim of this multidisciplinary study is to examine the prevalence of pain
in people with the main dementia subtypes: Alzheimer’s disease, vascular dementia,
mixed dementia, dementia with Lewy bodies, and frontotemporal dementia. The
additional aims are: (1) to examine the associations between pain and neuropsychiatric
symptoms, quality of life, and cognitive function in the main dementia subtypes; (2)
to explore whether autonomic responses can be used for assessing pain in patients
with advanced dementia; (3) to develop and evaluate the psychometric properties of
the Orofacial Pain Scale for Non Verbal Individuals (OPS-NVI); (4) to examine the oral
KHDOWKRIROGHUSHRSOHZLWKGHPHQWLDDQG  WRHYDOXDWHWKHHĳHFWRISURYLGLQJIHHGEDFN
about the presence of pain, including treatment advice, to the attending physician. This
thesis will mainly address to the dentistry related aims (3) and (4). In their respective PhD
theses, Tarik Binnekade will address to the neuropsychological aspects and Janine
van Kooten to the elderly care aspects of the PainDemiA study.
Chapter 5 describes the reliability of the subscale ‘chewing’ of the Orofacial Pain
Scale for Non-Verbal Individuals (OPS-NVI). The aim of this study is to examine the
inter- and intra-observer reliability of the OPS-NVI by observing video clips of people
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with dementia from the ‘STA-OP!’ study [53]. This study is performed separately from
the PainDemiA study.
Chapter 6 presents the psychometric evaluation of the Orofacial Pain Scale of NonVerbal Individuals (OPS-NVI) as a screening tool for orofacial pain in people with MCI or
dementia within the PainDemiA study. The aim is to describe the item-reduction, interobserver reliability, and criterion validity of the subscales ‘rest’, ‘drinking’, ‘chewing’,
and ‘oral hygiene care’ of the OPS-NVI.
Chapter 7 describes the presence of orofacial pain and its potential oral causes in
older people with MCI or dementia. The aim is to examine and compare the presence
of orofacial pain and its potential causes in older people with MCI or dementia. The
research questions are: (1) How frequent is orofacial pain present in older people with
MCI or dementia?; (2) How frequent are potential painful conditions, such as coronal
caries, root caries, tooth root remnants, or ulcers present in older people with MCI
or dementia?; and (3) Is there a correlation between the level of cognitive impairment
and the number of teeth with coronal caries, root caries, and tooth root remnants?
Chapter 8 shows aspects of the oral function in older people with MCI or dementia.
The aims are to examine and compare the oral function, including perceived quality of
chewing and swallowing, function of prosthetics, number of Occluding Pairs, degree
of tooth wear, and mouth opening in people with MCI or dementia.
Chapter 9 summarizes the main results and provides a general discussion about
orofacial pain, oral health problems, and oral (dys)function in older people with MCI
or dementia. It includes overall strengths and limitations, interpretation, implications,
suggestions for future research, and the conclusions of this thesis.
Chapter 10 provides a summary of this thesis in English.
Chapter 11 provides a summary in Dutch. Dit is de Nederlandse samenvatting van
dit proefschrift.
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CHAPTER 2

ABSTRACT
Objective: The aim of this review was to provide a systematic overview including a

quality assessment of studies about oral health and orofacial pain in older people
with dementia, compared to older people without dementia.
Methods: A systematic literature search was performed in PubMed, CINAHL, and the

Cochrane Library. The following search terms were used: dementia and oral health
or stomatognathic disease. The quality assessment of the included articles was
performed using the Newcastle-Ottawa Scale (NOS).
Results: The search yielded 527 articles, of which 37 were included for the quality

assessment and quantitative overview. The median NOS score of the included studies
was 5, and the mean was 4.9 (SD 2.2). The heterogeneity between the studies was
considered too large to perform a meta-analysis. An equivalent prevalence of orofacial
SDLQQXPEHURIWHHWKSUHVHQWGHFD\HGPLVVLQJıOOHGWHHWKLQGH[HGHQWXORXVQHVV
percentage, and denture use was found for both groups. However, the presence
of caries and retained roots was higher in older people with dementia than in those
without.
Conclusions: Older people with dementia have worse oral health, with more retained

roots and coronal and root caries, when compared to older people without dementia.
Little research focused on orofacial pain in older people with dementia.
Clinical Relevance: The current state of oral health in older people with dementia

could be improved with oral care education of caretakers and regular professional
dental care.
Keywords: Aged; Dementia; Elderly; Facial pain; Gerodontology; Oral health;

Stomatognathic disease
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INTRODUCTION

During recent decades an improvement in oral health care was seen, and
consequently, an increase in the number of remaining teeth at higher ages [1]. Aging
is an important risk factor in the development of medical conditions [2], and general
health has a wide-ranging interaction with oral health [3–12]. Therefore, with the aging
of the population, an increase in oral health problems is to be expected.
Oral health in older people has been described in several studies, examining the
number of teeth present, dentures, oral disease, and caries. Edentulousness is
prevalent among older people all over the world, and is highly associated with socioeconomic status [1]. Dentures are particularly frequent among older people in the
developed countries [4]. In these countries, full dentures in both the upper and lower
jaw are worn by one-third to half of the older population, while partial dentures or full
dentures in one jaw are worn by three-quarters of the older population [3]. Dental
caries is highly prevalent in older people in several countries, such as Australia and
the USA [5,6] and is closely associated with social and behavioral factors [3,6,7]. More
VSHFLıFDOO\FDULHVWHQGVWREHPRUHSUHYDOHQWLQSHRSOHZLWKORZLQFRPHLUUHJXODU
dentist visits, lower frequency of brushing teeth, and high sugar consumption [7-9].
7KHFDULHVLQFUHPHQWVRIROGHUSHRSOH EHWZHHQQHZO\DĳHFWHGWRRWKVXUIDFHV
SHU\HDU H[FHHGWKDWRIDGROHVFHQWV EHWZHHQQHZO\DĳHFWHGWRRWKVXUIDFHV
per year) [6]. Altogether, older people have more oral health problems than younger
adults and also orofacial pain is considered to increase with age in the general
population [10].
Oral health problems become even more prevalent in older people with dementia;
as the disorder progresses, cognition, motor skills, and self-care decline, increasing
the risk of oral health problems [11,12]. Even though an increasing interest in oral
health in older people with dementia is seen in recent years, an up-to-date review
of literature, comparing oral health in older people with and without dementia, is
lacking. Furthermore, a review of orofacial pain in older people with dementia is
lacking entirely, while oral health problems can be an important cause of orofacial
pain and discomfort. Consequently, the aim of this review was to provide a systematic
overview including a quality assessment of studies about the oral health and orofacial
pain of older people with dementia, compared to older people without dementia.
For this review, the focus was on health of dental hard tissues and orofacial pain,
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representing the following available data: percentages of people with orofacial pain,
edentulousness and dentures, the Decayed Missing Filled Index, number of teeth
present and retained roots, and number of teeth with coronal and root caries. The
health of oral soft tissues will be reviewed in a separate article.
METHODS
Search, study selection and quality assessment

A literature search was performed on March 31, 2016, in the following electronic
databases: PubMed, CINAHL, and the Cochrane Library. In PubMed, the following
search query was used: ((((“Oral Health”[Mesh] OR “Oral Health” [tiab])) OR
“Stomatognathic Diseases”[Mesh])) AND ((“Dementia”[Mesh] OR “Dementia”[tiab])).
In CINAHL and the Cochrane Library, the same search terms were used, with
GDWDEDVHTXHULHVDGMXVWHGWRWKHVSHFLıFGDWDEDVH1RUHVWULFWLRQVZLWKUHJDUGWR
language, year of publication or methodology were applied during the search in order
to maximize the inclusion of appropriate articles. Articles published in languages
other than Dutch, English, and German were assessed by native speakers with
dental knowledge for that particular language. Next, the titles, abstracts, and full texts
were reviewed according to inclusion and exclusion criteria. The inclusion criteria
were: older people with dementia, oral health, stomatognathic disease, facial pain,
and useable data. Exclusion criteria were: age below 60, no dementia, not about
oral health or stomatognathic disease, case report, review, no useable data (e.g., no
quantitative data).
The screening of the titles, abstracts, and full texts, as well as the assessment of
the quality of the Dutch, English, and German studies, was done independently by
a dentist (SD) and a neuropsychologist (TB). The criteria were formulated in advance
and disagreements between reviewers were resolved by consensus. Articles
published in other languages were screened and assessed by a native speaker
(for the particular language) with a background in dentistry. The reference lists of
the included articles were scanned for complementary studies. If full texts were
not available, or the dementia diagnosis or oral health data was unclear, the original
authors were contacted, up to a maximum of three times. If the dementia diagnosis
or oral health data remained unclear, the article was excluded. The quality of the
remaining articles, including risk of bias, was assessed with the Newcastle-Ottawa
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Scale (NOS), using a maximum score of 9 [13]. In this review, a NOS quality score of
7 (=78% of the maximum score) or more, was considered a high score.
Data extraction

Although the search focused on oral health in general, this review only discusses
the dental hard tissue variables. The oral soft tissue variables will be reported in a
separate review. The division between dental hard and soft tissues is often seen in
DUWLFOHVWKDWUHSRUWRUDOKHDOWKLQROGHUSHRSOHZLWKGHPHQWLD>@7KHıUVWUHYLHZ
author (SD) extracted the data from the included studies, and the second (TB) and
last author (FL) checked the extracted data. The following data were extracted from
the included articles: (1) study design (e.g., cross-sectional, case-control, cohort
study), (2) participant characteristics (including age, dementia diagnosis, subtype, and
severity), (3) outcome measures, including orofacial pain, dentures, edentulousness,
number of teeth present [17], Decayed Missing Filled Teeth (DMFT) index [18], coronal
caries, root caries, and retained roots. If a study published baseline and follow-up
data within the same article, only the baseline data was used. The principal summary
measures used were percentages and means, including standard deviation. The
heterogeneity of the data was checked.
RESULTS
Study selection, characteristics and participants

The search yielded 577 studies, up to publication year 2016. After the duplicates
had been removed, 527 studies remained. The titles and abstracts of the remaining
studies were screened, leading to the exclusion of 428 studies because they did not
meet the inclusion criteria. The 99 remaining full text articles were then examined for
eligibility, of which 62 were then excluded because they did not meet the inclusion
criteria. Only 1 study was added through scanning the reference lists of the included
articles [19]. Thereafter, the quality of the 37 included studies was assessed. The
ĲRZFKDUWRIVHDUFKLVSUHVHQWHGLQ)LJXUH'XULQJWKHUHYLHZSURFHVVDXWKRUV
were contacted for further information of which 7 replied. Additional information about
the dementia diagnosis was given by Chen et al. and Del Brutto et al. [20-23] and
DGGLWLRQDOGDWDZDVSURYLGHGE\DXWKRUVRI%RPıPHWDO)MHOGHWDO.HUVWHQHWDO
Lee et al. and Stewart et al. [24-27].
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2IWKHıQDOLQFOXGHGVWXGLHV 7DEOH ZHUHFRKRUWVWXGLHVZHUHFDVHFRQWURO
studies, 19 were cross-sectional studies, and 1 had an randomized controlled trial
(RCT) design. Most of the studies were in English; the articles of Nishiyama et al. and
Sumi et al. were in Japanese [50,55]. The relevant information of these 2 Japanese
studies was extracted by a native Japanese speaker with dental knowledge; the
study of Nishiyama et al. was excluded for not involving older people with dementia.
Altogether, the included studies about dental hard tissues involved 3770 participants
with dementia and 4036 participants without dementia. The mean age of the
participants with dementia was 78.18, and the mean age of the participants without
dementia was 74.0 years. The reported method to classify the group of people
ZLWK GHPHQWLD YDULHG 6HYHQ VWXGLHV VSHFLıHG WKH GHPHQWLD VXEW\SH $O]KHLPHUŖV
disease, vascular dementia, and other types of dementia, such as Lewy bodies
[30,35,36,38,42,51,52]. Three studies divided the group according to dementia
severity [26,28,41]. Four studies were about nursing home residents (Table 2), without
separate data about older people with and without dementia [29,56,57,58]. The
authors of these studies (Chalmers et al. and Hopcraft et al.) were contacted, but it
was impossible to obtain separate data for the participants with and without dementia.
Group and outcome variables

'HPHQWLDZDVFODVVLıHG 7DEOH ZLWKWKH'LDJQRVWLFDQG6WDWLVWLFDO0DQXDORI0HQWDO
'LVRUGHUV '60,,, RU ,9  >@ RU ,QWHUQDWLRQDO &ODVVLıFDWLRQ RI 'LVHDVH ,&' 
[62], National Institute of Neurological and Communicative Disorders and Stroke
and the Alzheimer’s disease and Related Disorders Association (NINCDS-ADRDA)
[63,64], computed tomography (CT), Magnetic Resonance Imaging (MRI), Positron
(PLVVLRQ7RPRJUDSK\ 3(7 >@&OLQLFDO'HPHQWLD5DWLQJ &'5 >@FODVVLıFDWLRQRI
dementia by the Ministry of Health, Labour and Welfare (MHLW) of Japan [46], and/
or the existing medical chart of the participant. In addition to dementia diagnosis,
measurements for cognitive status were used, such as the Abbreviated Mental
Test (AMT) [28,67], Mini-Mental State Examination (MMSE) [68], or Minimum Data
Set Cognitive Score (MDS-COGS) [33,69]. Additionally, functional measures (e.g.,
Activities of Daily Living) were used.
The studies showed a variety of outcome measures concerning dental hard tissues
(Table 1). The most used measures were number of teeth present [17], Decayed
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Missing Filled Teeth (DMFT) index [70-71], number of retained roots and, number of
teeth with coronal and root caries.
The development of dental caries was measured using the following outcome
measures: crude caries increment (CCI) [18,36], root caries index (RCI) [3], net caries
LQFUHPHQWV 1&, >@DQGDGMXVWHGFDULHVDQGıOOLQJLQFUHPHQWV $'-&, >@
The use of prosthetics was reported by percentages of edentulousness and presence
of removable prosthetics.

2

Figure 1: Flow chart of the literature search
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Table 2: Overview of studies about the oral health in nursing home residents, including people with
dementia, without subdivision in people with dementia and without dementia
Study

Design

NHR Mean Percentage
(=N) age
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Chart

Present teeth, DMFT,
coronal caries, retained
roots

DJCI$GMXVWHGFDULHVDQGıOOLQJLQFUHPHQWVADSNH: Adelaide Dental Study of Nursing Homes, CCI:
Crude Caries Increment, DMFT: Decayed Missing Filled Teeth, MMSE: Mini Mental State Examination,
mv: missing value, NCI: Net Caries Increment, NHR: Nursing Home Residents

Quality assessment
An overview of the results of the quality assessment with the Newcastle-Ottawa Scale
[13] is presented in Table 3,4,5, and 6. The NOS scores of the assessed articles
ranged from 1 to 9; the median score was 5 and the mean was 4.9 (SD 2.2). Of the
37 studies, 9 studies had an NOS score of 7 or higher.
In 14 (=53.8%) of the non-cohort the studies, the DSM, ICD or NINCDS-ADRA was
XVHGIRUWKHFODVVLıFDWLRQRIWKHGHPHQWLDGLDJQRVLV)RU  VWXGLHVWKH
SDUWLFLSDQWVGHPRQVWUDWHGJRRGUHSUHVHQWDWLYHQHVVRIWKHFODVVLıFDWLRQŕROGHUSHRSOH
with dementia’. Controls, in this case older people without dementia, often (=54.1%)
came from other sources than the cases. In only 11 (=29.7%) of the non-cohort
studies, it was explicitly stated that the controls had no history of dementia. Of all 37
studies, 51.4% had comparable age and 37.8% had comparable gender between
cases and controls. Almost all studies (=91.9%) used a standardized, structured
method for the dental examination. Only 3 studies (=18,2% of the non-cohort studies)
described the non-response rate [25,45,52]. For most of the 11 cohort studies
(=90.9%), the follow-up period was longer than three months. At the same time, the
number of subjects lost to follow-up was reported in only 2 (=22.2%) of the cohort
studies.
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Cohort study
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Table 3: Methodological quality assessment of the included cohort studies with the Newcastle Ottawa Scale
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Table 4: Methodological quality assessment of the included case-control studies with the Newcastle Ottawa Scale
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Table 5: Methodological quality assessment of the included cross-sectional studies with the Newcastle Ottawa Scale
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+

-

+

mv

0

59
79.8 (7.4)

30
61.2 (11.2)

22
81.9 (6.5)

84

%RPıPHWDO

Chapman et al. 1991

Chu et al. 2014

De Souza Rolim et al. 2014

Elsig et al. 2013

Kossioni et al. 2012

27
76.5 (6.8)

29
82.5 (6.3)

29
75.2 (6.7)

59
79.8 (7.4)

85 AD
74.9

mv

-

54.6%

43.3%

14.0%

-

46.7%

ND- MiD 70.0%

No Dementia

Dementia

54 ND-MiD
85.5 (7.6)

81 MoD-SeD
80.8 (7.6)

No Dementia

Study

?

Adam and Preston 2006

?

Edentulousness

+

Exposure

Score

62.9%

62.1%

32.3%

17.0%

No teeth, with and without dentures

P=0.774

P= 0.614

Not dentate

No teeth, with and without dentures

7

AD 64.7%

Not dentate

:WLJPÄJH[PVU

+

1RVSHFLıFDWLRQ

+

40.0%

MoD-SeD 63.0%

Dementia

+

Gender Assessment Same method Nonresponse Total
of oral health cases &
rate
controls

Comparability
'HðQLWLRQ Age
of controls

Number of participants
Mean age in years (SD)

Table 7: Edentulousness in older people with and without dementia

NB: + met, - unmet, ? unclear

Fjeld et al.
2014 [25]

RCT

'HðQLWLRQ Representativeness Selection
of cases
of cases
of controls

Selection

Table 6: Methodological quality assessment of the included Randomized Clinical Trial with the Newcastle Ottawa Scale
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39

40

0

278
81.4 (4.6)

133 ND
80.3 (6.8)

Srilapanan et al. 2013

Syrjala et al. 2012

Warren et al. 1997

31.6%
OD 32.0%

AD 40.0%

1RVSHFLıFDWLRQ

No teeth, with and without dentures

No teeth

No teeth, with and without dentures

:WLJPÄJH[PVU

AD: Alzheimer Dementia, Dem: Dementia, DQ: Dementia Questionnaire, MiD: Mild Dementia, MoD: Moderate Dementia, mv: missing value, ND: No Dementia,
OD: Other Dementia, SeD: Severe Dementia, VaD: Vascular Dementia

52 OD
81.4 (7.3)

45 AD
81.6 (6.9)

OD 72.7%

11 OD
85.3 (4.8)

AD 63.3%

11.6%

VaD 68.8%

44.6%

-

MoD 36.0%
SeD 45.0%

Dementia

16 VaD
82.2 (4.7)

49 AD
84.8 (5.6)

69
75.5 (7.0)

43.0%

No Dementia

40
87 (6.6)

Dementia

No Dementia

Study

Nordenram et al. 1996

40 AD
87 (7.0)

Edentulousness

Number of participants
Mean age in years (SD)

Table 7: Continued
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Results for each outcome variable
With respect to edentulousness, a wide range of percentages between studies was
seen among older people with and without dementia (Table 7). For people without
dementia, percentages varied from 14.0 to 70,0% [28,32] and for older people with
dementia from 11.6 to 72.7% [51,49].
In terms of denture utilization, there was also a great variation among older people
with and without dementia (Table 8). For older people without dementia, percentages
ranged from 17.0 to 81.8% [47,73]; for older people with dementia, this number ranged
from 5.0 to 100.0% [42,47]. The lowest percentage (5.0%) was seen in a group of
people with severe dementia (MMSE score below 10) [47].
The number of teeth present was the most commonly used indicator for dental
health, and there was a wide range within both groups (Table 9). For people without
dementia, it varied between 2.0 and 20.2 [24,37], and for people with dementia, it
varied between 1.7 and 20.0 [51,49].
Table 8: Dentures in older people with and without dementia
Number of participants
Mean age in years (SD)

Dentures

Study

No dementia

Dementia

No dementia

Dementia

%RPıPHWDO

mv

mv

20.0%

20.0%

Chalmers et al. 2003

113
<79: 88
80+: 25

103
<79: 82
80+ : 21

27.6-30.1%

20.7-23.3%

Chapman et al. 1991

0

85 AD
74.9 (mv)

-

59.0%

Chen et al. 2013

-

51 community living 79.3 (8.0)

community
living 48.0%

18 assisted living
80.9 (12.6)

assisted living
38.9%

501 nursing
home residents
82.6 (9.6)

nursing home
residents 47.1%

De Souza Rolim
et al. 2014

30
61.17 (11.2)

29
75.17 (6.7)

43.3%

25.8%

Eshkoor et al. 2014

71 (mv)

1210

81.8%

86.2%

Hatipoglu et al. 2011

47
65.3 (7.0)

31 AD
67.6 (9.1)

Maxillary
57.0%
Mandibular
55.0%

Maxillary
AD 97.0%
Mandibular
AD 100.0%
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Table 8: Continued
Number of participants
Mean age in years (SD)

Dentures

Study

No dementia

Dementia

No dementia

Dementia

Kim et al. 2007

919

0

53.0%

-

Nordenram et al. 1996

40
87 (6.6)

40 AD
87.0 (7.0)

17.0%

MoD 7.0%
SeD 5.0%

Ship and Puckett 1994 21
65 (12)

21 AD
64.0 (9.0)

43.0%

AD 40.0-67.0%

Srilapanan et al. 2013

0

69
75.5 (7.0)

-

40.6%

Syrjala et al. 2012

278 ND
81.4 (4.6)

49 AD
84.8 (5.6)

73.7%

AD 75.5%

16 VaD
82.2 (4.7)

VaD 68.6%

11 OD
85.3 (4.8)

OD 72.2%

AD: Alzheimer’s disease, Dem: Dementia, MoD: Moderate Dementia, mv: missing value, ND: No Dementia,
NHR: Nursing Home Residents, OD: Other Dementia, SeD: Severe Dementia, VD: Vascular Dementia

Table 9: Number of present teeth in older people with and without dementia
Number of participants
Mean age in years (SD)

Number of present teeth

Study

No dementia

Dementia

No dementia

Dementia

No dementia
vs dementia
p-value

%RPıPHW
al. 2013

mv

mv

2.0 (8.5)

3.0 (3.7)

mv

Chalmers et al.
2002 & 2003

116
<79: 78.4%
80+ : 21.6%

116
<79: 78.4%
80+ : 21.6%

17.2 (mv)

18.0

>.05

Chapman and
Shaw. 1991

-

85 AD
74.9

-

12.8

n/a

Chen et
al. 2013

-

51 community
79.3 (8.0)

-

community
living
18.2 (7.2)

n/a

Ellefsen et
al. 2009

13
79.9 (7.7)

18 assisted
80.9 (12.6)

assisted
living
19.3 (6.8)

501 NHR
82.6 (9.6)

nursing
home
residents
17.4 (7.9)

49 AD
83.6 (5.5)
15 OD
81.3 (4.0)

42

20.2 (8.9)

AD 17.3 (7.4)*
OD 16.1
(9.0)
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Table 9: Continued
Number of participants
Mean age in years (SD)

Number of present teeth

Study

No dementia

Dementia

No dementia

Dementia

No dementia
vs dementia
p-value

Ellefsen et
al. 2012

-

61 AD
82.8 (5.7)

-

AD 16.5 (7.4)

n/a

Elsig et al. 2013

22
81.9 (6.5)

29
82.5 (6.3)

6.5 (8.8)

4.9 (8.3)

.533

Fjeld et al. 2014

43
88.5 (6.6)

159
85.5 (7.7)

20.1 (6.1)

20.0 (5.8)

mv

510 NHR
194 Dem

14.6 (0.7)

(0.7)

>.05

Hopcraft et
al. 2012
Jones et
al. 1993

46
66.1 (6.9)

23
67.4 (7.5)

18.2 (7.5)

AD 17.9 (8.1)

.90

Kossioni et
al. 2012

84

27
76.5 (6.8)

-

4.4 (7.2)

n/a

Ribeiro et
al. 2012

30
67.8 (5.4)

30
79.1 (5.6)

Median 13.5*
(0.0-28.0)

Median 1.0*
(0.0-22.0)

.0004

Srilapanan
et al. 2013

-

69
75.5 (7.0)

-

19.5 (8.4)

n/a

Sumi et al.
2012

-

10
77.7 (5.9)

-

12.7

n/a

Syrjala et
al. 2012

278
81.4 (4.6)

49 AD
84.8 (5.6)

15.0 (8.2)

AD 10.9 (7.0)

Warren et
al. 1997

133
80.3 (6.8)

16 VaD
82.2 (4.7)

VaD 7.8 (3.8)

11 OD
85.3 (4.8)

OD 1.7 (1.2)

45 AD
81.6 (6.9)
52 OD
81.4 (7.3)

13.0 (10.8)

AD 10.0
(10.1)

2

p>0.05

OD 13.0
(10.6)

AD: Alzheimer Dementia, ADS NH: Adelaide Dental Study of Nursing Homes, Dem: Dementia, MiD: Mild
Dementia, MoD: Moderate Dementia, mv: missing value, N/A: not applicable, ND: No Dementia, NHR:
Nursing Home residents, OD: Other Dementia, OH CLOAD: Oral Health of Community-Living Older Adults
with Dementia, SeD: Severe Dementia, VaD9DVFXODU'HPHQWLD VLJQLıFDQWGLĳHUHQFHEHWZHHQJURXSV
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The DMFT index (Table 10) was 19.7 to 26.1 in people without dementia [5,42], and
14.9 to 28.0 [48,49] in people with dementia. The lowest DMFT was 14.9, which
was derived from a cross-sectional study from Thailand examining older people
with dementia without using a control group [49]. Only 5 studies compared older
SHRSOHZLWKDQGZLWKRXWGHPHQWLDDQGMXVWRQHVWXG\IRXQGDVLJQLıFDQWGLĳHUHQFH
between the two groups; DMFT 25.5 in people without and DMFT 28.0 in people
with dementia [48].
Taking the DMFT categories separately, “decay” varied from 0.0 to 2.9 in the group of
older people without dementia [14,15,58] and 0.3 to 6.0 in the group of older people
with dementia [15,31], “missing” from 9.3 to 28.2 in the group without dementia [28,45]
DQGWRLQWKHJURXSZLWKGHPHQWLD>@DQGŗıOOHGŘIURPWRLQWKH
group without dementia [14,28] and 0.8 to 23.9 in the group with dementia [14,49].
The reviewed studies showed that older people with dementia had more coronal
caries (0.1-2.9) [35,38,52], than older people without dementia (0.0-1.0) [14,15,35,38].
In addition, older people with dementia had more root caries (0.6-4.9) [35,38,52]
than people without dementia (0.3-1.7) [14,15,35,38]. Furthermore, retained roots
were more common in people with dementia (0.2-10) [14,35] than in people without
dementia (0.0-1.2) [5,35]. (Table 11).
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116
<79y: 91
80+: 25

113
<79y: 88
80+: 25

0

Chalmers et
al. 2002

Chalmers et
al. 2003

Chapman and
Shaw 1991

59
79.8 (7.4)

30
61.2 (11.2)

47
65.3 (7.0)

316 of
510 NHR

Chu et al. 2014

De Souza Rolim
et al. 2014

Hatipoglu et
al. 2011

Hopcraft et
al. 2012

Chen et al. 2013 -

54 ND- MiD
85.5 (7.6)

Adam et
al. 2006

194 of
510 NHR

31 AD
67.6 (9.1)

29
75.2 (6.7)

59
79.8 (7.4)

2.9 (0.4)

-

-

0.8 (1.4)

2.4 (0.3)

-

-

1.2 (1.9)

NHR
6.0 (5.2)

501 NHR
82.6 (9.6)

community
5.5 (5.4)

1.4 (0.3)

0.3-1.3*

0.5-1.6*

0.80 (1.9)

Dementia

assisted
5.3 (4.1)

-

-

0.0-0.1

0.0-0.4

1.1 (3.4)

No
dementia

Decayed

18 assisted
80.9 (12.6)

51 community
79.3 (8.0)

85 AD 74.9

103
<79: 82
80+ : 21

116
<79: 91
80+ : 25

81 MoD-SeD
80.8 (7.6)

No dementia Dementia

Study

Number of participants
Mean age in years (SD)

17.4 (0.7)

-

-

18.3 (8.9)

-

-

-

-

28.2 (6.6)

No
dementia

Missing

17.9 (0.7)

-

-

18.9 (9.4)

-

17.8 (1.0)

-

-

27.3 (7.7)

Dementia

Table 10:'HFD\HGPLVVLQJDQGıOOHGWHHWKDQG'0)7LQGH[LQROGHUSHRSOHZLWKDQGZLWKRXWGHPHQWLD

-

-

6.4 (0.7)
community
10.4 (6.3)

25.0 (0.5)

4.8 (0.6)

4.8 (0.6)

25.0 (0.4)

24.2 (6.8)

19.7 (9.5)

-

-

22.3 (8.2)
27.2 (5.7)
Range
11-32

2.5 (3.3)

NHR
8.7 (6.3)

-

25.6 (0.7)

-

-

-

2.4 (2.5)

-

-

21.5 (8.2)

-

22.1-23.9

24.7-25.7

assisted
10.9 (6.0)

-

0.90 (2.4)

ND/ MiD
0.7 (1.3)

-

No
Dementia
dementia

Dementia

No
dementia

-

DMFT

Filled
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46

Other
psychotic
diagnosis

169
77.4 (5.8)

2389
70.0(7.7)

102
84.3 (9.9)

30
67.8 (5.5)

0

36
82.6 (9.0)

60
83.4 (10.4)

Kossioni et
al. 2012

Lee et al. 2013

Luo et al. 2015

Philip et al. 2012

Ribeiro et
al. 2012

Srilapanan
et al. 2013

Zenthöfer et
al. 2014

Zenthöfer et
al. 2015

-

0.7 (1.4)

-

-

2.9 (3.0)

-

CC+RC

-

No
dementia

Decayed

-

0.6 (1.3)

1.5 (2.3)

-

3.0 (3.9)

-

CC+RC

1.8 (2.9)

Dementia

20.5 (8.5)

19.9 (9.1)

-

-

18.0 (7.1)

9.3

12.7 (7.6)

-

No
dementia

Missing

20.5 (9.2)

20.8 (8.5)

12.6 (8.4)

-

17.4 (7.3)

18.7**

10.2 (7.5)

-

Dementia

-

-

-

-

5.0 (4.8)

-

-

-

No
dementia

Filled

-

-

0.8 (1.9)

-

5.3 (5.0)

-

-

0.9 (1.5)

Dementia

25.9 (4.5)

-

-

-

-

-

-

-

-

14.9 (9.2)

25.5 (12.0- 28.0 (22.028.0)*
28.0)*

26.1 (4.2)

-

-

-

No
Dementia
dementia

DMFT

AD: Alzheimer’s disease, CC: coronal caries, D: Decayed, Dem: Dementia, DMFT: Decayed Missing Filled Teeth, F: Filled, M: Missing, MoD: Moderate Dementia,
ND: No Dementia, NHR: Nursing Home Residents, OD: Other Dementia, RC: Root Caries, SeD: Severe Dementia, VaD: Vascular Dementia, *: p<.05, **P<.001

33
81.7 (9.0)

57
83.1 (10.6)

69
75.5 (7.0)

30
79.1 (5.6)

84
85.7(9.6)

120
80.9(7.4)

19 MiD
83.9 (7.9)

27
76.5 (6.8)

No dementia Dementia

Study

Number of participants
Mean age in years (SD)

Table 10: Continued

CHAPTER 2

116
<79: 91
80+ : 25

30
61.2 (11.2)

19
79.8 (7.3)

46
66.1 (6.9)

169
77.4 (5.8)*

102
84.3 (9.9)

133 ND
80.3 (6.8)

Chalmers et al. 2002
Chalmers et al. 2003

De Souza Rolim
et al. 2014a
De Souza Rolim
et al. 2014b

Ellefsen et al. 2008
Ellefsen et al. 2012

Jones et al. 1993

Lee et al. 2013

Philip et al. 2012

Warren et al. 1997

0.4

-

0.8 (2.1)

0.8

1.0*

3.4%

0.0 *

OD 0.4

AD 0.1

-

1.0 (1.6)

1.4

2.9*

6.8%

0.5*

No dementia Dementia

Coronal caries
Mean number (SD)

0.8

-

0.5 (1.1)*

0.4

1.7*

-

6.8%

10.2%

0.0*

-

AD 4.9*

1.8
D 1.4

1.2
D 0.9
-

1.8 (3.6)*
AD 0.6

OD 0.6

-

-

1.8

-

OD 0.5*

OD 2.3*

AD 10.0*

Decayed
0.3*
Sound
0.2

Decayed
0.0*
Sound
0.1

No dementia Dementia

0.8*

No dementia Dementia
0.3*

Retained roots
Mean number (SD)

Root caries
Mean number (SD)

AD: Alzheimer’s disease, D: Decayed, Dem: Dementia, MiD: Mild Dementia, ND: No Dementia, OD: Other Dementia, VaD: Vascular Dementia, *p<.05

52 OD
81.4 (7.3)

45 AD
81.6 (6.9)

84
85.7 (9.6)

19 MiD
83.9 (7.9)*

23 AD
67.4 (7.5)

26 OD
81.5 (4.8)

61 AD
82.8 (5.7)

29
75.2 (6.7)

116
<79: 91
80+ : 25

No dementia Dementia

Study

Number of participants
Mean age in years (SD

Table 11: Retained roots, root caries and coronal caries in older people with and without dementia
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Although dental hard tissues can be an important source of orofacial pain, only
7 of the included studies published data about the presence of orofacial pain
[15,19,28,33,34,44,74]. The presence of reported dental pain in older people with
GHPHQWLDYDULHGEHWZHHQDQG2QO\LQWKHVWXG\RI&RKHQ0DQVıHOGDQG
Lipson (2002), pain with dental etiology was the central research question [33]. In
this study, 60.0% of the assessed participants were considered to have a dental
pain-causing condition (Table 12). For older people without dementia, the orofacial
pain prevalence was 6.7-18.5% [28,34].
Table 12: Orofacial Pain in older people with and without dementia
Number of participants
Mean age in years (SD)

Orofacial Pain

Pain Measurement

No dementia

Dementia No
Dementia
dementia

Adam et
al. 2006

54 ND- MiD
85.5 (7.6)

81 MoDSeD
80.8 (7.6)

18.5%

7.4%

Questionnaire: presence or
absence of pain in the last 4
weeks, asked to individuals
and/ or caregivers; nearly
60% of the responses
attained from caregivers

Chalmers
et al. 2003

113
<79: 88
80+ : 25

103
<79: 82
80+ : 21

11.2-11.5%

18.4-19.0%

Questionnaire: current
pain or discomfort.
Asked to guardian/
caregiver if necessary

Cohen0DQVıHOG
and Lipson
2002

-

21
88.0 (mv)

-

60.0%

Dental exam: considered to
have pain-causing conditions
according to dentist

De Souza
Rolim et
al. 2014

30
61.17 (11.2)

29
75.17 (6.7)

6.7%

20.7%

Questionnaire and dental
exam: orofacial pain
characteristics and Visual
Analogue Scale, McGill
Pain Questionnaire

Kossioni et
al. 2013

-

23
76.3 (7.1)

-

21.7%

Questionnaire: pain
when chewing

Study

Dem: Dementia, MiD: Mild Dementia, MoD: Moderate Dementia, mv: missing value, SeD: Severe Dementia

7KHKHWHURJHQHLW\VSHFLıFDOO\WKHFOLQLFDODQGPHWKRGRORJLFDOYDULDELOLW\EHWZHHQWKH
studies was considered too large to perform a meta-analysis.
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DISCUSSION

7KLVLVWKHıUVWV\VWHPDWLFUHYLHZZLWKDTXDQWLWDWLYHRYHUYLHZRIRUDOKHDOWKYDULDEOHV
in older people with dementia, compared to older people without dementia. Several
qualitative reviews already stated the importance of good oral health in older people
with dementia [75-83]. This review summarizes, that the number of teeth present is
comparable between older people with dementia and cognitively intact older people
[14,15,25,39,43,51,52,58]. The number of teeth present was the most commonly used
measure for dental health, presumably because of its simplicity.
Studies that compare older people with and without dementia, showed similar, high
DMFT scores for both groups [5,32,42,48,58]. Although the DMFT index gives an
indication of the dental caries history as a whole, it does not distinguish between
GHFD\HGPLVVLQJDQGıOOHGWHHWKVHSDUDWHO\7RJHWDEHWWHULQGLFDWLRQRIGLVHDVH
and treatment need, the presence of caries should be assessed individually. Dental
decay can be divided in coronal and root caries, which is a valuable distinction,
considering the etiology and treatment methods of these types of caries. Coronal
FDULHVDQGURRWFDULHVDUHVLJQLıFDQWO\PRUHFRPPRQLQROGHUSHRSOHZLWKGHPHQWLD
WKDQLQWKRVHZLWKRXWGHPHQWLD7KLVGLĳHUHQFHFDQEHH[SODLQHGE\FRJQLWLYHPHGLFDO
and functional changes in people with dementia. For example, agitated behavior,
characteristic for dementia, may complicate oral care [84], resulting in increased
plaque accumulation and higher risk of caries [14]. In addition, reduced cooperation
with dental treatment may constrain the possibilities of dental treatment [85]. The
risk of caries increases even further, as a result of decreased submandibular saliva
ĲRZUDWHVLQSHRSOHZLWK$O]KHLPHUŖVGLVHDVH>@DQGFKDQJHVLQIRRGFRPSRVLWLRQ
(e.g., more sticky, grinded, and cariogenic food), which are often seen in people
with dementia [39,58]. Furthermore, functional changes in dementia, like declined
KDQGJULSDQGPRWRUVNLOOVSOD\DUROHLQWKHFDULHVULVN>@0RUHVSHFLıFDOO\WKH
GHFOLQHLQPRWRUFRRUGLQDWLRQPLJKWUHVXOWLQPRUHGLĴFXOW\SHUIRUPLQJRUDOFDUH>@
DQGORZHUFKHZLQJDQGVZDOORZLQJHĴFLHQF\>@5HPDUNDEO\VWXGLHVORRNLQJDW
FRURQDODQGURRWFDULHVVHSDUDWHO\VKRZVLJQLıFDQWO\PRUHFDULHVLQROGHUSHRSOHZLWK
dementia. One explanation is that some studies did not include root caries as decay
in the DMFT index, as this was not mentioned in all articles [28,42,48,87].
Retained roots are more present in older people with dementia than older people
without dementia. This may be a result of the higher caries prevalence, fewer dental
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checks, resistance-to-care behavior, and decreased verbal communication skills
[88,89]. Lee and colleagues stated that, in the USA, people with dementia are less
likely to visit the dentist regularly and the last visit to the dentist was a longer time
ago, compared to older people without cognitive impairment [88]. Furthermore, an
article about the barriers to good oral hygiene in nursing homes, pointed out that
resistance-to-care behavior is a major threshold in providing good oral care, which
can be overcome by education of health workers and more time to provide oral care
[90]. Additionally, verbal communication about dental problems and pain can be
complicated in people with dementia, because of the short-term memory loss and
language disturbances, like aphasia [91].
For edentulousness, the wide range in percentages might have been related to
FXOWXUDOGLĳHUHQFHV>@DQGWKHVPDOOQXPEHURIVWXGLHVDQGSDUWLFLSDQWV)RU
LQVWDQFHSHRSOHLQGLĳHUHQWFRXQWULHVKDYHGLĳHUHQWGLHWVRUDOK\JLHQHKDELWVDQG
access to professional dental care [3,94].
Dentures were worn by approximately the same percentage of older people either
ZLWKRUZLWKRXWGHPHQWLD>@+RZHYHURQHVWXG\H[DPLQHGSHRSOHLQGLĳHUHQW
stages of dementia and found lower percentages of denture use in people with more
severe dementia [15,47]. Adam and Preston suggest that “the high rate of not wearing
dentures in the moderate/severe dementia group may in part be due to the dementia
itself” [28]. A decrease of denture use with the progress of dementia, could be
explained by the lower tolerance of dentures, decreased control of oral musculature,
decreased quality and quantity of saliva, and/ or higher risk of denture loss [85,95].
Additionally, as people are edentulous for a longer time, the processus alveolaris
resorbs more, resulting in a decrease of denture retention, especially in the lower jaw
[96]. This increases the risk of aspiration of the lower dentures, particularly in older
people with dementia, who are at increased risk of aspiration of foreign material [97].
Strikingly, orofacial pain in older people with dementia (7.4-21.7%) was rarely studied
[15,33]. This is interesting, because this particular group seems to be at higher risk
for this type of pain, considering the higher prevalence of oral health problems and
the loss of verbal communication skills as the dementia progresses. Even more so,
because being free of pain is considered an important factor in quality of life [1].
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Strengths and Limitations

The main strengths of this review are its systematic approach, the quality assessment
of the articles, the quantitative overview of the dementia and oral health variables, and
the involvement of a multidisciplinary team, including a neuropsychologist, dentists
and a pain specialist. For the search, there were no language limitations. Next to
the described search, additional searches were done with the search terms facial
pain, dental pain, DMFT, caries, and teeth present, in combination with dementia, to
check the completeness of the results of the original search. Regarding the quality
of the studies, most have a good, representative selection of cases and controls, a
good comparability between the groups, and a systematic approach of the dental
examination.
Limitations of this review are that the included studies showed a variety in outcome
measures, not all included studies reported the standard deviations of the published
mean values, and some studies about nursing home residents did not distinguish
between older people with and without dementia. In addition, the number of RCTs
was small, the number of high quality studies was low, and the heterogeneity was
too large to perform a meta-analysis. Within the studies, the non-response and
IROORZXSUDWHRIWKHSDUWLFLSDQWVZDVRIWHQLQVXĴFLHQWO\GHVFULEHG,QRUGHUWRHQDEOH
a better interpretation, it is important that these results are published. Despite the
mentioned limitations, in this review the outcome measures, standard deviations and
PHDQVFODVVLıFDWLRQRIGHPHQWLDDQG126VFRUHVRIWKHVWXGLHVDUHUHSUHVHQWHG
LQDV\VWHPDWLFPDQQHUWRHQKDQFHDEHWWHULQWHUSUHWDWLRQRIWKHGLĳHUHQWVWXGLHV
:KHQORRNLQJDWWKHHĳHFWRIWKHTXDOLW\RQWKHVWXGLHVWKHPDLQWKLQJWKDWVWULNHV
is the higher amount of coronal and root caries in older people without dementia in
high quality studies [52], compared to all studies. Furthermore, the amount of retained
roots in older people with dementia is the highest in the only high quality study that
compares retained roots in older people with and without dementia [35]. When only
the high quality studies are considered, the percentage of orofacial pain in older
people with dementia is higher [15]. The ranges of outcome values get smaller when
solely looking at the higher quality studies, especially for edentulousness [51,52],
denture use [47,51], and, number of teeth present [37,51,52]. This seems logical,
considering the smaller amount of studies involved.
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Considerations and Suggestions

This study shows a broad range of methods to classify the group of people with
dementia. The MMSE is most commonly used, even though it is only a short
cognitive screening instrument and not suitable for dementia diagnosis [98]. The
advantages of the MMSE are its easy and quick application, and the possibility of
using this tool in moderate stages of dementia (from MMSE 14), where more extensive
neuropsychological testing is no longer possible [68]. To diagnose dementia, extensive
GLDJQRVWLFH[DPLQDWLRQVKRXOGWDNHSODFHDQGVWUXFWXUDOFODVVLıFDWLRQZLWKV\VWHPV
like the ICD and DSM are preferred [61,99,100]. To distinguish between dementia
subtypes, neuro-imaging is a valuable addition [101].
For oral health, a broad range of methods is also seen, with number of teeth present
being the most common variable studied. While the number of teeth present is easy
to measure and compare between studies, it does not specify the state of the teeth.
7KH'0)7DOVRSURYLGHVLQIRUPDWLRQDERXWWKHSUHVHQFHRIFDULHVDQGıOOLQJVLQWKH
teeth and is a widely used method, which enables comparing results between studies
[102]. However, the method was developed in 1930 for epidemiological research in
children [103], and seems unsuitable for present-day dentistry in adult people, which
includes implants, crowns, and bridges. Further limitations of the DMFT are that teeth
can be lost for reasons other than caries, it cannot be used to assess root caries, and
LWJLYHVHTXDOZHLJKWWRGHFD\HGPLVVLQJDQGıOOHGWHHWK>@7KHUHLVDQHHGIRU
an international, standardized method for dental examination in (older) people, dealing
with the limitations stated above. Suggested items for the examination of dental hard
tissues are: number of teeth present, and presence of implants, crowns, bridges,
ıOOLQJV FRURQDO FDULHV URRW FDULHV DQG UHWDLQHG URRWV 7R LQYHVWLJDWH WKH FKHZLQJ
HĴFLHQF\(OVLJDQGFROOHDJXHVDOVRVXJJHVWHGWRLQFOXGHDFKHZLQJHĴFLHQF\WHVW
into a standard examination [39]. In addition, the soft tissues should be examined.
Suggestions for the examination of the dental soft tissues are beyond the scope of
this article and will be discussed in a separate review.
With regard to oral health in older people with dementia, Chalmers and colleagues
already suggested to examine the possible relationship between dental problems,
dental pain, and challenging behavior in older people with dementia [14]. As of yet,
this relationship is still scarcely studied, although dental discomfort might be an
underlying cause of behavioral problems [105,106]. This issue may even be more
urgent for people with vascular dementia, in whom the pain experience is suggested
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to be increased, due to the presence of white matter lesions [107,108]. However, the
prevalence of orofacial pain in dementia subtypes has not been studied yet, and is
a suggested subject for future research.
CONCLUSION

In conclusion, this systematic review found that older people with dementia have
worse overall oral health than older people without dementia, including coronal caries,
root caries, and retained roots. In contrast, they had an equivalent number of teeth
present, similar rate of edentulousness, and equivalent Decayed Missing Filled Teeth
index. Unfortunately, few studies have focused on orofacial pain in older people with
GHPHQWLD2UDOKHDOWKDQGVSHFLıFDOO\RURIDFLDOSDLQLQROGHUSHRSOHZLWKGHPHQWLD
is in dire need of further attention.
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CHAPTER 3

ABSTRACT
Background: The number of older people with dementia and a natural dentition is

growing. Recently, a systematic review concerning the oral health of older people with
dementia with the focus on diseases of oral hard tissues was published.
Objective: To provide a comprehensive literature overview following a systematic

approach of the level of oral hygiene and oral health status in older people with
dementia with focus on oral soft tissues.
Methods: A literature search was conducted in the databases PubMed, CINAHL,

and the Cochrane Library. The following search terms were used: dementia and oral
health or stomatognathic disease. A critical appraisal of the included studies was
performed with the Newcastle-Ottawa scale (NOS) and Delphi list.
Results: The searches yielded 549 unique articles, of which 36 were included

for critical appraisal and data extraction. The included studies suggest that older
people with dementia had high scores for gingival bleeding, periodontitis, plaque,
and assistance for oral care. In addition, candidiasis, stomatitis, and reduced salivary
ĲRZZHUHIUHTXHQWO\SUHVHQWLQROGHUSHRSOHZLWKGHPHQWLD
Conclusions: The studies included in the current systematic review suggest that older

people with dementia have high levels of plaque and many oral health problems
related to oral soft tissues, such as gingival bleeding, periodontal pockets, stomatitis,
PXFRVDOOHVLRQVDQGUHGXFHGVDOLYDU\ĲRZ
:JPLU[PÄJYH[PVUHSLMVYZ[\K`!With the aging of the population, a higher prevalence of

dementia and an increase in oral health problems can be expected. It is of interest
to have an overview of the prevalence of oral problems in people with dementia.
7YPUJPWHS ÄUKPUNZ! Older people with dementia have multiple oral health problems

related to oral soft tissues, such as gingival bleeding, periodontal pockets, mucosal
OHVLRQVDQGUHGXFHGVDOLYDU\ĲRZ
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Practical implications: The oral health and hygiene of older people with dementia is

QRWVXĴFLHQWDQGFRXOGEHLPSURYHGZLWKRUDOFDUHHGXFDWLRQRIIRUPDODQGLQIRUPDO
caregivers and regular professional dental care to people with dementia.
Keywords: Aged; Dementia; Elderly; Gerodontology; Older people; Oral health; Oral

hygiene; Stomatognathic disease
INTRODUCTION

Aging of the world population has occurred at an unprecedented rate in the 20 th
century, and is forecasted to increase further [1]. Given the increase of general health
problems with ageing [2], and the presence of many interactions between general
health and oral health [3, 4], an increase of oral health problems is to be expected.
Common oral health problems in older people are caries, periodontitis, reduced
VDOLYDU\ ĲRZ FDQGLGD DQG PXFRVDO OHVLRQV > @ ,Q GHYHORSHG FRXQWULHV FDULHV
KDV D KLJK SUHYDOHQFH LQ ROGHU DGXOWV ZLWK D PHDQ QXPEHU RI GHFD\HG DQG ıOOHG
FRURQDOVXUIDFHVUDQJLQJIURPWRDQGDPHDQQXPEHURIGHFD\HGDQGıOOHG
root surfaces ranging from 2.2 to 5.3 [6–8]. In developing countries, these data are
scarce [6]. Furthermore, periodontal disease is frequently present in older adults
>@6SHFLıFDOO\PLOGSHULRGRQWLWLVZLWKSHULRGRQWDOSRFNHWVRIPPLVSUHVHQWLQ
62-97% of the older persons [9]. More severe periodontitis, with pockets of 6 mm or
more, is present in 20-48% of the older persons [9]. In addition, the prevalence of
RUDOGU\QHVVLQFUHDVHVZLWKDJHDĳHFWLQJDSSUR[LPDWHO\RIWKHROGHUDGXOWV>
@6DOLYDU\ĲRZUDWHGHFUHDVHFDQUHVXOWLQGLĴFXOWLHVZLWKVZDOORZLQJHDWLQJDQG
FRPPXQLFDWLRQ>@0RUHRYHUUHGXFHGVDOLYDU\ĲRZFDQFDXVHKDOLWRVLVDKLJKHU
SUHYDOHQFHRILQĲDPPDWLRQRIWKHPXFRVDDQGSDURWLGFDQGLGLDVLVGHQWDOFDULHVLQ
dentate persons, and frictional lesions in denture wearers [11]. The majority of oral
diseases, including oral cancer, occur in older adults [12]. Amongst oral mucosal
lesions, denture-related lesions, such as stomatitis, angular cheilitis, ulcers, and
hyperplasia, are most common [13]. The above-mentioned oral health problems
GRQRWRQO\DĳHFWRUDOKHDOWKDQGIXQFWLRQLQJEXWPD\DOVRFDXVHRURIDFLDOSDLQRU
discomfort, and can have a negative impact on the quality of life [14, 15].
Compared to older people who are cognitively intact, older people who develop
dementia, are at increased risk of establishing oral health problems, as a result of
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decline in self-care and motor skills [16, 17]. Conversely, tooth loss and periodontitis
may be risk factors for cognitive decline, although the exact presence and causality
of the association between oral health problems and the development of dementia
remains unclear [18, 19].
Several studies described oral disease as a risk factor for the development of
dementia, but did not provide separate oral health data for the group of participants
with dementia [20–27]. It is important to have an up-to-date overview of the oral
health of older people with already present dementia, because the number of older
people with natural dentition and possible risk factors for dementia is still increasing.
Therefore, the aim of this study was to provide an up-to-date overview of studies
about oral health in people with dementia. A previous review focused on dental hard
tissues [28] and this review will aim at the oral soft tissues and oral hygiene of older
people with dementia.
MATERIAL & METHODS

For this review, the PRISMA statement [29] was followed and a protocol for the review
process was developed in advance. The main question for the review was: what
is the prevalence of oral health problems in older people with dementia? The sub
question was: how is the oral health of older people with dementia, compared with
older people without dementia? The search terms were: oral health, stomatognathic
disease, and dementia. No separate oral health terms were used for the main search.
The multidisciplinary team consisted of a professor in dentistry (FL), a professor in
neuropsychology (ES), a professor in geriatric medicine and ethics (CH), a professor
in palliative care and specialist in methodology (RP), a dentist with experience in
gerodontology (SD), and a neuropsychologist with experience with older people with
dementia (TB).
CRITERIA

Studies that were included were (randomized) controlled trials and observational
studies with and without control groups (cohort, case-control, cross-sectional).
Studies that were not included were reviews and case-reports. The inclusion
criteria for this study were: diagnosis of dementia, age 60 years or older, useable
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quantitative data concerning oral health in a group of participants with dementia, and
stomatognathic disease.
SEARCH

The search strategy was developed in collaboration with the university library of the
VU Medical Centre in Amsterdam. The search was performed in PubMed, CINAHL,
and the Cochrane Library. The last updated search was performed on January 12,
2017. In PubMed, the following search query was used: ((((“Oral Health”[Mesh] OR
“Oral Health” [tiab])) OR “Stomatognathic Diseases”[Mesh])) AND ((“Dementia”[Mesh]
OR “Dementia”[tiab])). In CINAHL: (((MH “Oral Health” OR TI”Oral Health” OR AB”Oral
Health”) OR (MH “Stomatognathic Diseases+” OR TI”Stomatognathic Diseases”
OR AB”Stomatognathic Diseases”)) AND (MH “Dementia+” OR TI “Dementia” OR
AB”Dementia”)). In the Cochrane Library: (“Oral Health” or “Stomatognathic Diseases” )
AND “dementia”. No limits were applied to the search for language, year of publication,
or methodology.
STUDY SELECTION

The titles, abstracts, and full texts in Dutch, English, and German were screened
independently by two reviewers (SD and TB) according to the pre-established
protocol and the inclusion and exclusion criteria mentioned above. Disagreements
between reviewers were resolved by consensus. Articles in languages other than
Dutch, English, or German were assessed by a native speaker with a background
in dentistry, after instruction by the authors. If the diagnosis dementia or data related
to oral health were unclear, the corresponding authors were contacted, up to a
maximum of three times over a period of four months. If this did not lead to usable
data, the article was excluded.
CRITICAL APPRAISAL

The risk of bias within studies was critically appraised by two reviewers (SD and TB).
For cross-sectional, case-control, and cohort studies the Newcastle Ottawas Scale
(NOS) was used [30] and for (randomized) controlled trials the Delphi list [31]. The
diagnosis of dementia was considered adequate if the following criteria for dementia
diagnosis were used: the Diagnostic and Statistical Manual of Mental Disorders
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'60,,,DQG,9 >@,QWHUQDWLRQDO&ODVVLıFDWLRQRI'LVHDVH ,&'DQG >@DQG
the Alzheimer’s criteria by the National Institute of Neurological and Communicative
Disorders and Stroke and the Alzheimer’s disease and Related Disorders Association
(NINCDS-ADRDA) [34, 35].
For studies with cases (with dementia) and controls (without dementia), the groups
were considered comparable if the group means for age and gender were not
VWDWLVWLFDOO\GLĳHUHQWDWWKHOHYHO
The oral health examination was considered adequate if a structured dental
examination by a dentist took place. The person who performed the oral health
examination was considered ‘blinded’ if (s)he did not know the cognitive status of
the participants in advance. The follow-up of cohort studies was considered long
enough if it was longer than three months and considered adequate if not more than
20% of the participants was lost to follow –up.
DATA EXTRACTION

The data extraction was performed by one reviewer (SD) and checked by two
other reviewers (TB and FL). The following data was extracted: (1) participant
characteristics, including age and dementia diagnosis, (2) study design, e.g., crosssectional, case-control, cohort study, or (randomized) controlled trial, and (3) baseline
outcome measures, including periodontal health and treatment need, oral hygiene,
DVVLVWDQFHQHHGZLWKRUDOFDUHRUDOPXFRVDOVWDWXVDQGVDOLYDU\ĲRZ7KHSULQFLSDO
outcome measures were means and percentages. The methodological and clinical
heterogeneity of the data was checked.
RESULTS
SEARCH RESULTS

The search yielded a total of 561 articles and after adjusting for duplicates, 548
studies remained. Of these, 445 studies were excluded based on title and abstract.
The full texts of 103 studies were assessed in more detail, and 67 were subsequently
excluded. Supplementary list 1 provides an overview of articles that were excluded
after full text screening, including the reasons of exclusion. After screening the
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UHIHUHQFHOLVWVRIWKHUHPDLQLQJDUWLFOHVVWXG\ZDVDGGHG7KHĲRZFKDUWRIWKH
search is presented in Figure 1. A total of 36 studies met the inclusion criteria and
were processed for critical appraisal and data extraction. During the review process,
14 authors were contacted for further information, and 11 of them responded (see
acknowledgements).
STUDY CHARACTERISTICS

An overview of the 36 included studies is presented in Table 1; 14 were crosssectional studies, 10 were case-control studies, 10 were cohort studies, and 2 were
(randomized) controlled trials. Most of the studies were in English; the article of Sumi
et al. was in Japanese [65]. All papers, except for the Japanese study, were assessed
by the authors SD and TB. The Japanese study was assessed by a native Japanese
speaker with dental knowledge (EY, see acknowledgements).
Various dementia subtypes were reported in four studies [46,61,66,67], and dementia
severities were reported in six of the studies [36,46,61,66-68]. Five studies described
the oral health of nursing home residents [53,72-75], including people with dementia,
but did not provide separate data for people with and without dementia.
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Figure 1: Flow chart of the literature search
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Crosssectional

Cohort

Cohort

Crosssectional

Cohort

Crosssectional

Crosssectional

Crosssectional

Casecontrol

Crosssectional

Adam et al.
2006 UK [36]

Chalmers et al.
2002 Australia [37]

Chalmers et al.
2003 Australia [38]

Chapman et al.
1991 Australia [39]

Chen et al.
2010 USA [40]

Chen et al.
2013a USA [41]

Chen et al.
2013b USA [42]

Chen et al.
2013c USA [43]

Chu et al.
2014 China [44]

&RKHQ0DQVıHOG
and Lipson
2002 USA [45]

De Souza Rolim et Caseal. 2014a Brazil [46] control

Design

Author(s),
year, country

501 NHR

Nursing homes

Community

Nursing homes

Community

Community

29 Mild AD

21

59 MiD AD

46

501

18 assisted living

Nursing homes

51 community

Assisted living

119

85 AD

103

116

81 MoD-SeD

Participants with
dementia (=N)

Community

Community and
nursing homes

Noninstitutionalized

Community

Community

Nursing homes

Living
environment

75.2 (6.7)

88.0

79.8 (7.4)

79.3

82.6 (9.6)

82.6 (9.6)

80.9 (12.6)

79.3 (8.0)

81.5 (9.2)

74.9

<79y: 82
80+y: 21

<79y: 91
80+y: 25

80.8 (7.6)

Mean age
years (SD)

30

0

59

138

199

0

372

0

113

116

54 ND
or MiD

MMSE

Not described Presence of deposits
Chart
Chart

Chart
Chart
Chart
MMSE,
MDS-COGS
NINCDSADRDA for
AD, MMSE

<79y: 88
80+y: 25
73.8 (10.7)
-

76.1 (13.9)
71.6
79.8 (7.4)
-

61.2 (11.2)

Gingival Bleeding Index,
Probing Pocket Depth,
Clinical Attachment Level,
Plaque Index O’Leary

Presence of gingivitis and
periodontal disease

Community Periodontal
,QGH[6DOLYDU\ĲRZ

Assistance need oral care

Presence of calculus/
plaque/ gingival bleeding

Presence of calculus/
plaque/ gingival bleeding,
assistance need oral care

Presence of calculus/
plaque/ gingival bleeding

Plaque Index by Silness &
Loe, mucosal pathology

Plaque Index by Silness & Loe

MMSE

<79y: 91
80+y: 25

Debris Index by Greene
& Vermillion

AMT

Method to measure oral
hygiene and oral health

85.5 (7.6)

Controls Mean age Dementia
(=N)
years (SD) assessment

Table 1&KDUDFWHULVWLFVRIWKHLQFOXGHGWKHVWXGLHVDERXWJLQJLYDODQGSHULRGRQWDOGLVHDVHPXFRVDOSDWKRORJ\VDOLYDU\ĲRZDQGRUDOK\JLHQHLQROGHUSHRSOHZLWK
dementia

ORAL HYGIENE AND ORAL HEALTH IN OLDER PEOPLE WITH DEMENTIA

3

71

72

Casecontrol

Cross
sectional

Prospective
cohort

Cohort

Casecontrol

Cohort

Gil-Montoya et
al. 2016a [50]

Gil-Montoya et
al. 2016b [51]

Hatipoglu et al.
2011 Turkey [52]

Hoben et al.
2016 Canada [53]

Hoeksema
et al. 2016
Netherlands [54]

Ide et al. 2016 [55]

Community

Nursing homes

Nursing homes

Nursing homes

Community

Community

59 MiD-MoD

479

1606

31 AD

73 MiD
66 MoD
36 SeD

133 MoD-SeD

159

RCT

Fjeld et al. 2014
Norway [49]

Nursing homes

Acute bed
29
geriatric hospital

Crosssectional

29 Mild AD

Participants with
dementia (=N)

Elsig et al. 2013
Switzerland [48]

Living
environment

Community

Design

De Souza Rolim et Cohort
al. 2014b Brazil [47]

Author(s),
year, country

Table 1: Continued

77.6 (8.6)

84.0 (7.0)

85.0 (7.5)

67.6 (9.1)

76.4 (7.5)
77.6 (7.3)
80.4 (6.5)

80.0 (7.5)

85.5 (7.7)

82.5 (6.3)

75.2 (6.7)

Mean age
years (SD)

0

246
somatic

1105

47

156

324

43

22

0

-

81.1 (8.0)

83.4 (10.5)

65.3 (7.0)

77.4 (6.9)

79.8 (8.3)

88.5 (6.6)

81.9 (6.5)

-

NINCDS–
ADRDA

MMSE

Chart

MMSE

NINCDS–
ADRDA

DSM-IVR,
NINCDSADRDA

evaluated by
physician

NPT, MMSE,
CERAD, CDR

NINCDSADRDA for
AD, MMSE

Controls Mean age Dementia
(=N)
years (SD) assessment

Presence of visible plaque,
bleeding on probing, pocket
depth, presence of moderate
and severe periodontitis
CDC/ AAP criteria

Visual plaque according
to the score of Mombelli

Presence of debris, presence
RILQĲDPHGVZROOHQRU
bleeding gums, daily oral
KHDOWKFDUHE\VWDĳ

Oral hygiene status,
mucosal pathology

Drug- induced xerostomia

Plaque Index by Silness
& Loe, Bleeding Index
by Ainamo and Bay

6LPSOLıHG2UDO+\JLHQH
Index (OHI-S) of Greene &
Vermillion, mouth dryness

Presence of visible
dental plaque

Gingival Bleeding Index,
Probing Pocket Depth,
Clinical Attachment Level,
Plaque Index O’Leary,

Method to measure oral
hygiene and oral health
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Design

Casecontrol

Crosssectional

Casecontrol

Crosssectional

Crosssectional

Crosssectional

Casecontrol

Cohort

Crosssectional

Cohort

Author(s),
year, country

Kossioni et al.
2012 Greece [56]

Kossioni et al.
2013 Greece [57]

Leal et al. 2010
Brazil [58]

Lee et al. 2013
USA [59]

Philip et al. 2012
Australia [60]

Ribeiro et al.
2012 Brazil [61]

Ship et al. 1990
USA [62]

Ship et al. 1994
USA [63]

Srisilapanan et al.
2013 Thailand [64]

Sumi et al. 2012
Japan [65]

Table 1: Continued

Community –
neurology clinic

Community –
memory clinic

Community

Community

Community

Institutionalized

Community

Community

Psychiatric
hospital

Psychiatric
hospital

Living
environment

10 AD

69

21

28

30

84

19 MiD

20 MiD with
medication

23

27

Participants with
dementia (=N)

77.7 (5.9)

75.5 (7.0)

64.0 (9.0)

68.0 (10.0)

79.1 (5.6)

85.7 (9.6)

83.9 (7.9)

69.6 (5.9)

76.3 (7.1)

76.5 (6.8)

Mean age
years (SD)

0

0

21

35

30

102

169

20

0

0

MCI, MiD:
DSM-IV

Chart, ADLOH Degree of gingival
LQĲDPPDWLRQ3ODTXH
Index by O’Leary
ICD-10,
DSM-IV,
MMSE, CDR

NINCDS6DOLYDU\ĲRZ
ADRDA, CT,
MRI, PET, NPT
NINCDSADRDA, CT,
MRI, PET, PT
Chart, MMSE

NINCDSADRDA,
MMSE

77.4 (5.8)
84.3 (9.9)

67.8 (5.5)

70.0 (10.0)

65.0 (12.0)

-

-

Gingival Index LoeSilness , Plaque Index
by Quigley- Hein
PRGLıHGE\7XUHVN\

Community Periodontal
Index (CPI), Assistance
need oral care

Change in gingival status,
periodontal pocket depth,
DQGVDOLYDU\ĲRZEXWQRVSDWH
baseline data (Ship et al.1990)

Oral Health Index by
Greene & Vermillion

Periodontal pocket depth,
SODTXH,QGH[ XQVSHFLıHG

Mucosal pathology,
VDOLYDU\ĲRZ

NPT, CDR,
MMSE

68.3 (8.3)

Mucosal complaints

Mentally ill,
incl. dementia

Presence of plaque or
calculus, mucosal pathology

Method to measure oral
hygiene and oral health

-

DSM-IV

Controls Mean age Dementia
(=N)
years (SD) assessment
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73

74

Community
– geriatric
assessment
clinic

Long-term
care homes

Long-term
care homes

Nursing homes

Casecontrol

Zenthöfer et al.
Cohort
2014 Germany [68]

Zenthöfer et al.
Cohort
2015 Germany [69]

Casecontrol

Controlled
trial

Warren 1997
USA [67]

Zenthöfer
et al. 2016a
Germany [70]

Zenthöfer
etl al. 2016b
Germany [71]

136

136

33

84.6 (8.1)

84.6 (8.1)

81.7 (9.0)

83.1 (10.6)

81.4 (7.3)

57

81.6 (6.9)

85.3 (4.8)

11 OD
52 OD

82.2 (4.7)

45 AD

84.8 (5.6)

16 VaD

Mean age
years (SD)

49 AD

Participants with
dementia (=N)

83

83

60

36

133

278

80.7 (9.8)

80.7 (9.8)

83.4(10.4)

82.6 (9.0)

80.3 (6.8)

81.4 (4.6)

Number of teeth with
SHULRGRQWDOSRFNHWVƊPP
presence of poor oral hygiene

Method to measure oral
hygiene and oral health

MMSE

MMSE

Chart

Chart

Gingival Bleeding Index,
Community Index of
Periodontal Treatment Needs

Gingival Bleeding Index,
Community Index of
Periodontal Treatment Needs

Gingival Bleeding Index,
CPITN, Plaque Control
Record by O’Leary,
mucosal pathology

Periodontitis, Gingival
Bleeding Index, CPITN,
Dental Hygiene Index, Plaque
Control Record by O’Leary

MMSE, Chart, 0RGLıFDWLRQRI*LQJLYDO,QGH[
NT, Scans
E\6LOQHVV /RHPRGLıFDWLRQ
of Debris Index by Greene
& Vermillion, mucosal
pathology, xerostomia

DSM-III-R,
DSM-IV,
McKeith

Controls Mean age Dementia
(=N)
years (SD) assessment

AD: Alzheimer Dementia, AMT: Abbreviated Mental Test, CDC/ AAP: Centre for Disease Control/ American Academy of Periodontology, CDR: Clinical Dementia
Rating, CPITN: Community Periodontal Index of Treatment Needs, CT: Computer Tomography, DSM: Diagnostic and Statistical Manual of Mental Disorders, ICD:
,QWHUQDWLRQDO&ODVVLıFDWLRQRI'LVHDVHVMcKeith: consensus criteria presented by McKeith, MMSE: Mini Mental State Examination, MRI: Magnetic Resonance
Imaging, NHR: Nursing Home residents, NINCD-ADRDA: National Institute of Neurological Disorders and Stroke Alzheimer’s Disease and Related Disorders
Association, NPT: Neuropsychological Testing, NT: Neurological Testing, OD: Other Dementia, PET: Positron Emission Tomography, VaD: Vascular Dementia

Nursing homes

Community

Crosssectional

Syrjala et al.
2012 Finland [66]

Living
environment

Design

Author(s),
year, country

Table 1: Continued
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CRITICAL APPRAISAL

The results of the critical appraisal with the Newcastle-Ottawa Scale are presented
in Supplementary tables 1a-c. The total scores of the 34 articles appraised with the
NOS ranged from 1 to 9, the mean score was 4.8 (SD 1.9) and the median was
5.0. Thirteen studies scored below and 12 studies scored above the median score.
Hereafter, the separate NOS categories will be discussed. The DSM or ICD was used
IRUWKHFODVVLıFDWLRQRIWKHGHPHQWLDGLDJQRVLVLQKDOIRIWKHVWXGLHV7KHFDVHVLH
older people with dementia, demonstrated good representativeness of the group of
older persons with dementia in 24 (=70.6%) of the 34 studies. The controls, i.e., older
people without dementia, came from other sources than the cases in 12 (=35.3%)
of the 34 studies. For respectively 16 (=47.1%) and 14 (=41.2%) of the studies, age
and gender were comparable between the groups with and without dementia. A
standardized structured dental examination by a dentist was done in 29 (=85.3%) of
the studies. The non-response rate was described in only 2 (=8.3%) of the 24 noncohort studies. The follow-up period was longer than three months in 9 out of 10
(=90.0%) cohort studies. The number of subjects lost to follow-up was described in
4 of 10 (=40.0%) of the cohort studies.
The results of the critical appraisal of the 2 (randomized) controlled trials with the
Delphi list are presented in Supplementary table 2.
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Supplementary Table 1a: Methodological quality assessment of the included cohort studies with the Newcastle Ottawa Scale
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Supplementary Table 1b: Methodological quality assessment of the included case-control studies with the Newcastle Ottawa Scale
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CHAPTER 3

ORAL HYGIENE AND ORAL HEALTH IN OLDER PEOPLE WITH DEMENTIA

INDIVIDUAL OUTCOME VARIABLES
Gingival and periodontal disease

Table 2 and 3 show gingival and periodontal disease in older people with dementia
in percentages and means. Gingival bleeding was absent in 0.0 to 9.4% of the
participants with dementia [41,64]. Consequently, most of the participants had gingival
EOHHGLQJRULQĲDPPDWLRQ>@0RUHVSHFLıFDOO\JLQJLYLWLVZDVSUHVHQWLQWR
38.9% [45,46,55], moderate periodontitis in 6.9 to 36.0%, and severe periodontitis in
11.9 to 24.5% of the participants with dementia [41,46,55,75]. The mean percentage
of the Gingival Bleeding Index was 46.0% in a study by De Souza Rolim [46] and
43.8 - 53.8% in the publications by Zenthöfer [68,70,76].
When examining studies that compared gingival and periodontal disease of
SDUWLFLSDQWVZLWKDQGZLWKRXWGHPHQWLDVWXGLHVVKRZHGQRVLJQLıFDQWGLĳHUHQFHV
>@DQGVWXGLHVVKRZHGVLJQLıFDQWO\PRUH VHYHUH SHULRGRQWDO
disease in older people with dementia [42,46,50,67,68,70]. De Souza Rolim et al.
UHSRUWHGVLJQLıFDQWO\PRUHSHULRGRQWDOLQIHFWLRQLQSDUWLFLSDQWVZLWKGHPHQWLD  
WKDQLQSDUWLFLSDQWVZLWKRXWGHPHQWLD  >@=HQWKąIHUHWDOIRXQGVLJQLıFDQWO\
more periodontitis in participants with dementia (100.0%) than in participants without
dementia (73.9%) [68]. Furthermore, the Community Periodontal Index of Treatment
1HHGV ZDV VLJQLıFDQWO\ KLJKHU LQ SDUWLFLSDQWV ZLWK GHPHQWLD   WKDQ ZLWKRXW
GHPHQWLD   >@ :KHQ VSHFLıFDOO\ ORRNLQJ DW QXUVLQJ KRPH UHVLGHQWV D
VLJQLıFDQWO\KLJKHUSHUFHQWDJHRISDUWLFLSDQWVZLWKGHPHQWLDKDGDKLJKDPRXQWRI
calculus, plaque or gingival bleeding (40.4%), when compared to people without
dementia (26.2%). A study by Warren et al. found that the Gingival Index was
VLJQLıFDQWO\ KLJKHU LQ SHRSOH ZLWK $O]KHLPHUŖV 'LVHDVH   WKDQ LQ SHRSOH ZLWKRXW
dementia (0.7), while people with dementia other than Alzheimer’s disease scored not
VLJQLıFDQWO\GLĳHUHQW  IURPSHRSOHZLWK$O]KHLPHUŖVGLVHDVHDQGSHRSOHZLWKRXW
dementia [67].
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3

80

59 MiD AD
79.8 (7.4)

21
88.0

&RKHQ0DQVıHOG
and Lipson 2002

0

59
79.8 (7.4)

76.1 (13.9)

82.6 (9.6)

Chu et al.
2014

199

501

Chen et al. 2013b

0

570
82.3

73.8 (10.7)

81.5 (9.2)

Chen et al. 2013a

372

119

Chen et al. 2010

Community 34.2%
Assisted 25.0%
NHR 40.5%

High calculus/ plaque/
gingival bleeding

Periodontal disease
Gingivitis

44.4%
38.9%

78.0%

40.4%

High calculus/ plaque/
gingival bleeding
Community Periodontal
,QGH[SRFNHWVƊPP

59.2% Overall**

Mild to moderate calculus/
plaque/ gingival bleeding

0.3%

Community 65.8%
Assisted 66.7%
NHR 59.2%

Small to medium calculus/
plaque/ gingival bleeding

No calculus/ plaque/
gingival bleeding

Community 0%
Assisted 8.3%
NHR 0.3%

31.3%

High calculus/ plaque/
gingival bleeding
No calculus/ plaque/
gingival bleeding

67.9%

0.9%

Dementia
Prevalence % (SD)

Mild to moderate calculus/
plaque/ gingival bleeding

No calculus/ plaque/
gingival bleeding

No dementia
Gingival health
Number of participants outcome measure
Mean age (SD)

Dementia
Number of
participants
Mean age (SD)

Study

-

74.0%

26.2%

73.8%

0.0%

-

-

-

13.3%

85.5%

1.2%

No Dementia
Prevalence % (SD)

Table 2: Prevalence (in percentages) of gingival and periodontal disease in older people with dementia, compared with older people without dementia
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29 Mild AD

De Souza Rolim
et al. 2014a/b

1606
85.0 (7.5)

133 MoD-SeD
80.0 (7.5)

105

59 MiD-MoD
77.6 (8.6)

Hoben et al. 2016

Gil-Montoya et
al. 2016a

Hopcraft et al. 2012

Ide et al.
2016

75.2 (6.7)

Dementia
Number of
participants
Mean age (SD)

Study

Table 2: Continued

0

170

324
79.8 (8.3)

1105
83.4 (10.5)

30
61.2 (11.2)

10.0%
10.0%
6.7%
26.7%
1.2%

50.6 (34.2)
35.0%
7.0%

-

31.0%
6.9%
20.7%
58.6%**
46.0% (30.0)
0.8%

67.5 (32.6)***
36.0%
13.5%

6.7%
13.6%
37.3%
25.4%
11.9%

3UHVHQFHRILQĲDPHG
swollen or bleeding
gums (RAI-MDS 2.0)
Bleeding Index by Ainamo
and Bay, mean % (SD)

Probing sites deeper
than 3mm
Bleeding on probing
Periodontitis according
to CDC/ AAP criteria:
-moderate periodontitis
-severe periodontitis

Periodontal pocket
depth 4mm+
Periodontal pocket
depth 6mm+

Gingival Bleeding
Index, mean % (SD)

Periodontal infection

Severe periodontitis

Moderate periodontitis

Gingivitis

No Dementia
Prevalence % (SD)

Dementia
Prevalence % (SD)

No dementia
Gingival health
Number of participants outcome measure
Mean age (SD)
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81

82
83
80.7 (9.8)

57
83.1 (10.6)

33
81.7 (9.0)

Zenthöfer et al. 2014

Zenthöfer et al. 2015

Zenthofer et al. 2016 a 136
84.6 (8.1)

SƉ SƉ

60
83.4 (10.4)

69
75.5 (7.0)

Srisilapanan
et al. 2013

Gingival Bleeding Index

Gingival Bleeding
Index, mean % (SD)

Periodontitis
Gingival Bleeding
Index, mean % (SD)

Community Periodontal
Index (CPI), highest score:
Normal
Bleeding
Calculus
Pocket depth 4-5mm
3RFNHWGHSWKƊPP

*LQJLYDOLQĲDPPDWLRQ 
of teeth with erythema):
Minimal (0-10%)
Light (20-40%)
Moderate (50-70%)
Heavy (80-100%)

53.8% (27.6)

52.1% (29.1)*

100.0%***
43.8% (23.7)

9.4%
1.9%
34.0%
30.2%
24.5%

13.0%
21.0%
56.5%
13.0%

Dementia
Prevalence % (SD)

48.8 (28.9)

38.1% (20.1)

73.9%
40.9% (25.1)

-

22.5%
36.3%
32.5%
6.8%

No Dementia
Prevalence % (SD)

SƉNHR: Nursing Home Residents, CDC/ AAP: Centre for Disease Control/ American Academy of Periodontology

36
82.6 (10.6)

0

102
84.3 (9.9)

84
85.7 (9.6)

Philip et al.
2012

No dementia
Gingival health
Number of participants outcome measure
Mean age (SD)

Dementia
Number of
participants
Mean age (SD)

Study

Table 2: Continued

CHAPTER 3

29 Mild AD

De Souza Rolim
et al. 2014a

10
77.7 (5.9)

49 AD
84.8 (5.6)

Sumi et al. 2012

Syrjala et al.2012

SƉ SƉ

1.2
AD 2.8 (3.3)

Periodontal pocket depth(in mm)
Gingival Index Loe-Silness (index score)
1XPEHURIWHHWKZLWKSHULRGRQWDOSRFNHWVƊPP

3.4 (0.5)***

3.3 (0.6)
3.1 (0.7)***

Community Periodontal Index of
Treatment Needs (index score)
Community Periodontal Index of
Treatment Needs (index score)

OD 0.9 (0.7)

AD 1.1 (0.8)*

OD 1.7 (1.5)

Community Periodontal Index of
Treatment Needs (index score)

0RGLıHGYHUVLRQRIWKH*LQJLYDO,QGH[
by Silness & Loe (index score)

MiD 1.4 mm (1.1) 1.5 mm (1.2)

Probing depth (in mm)

VaD 2.8 (3.8)

-

2.5 mm (0.4)

Clinical Attachment Level (in mm)

2.7 (0.6)

3.1 (0.6)

2.8 (0.6)

0.7 (0.6)

2.9 (3.8)

-

-

1.6 mm (0.7)
2.9 mm (1.3)

Probing Pocket Depth (in mm)

No
Dementia
Mean (SD)

Dementia
Mean (SD)

Gingival health outcome measure

SƉAD: Alzheimer’s Dementia, Mid: Mild Dementia, ND: No Dementia, OD: Other Dementia’s, VaD: Vascular Dementia

83
80.7 (9.8)

Zenthofer et al. 2016 a,b 136
84.6 (8.1)

36
82.6 (10.6)

133
80.3 (6.8)

60
83.4 (10.4)

83.1 (10.6)

57

52 OD
81.4 (7.3)

45 AD
81.6 (6.9)

11 OD
85.3 (4.8)

278
81.4 (4.6)

0

169
77.4 (5.8)

0

30
61.2 (11.2)

No dementia
Number of
participants
Mean age (SD)

33
81.7 (9.0)

Zenthöfer et al. 2015

Zenthöfer et al. 2014

Warren et al. 1997

19 MiD
83.9 (7.9)

Lee et al. 2013

16 VaD
82.2 (4.7)

59 MiD-MoD
77.6 (8.6)

Ide et al. 2016

75.2 (6.7)

Dementia
Number of
participants
Mean age (SD)

Study

Table 3: Indices (in means) of gingival and periodontal disease of older people with dementia, compared with older people without dementia
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Oral hygiene and assistance need

Table 4 and 5 show the oral hygiene measures in percentages and means in older
people with dementia, compared with older people without dementia. Studies
including the Plaque Index by O’Leary found a mean percentage of 63.4 to 90.1%
in participants with dementia [46,60,68,76]. Studies using the indices by Greene &
Vermillion found a Debris Index of 2.1, a Calculus Index of 2.0, and an Oral Hygiene
Index of 4.5 in participants with dementia [36,49,61]. The Plaque Index by Silness &
Loe was 0.7 in a study by Chalmers et al. and 2.5 in a study by Gil Montoya et al.
>@6XPLHWDOUHSRUWHGD3ODTXH,QGH[E\4XLJOH\ +HLQ PRGLıHGE\7XUHVN\ 
of 1.6 in people with dementia [65].
When examining studies that compared oral hygiene in participants with and without
GHPHQWLDVWXGLHVIRXQGQRVLJQLıFDQWGLĳHUHQFHV>
@DQGVWXGLHVIRXQGVLJQLıFDQWO\PRUHSODTXHLQSHRSOHZLWKGHPHQWLD>
61, 67, 68]. Elsig et al. reported 100.0% visible plaque in participants with dementia
DQG  LQ WKRVH ZLWKRXW GHPHQWLD >@ )XUWKHUPRUH D VLJQLıFDQWO\ KLJKHU
O’Leary Plaque Index was found in participants with dementia (90.1%), compared
WRSDUWLFLSDQWVZLWKRXWGHPHQWLD  >@,QDGGLWLRQDVLJQLıFDQWO\KLJKHU2UDO
Hygiene Index by Greene & Vermillion was found in participants with dementia (4.5)
WKDQLQSDUWLFLSDQWVZLWKRXWGHPHQWLD  >@$UHFHQWVWXG\IRXQGVLJQLıFDQWO\PRUH
plaque with the Plaque Index of Silness & Loe in cases (2.5) than controls (1.6) [50].
Warren examined the Debris Index for dementia subtypes and severities and found
QR VLJQLıFDQW GLĳHUHQFHV EHWZHHQ GHPHQWLD VXEW\SHV DQG FRQWUROV EXW IRXQG D
VLJQLıFDQWO\ KLJKHU 'HEULV ,QGH[ LQ SHRSOH ZLWK PRGHUDWH WR VHYHUH GHPHQWLD
compared to people without dementia [67].
Studies about assistance need for oral care (Supplementary Table 3) reported a
need of 21% and higher for both cleaning teeth and dentures in participants with
GHPHQWLD>@&KDOPHUVHWDOUHSRUWHGDVLJQLıFDQWO\KLJKHU
need for assistance with oral hygiene care with an increasing severity of cognitive
impairment [72]. In this study, the assistance need was 57.2% for cleaning teeth
and 97.3% for cleaning dentures in people with moderate dementia, and 100.0% for
cleaning teeth as well as dentures in people with severe dementia [72]. In all except
1 of 7 the comparing studies the assistance need for oral care or cleaning teeth and
GHQWXUHV 6XSSOHPHQWDU\7DEOH ZDVVLJQLıFDQWO\KLJKHULQSHRSOHZLWKGHPHQWLD
than in those without [41, 42, 60, 72, 75].
84

Dementia
Number of
participants
Mean age (SD)

85 AD
74.9

29 Mild AD
75.2 (6.7)

29
82.5 (6.3)

31 AD
67.6 (9.1)

1606
85.0 (7.5)

103
80.8 (7.5)

105

59 MiD-MoD
77.6
(8.6)

27
76.5 (6.8)

84
85.7 (9.6)

Study

Chapman et al. 1991

De Souza Rolim
et al. 2014 a,b

Elsig et al. 2013

Hatipoglu et al. 2011

Hoben et al. 2016

Hoeksema et al. 2016

Hopcraft et al. 2012

Ide et al. 2016

Kossioni et al. 2012

Philip et al. 2012

102
84.3 (9.9)

-

0

170

49 somatic
78.1 (7.9)

1105
83.4 (10.5)

47
65.3 (7.0)

22
81.9 (6.5)

30
61.2 (11.2)

-

36.0%
19.1%
31.9%
48.9%

100.0%**
3.2%
29.0%
67.7%
9.8%
72.8%
26.3%
43.4%
30.3%
89.0% (12.5)
19.9% (11.8)
69.1% (20.6)
80.0%
63.4% (35.7)

Presence of visible dental plaque
Good oral hygiene
Fair oral hygiene
Poor oral hygiene
Presence of debris (RAI-MDS 2.0)
Poor oral hygiene (Mombelli
score 2 or 3)
thin band of visual plaque
<1/3 tooth with visual plaque
>1/3 tooth with visual plaque
Detectable plaque:
-without a dental probe
-with a dental probe
Presence of plaque or calculus
Plaque Index by O’Leary,
mean % (SD)

54.5 (35.7)

-

-

36.5%
38.4%
25.2%

77.6%

11.4%

-

73.6% (5.7)

Plaque Index by O’Leary,
mean % (SD)

No dementia
Prevalence % (SD)

-

Dementia
Prevalence
% (SD)

Soft deposits
70.0%
Hard deposits
60.0%
Unsatisfactory level of oral hygiene 90.0%

No dementia
Oral hygiene outcome
Number of participants measure
Mean age (SD)

Table 4: Oral hygiene measures (in percentages) of older people with dementia, compared with older people without dementia
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85

86

57
83.1 (10.6)

33
81.7 (9.0)

Zenthöfer et al. 2014

Zenthöfer et al. 2015

60
83.4 (10.4)

36
82.6 (10.6)

278
81.4 (4.6)

Plaque Control Record by
O’Leary, mean % (SD)

Plaque Control Record by
O’Leary, mean % (SD)

Presence of poor oral hygiene

No dementia
Oral hygiene outcome
Number of participants measure
Mean age (SD)

Dementia
Number of
participants
Mean age (SD)

81 MoD-SeD
80.8 (7.6)

116
<79y: 91
80+y: 25

133 MoD-SeD
80.0 (7.5)

Study

Adam et al. 2006

Chalmers et
al. 2003

Gil-Montoya
et al. 2016

324
79.8 (8.3)

116
<79y: 91
80+y: 25

54 ND- MiD
85.5 (7.6)

No dementia
Number of
participants
Mean age (SD)

Plaque Index by Silness & Loe

2.5 (0.6)***

0.7 (mv)

MoD/SeD 2.0 (0.8)

Calculus Index by Greene & Vermillion
Plaque Index by Silness & Loe

MoD/SeD 2.1 (0.7)

Dementia
Mean (SD)

89.3% (12.6)

90.1% (13.1)**

AD 77.8%
VaD 60.0%
OD 66.7%

Dementia
Prevalence
% (SD)

Debris Index by Greene & Vermillion

Oral hygiene outcome measure

Table 5: Oral hygiene indices (in means) of older people with dementia compared with older people without dementia

SƉAD: Alzheimer’s Dementia, OD: Other Dementia’s, VaD: Vascular Dementia

49 AD 84.8 (5.6)
16 VaD 82.2 (4.7)
11 OD 85.3 (4.8)

Syrjala et al. 2012

SƉ SƉ

Dementia
Number of
participants
Mean age (SD)

Study

Table 4: Continued

1.6 (0.9)

0.6 (mv)

ND/ MiD
1.3 (0.6)

ND/ MiD
1.3 (0.6)

No dementia
Mean (SD)

80.3% (23.0)

73.3% (25.1)

36.6%

No dementia
Prevalence % (SD)
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103
80.8 (7.5)

19
83.9 (7.9)

30
79.1 (5.6)

10
77.7 (5.9)

Hoeksema
et al. 2016

Lee et al. 2013

Ribeiro et al. 2012

Sumi et al. 2012

133
80.3 (6.8)

0

30
67.8 (5.5)

169
77.4 (5.8)

49 somatic
78.1 (7.9)

No dementia
Number of
participants
Mean age (SD)

0RGLıFDWLRQRIWKH'HEULV,QGH[
by Greene & Vermillion

Plaque Index by Quigley- Hein
PRGLıHGE\7XUHVN\

Oral Hygiene Index by
Greene & Vermillion

3ODTXH,QGH[ XQVSHFLıHG

Visual plaque score Mombelli

Oral hygiene outcome measure

No dementia
Mean (SD)

2.3 (0.9)
0.5 (0.6)
2.2 (0.3-8.0)
0.8 (0.6)

Dementia
Mean (SD)

2.1 (0.9)
MiD 0.9 (0.7)
4.5 (1.7-10.0)**
1.6
AD 1.0 (0.8)
OD 1.0 (0.8)
MiD 1.0 (0.7)
MoD-SeD 1.1 (0.9)*

SƉ SƉ SƉAD: Alzheimer’s Dementia, MiD: Mild Dementia, MoD: Moderate Dementia, ND: No Dementia, OD: Other Dementia’s, SeD: Severe
Dementia, VaD: Vascular Dementia

Warren et al. 1997 45 AD 81.6 (6.9)
52 OD 81.4 (7.3)

Dementia
Number of
participants
Mean age (SD)

Study

Table 5: Continued
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88

SƉ SƉ

Oral care

Oral care

Cleaning teeth; some
Cleaning teeth; total

Daily oral health
FDUHE\VWDĳ

Oral care

50.7%

60.3%*

35.7%***
21.4%

94.4%

56.5%*

25.0%**
24.1%**

MiD: 66.7%
MoD: 57.2% Overall**
SeD: 100.0%

Cleaning teeth

Cleaning dentures
Cleaning teeth

MiD: 88.3%
MoD: 97.3% Overall**
SeD: 100.0%

Dementia
Prevalence %

Cleaning dentures

Assistance need

-

37.3%

14.7%
11.3%

92.7%

8.8%*

0.0%
0.0%

11.1%

73.4%

No dementia
Prevalence %

SƉCI: Cognitive Impairment, MiD: Mild Dementia, MMSE: Mini-Mental State Examination, MoD: Moderate Dementia, SeD: Severe Dementia

0

69
75.5 (7.0)

Srisilapanan
et al. 2013

1105
83.4 (10.5)

102
84.3 (9.9)

1606
85.0 (7.5)

Hoben et al. 2016

138

84
85.7 (9.6)

46

Chen et al.
2013a and
Chen et al. 2013c

113
<79y: 88
80+y: 25

Philip et al. 2012

103
<79y: 82
80+y: 21

Chalmers et
al. 2003

21

170

MiD 21
MoD 50
SeD 132

Chalmers et
al. 2002

No dementia
Number of
participants
Mean age (SD)

Hopcraft et al. 2012 105

Dementia
Number of
participants
Mean age (SD)

Study

Supplementary Table 3: Assistance need for oral hygiene care of older people with dementia, compared with older people without dementia
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Oral pathology and oral dryness

Candidiasis (Supplementary Table 4) was present in 3.6 to 30.0% of the cases,
i.e., older people with dementia, and 0.0 to 5.0% of the controls, i.e., older people
without dementia [44, 46, 47, 58]. The study by De Souza Rolim et al. (2014) found
VLJQLıFDQWO\PRUHFDQGLGLDVLVLQFDVHVWKDQLQFRQWUROV6WRPDWLWLVZDVSUHVHQWLQ
to 59.1% of the cases and 0.0 to 7.4% of the controls [38, 52, 56]. The only study
WKDWFRPSDUHGVWRPDWLWLVLQFDVHVDQGFRQWUROVIRXQGVLJQLıFDQWO\PRUHVWRPDWLWLV
in cases than in controls [52].
Xerostomia (Supplementary Table 4), i.e., a subjective feeling of a dry mouth, was
present in 9.1 to 45.0% of the cases and 8.4 to 20.0% of the controls [57, 58, 67].
:DUUHQHWDOIRXQGVLJQLıFDQWO\PRUH[HURVWRPLDLQSHRSOHZLWKGHPHQWLDVXEW\SHV
other than Alzheimer’s disease (22.0%) than in people without dementia (8.4%) in their
clinician assessment of xerostomia. In addition, xerostomia was found in 9.1% of the
SHRSOHZLWK$O]KHLPHUŖV'LVHDVHLQWKLVVWXG\>@$UHFHQWVWXG\IRXQGVLJQLıFDQWO\
more drug-induced xerostomia in cases (68.5-72.2%) than in controls (36.5%) [51].
,QDGGLWLRQYDULRXVVWXGLHVLQGLFDWHGWKDWSHRSOHZLWKRXWGHPHQWLDKDYHVLJQLıFDQWO\
PRUHXQVWLPXODWHGVDOLYDU\ĲRZ 6XSSOHPHQWDU\7DEOH WKDQSHRSOHZLWKGHPHQWLD
[39, 44, 58]. One study indicated that people without dementia have more stimulated
VXEPDQGLEXODU ĲRZ WKDQ $O]KHLPHUŖV 'LVHDVH >@ 7KH VWXG\ RI /HDO HW DO  
VKRZHG WKH EXĳHULQJ FDSDFLW\ LV KLJKHU LQ SHRSOH ZLWKRXW GHPHQWLD DQG ZLWKRXW
medication than in people with dementia and medication [58].
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90

59 Mild AD
79.8 (7.4)

29 Mild AD
75.2 (6.7)

73 MiD 76.4 (7.5)
66 MoD 77.6 (7.3)
36 SeD 80.4 (6.5)

31 AD
67.6 (9.1)

27
76.5 (6.8)

23

Chu et al. 2014

De Souza Rolim
et al. 2014a&b

Gil-Montoya et
al. 2016b

Hatipoglu et al. 2011

Kossioni et al. 2012

Kossioni et al. 2013

Leal et al. 2010

116

Chalmers et al. 2003

20 MiD with Medication
69.6 (5.9)

76.3 (7.1)

Dementia
Number of participants
Mean age (SD)

Study

20 without medication
68.3 (8.3)

0

0

47
65.3 (7.0)

156
77.4 (6.9)

30
61.2 (11.2)

59
79.8 (7.4)

116

26.1%
13.0%

Dysgeusia
Oral malodor

70.0%*
40.0%*
30.0%
5.0%
30.0%
45.0%*

8.7%

Burning mouth

Dry and cracked lips
Fissured tongue
Candidiasis
Ulcerated mucosa
Burning mouth
Dry Mouth

0.0%

34.8%

26.0%

59.1%***
18.1%***

MiD 68.5%
MoD 68.5%
Overall***
SeD 72.2%

10.3%**

3.6%
1.8%

Sialorrhea

Xerostomia

Stomatitis

Stomatitis Maxilla
Stomatitis Mandibula

Drug-induced xerostomia

Candidiasis

Candidiasis
Lichen planus

28.6%
5.8%

Denture stomatitis maxilla
Angular cheilitis

No dementia
Oral mucosal outcome measure Dementia
Number of participants
Prevalence %
Mean age (SD)

Supplementary Table 4: The oral mucosal status of older people with dementia, compared with older people without dementia

30.0%
20.0%
5.0%
5.0%
0.0%
20.0%

-

-

-

-

-

-

7.4%
0.0%

36.5%

0.0%

3.6%
0.0%

-

-

No dementia
Prevalence %

CHAPTER 3

AD 9.1%
OD 22.0%*
AD 20.4%
OD 20.4%

Xerostomia
Soft tissue pathology

SƉAD: Alzheimer’s disease, MiD: Mild Dementia, OD: Other dementia’s

133
80.3 (6.8)

No dementia
Oral mucosal outcome measure Dementia
Number of participants
Prevalence %
Mean age (SD)

20 MiD with
medication
69.6 (5.9)

28 AD
68.0 (10.0)

Leal et al. 2010

Ship et al. 1990

35
70.0 (10.0)

20 without
medication
68.3 (8.3)

59
79.8 (7.4)

No dementia
Number of
participants
Mean age (SD)

0.90 (0.67)
0.73 (0.35)**
0.17 (0.05)***
6.95 (0.42)

0.69 (0.39)
0.17 (0.17)
0.02 (0.00)
6.71 (0.55)
0.04 (0.00)
0.16 (0.03)
0.06 (0.01)
0.46 (0.06)

Stimulated (ml/min)
Unstimulated (ml/min)
%XĳHULQJFDSDFLW\
pH
Submandibular Unstimulated (ml/min/gland), mean (SEM)
Submandibular Stimulated (ml/min/gland), mean (SEM)
Parotid Unstimulated (ml/min/gland), mean (SEM)
Parotid Stimulated (ml/min/gland), mean (SEM)

0.09 (0.01)***
0.30 (0.03)***
0.10 (0.02)
0.54 (0.05)

0.41 (0.28)*

0.30 (0.17)

Unstimulated (ml/min)

No
dementia
Mean (SD)

16.8%

8.4%

No dementia
Prevalence %

Dementia
Mean (SD)

:HSP]HY`ÅV^

SƉAD: Alzheimer’s Dementia, MiD: Mild Dementia, OD: Other Dementia’s

59
79.8 (7.4)

Chu et al. 2014

SƉ SƉ

Dementia
Number of
participants
Mean age (SD)

Study

Supplementary Table 56DOLYDU\ĲRZLQROGHUSHRSOHZLWKGHPHQWLDFRPSDUHGZLWKROGHUSHRSOHZLWKRXWGHPHQWLD

SƉ SƉ

45 AD
81.6 (6.9)

Warren et al. 1997

52 OD
81.4 (7.3)

Dementia
Number of participants
Mean age (SD)

Study

Supplementary Table 4: Continued
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DISCUSSION

The main aim of this study was to provide a comprehensive overview with critical
appraisal of studies concerning the health of oral soft tissues and oral hygiene in older
people with dementia. The additional aim was to compare oral health of older people
with and without dementia. The studies included in this review suggest that older
people with dementia have much plaque and many oral health problems related to
oral soft tissues, such as gingival bleeding, periodontal pockets, stomatitis, mucosal
OHVLRQVDQGUHGXFHGVDOLYDU\ĲRZ
While oral health in people with dementia is poor [42, 66, 68], the subtype of dementia
e.g. Alzheimer’s Disease, vascular dementia, does not seem to be an essential
determinant of oral health [38, 66, 67]. However, the severity of cognitive decline
does seem to play a role in the oral health of older people with dementia, with more
plaque and oral disease in people with more cognitive decline [36, 38, 66, 67, 72]. An
H[FHSWLRQWRWKLVıQGLQJLVWKHVWXG\RI6ULVLODSDQDQHWDO>@ZKLFKZDVH[SODLQHGE\
the fact that people visiting the memory clinic in this study also got dental treatment
with every visit. The people included in this study had better access to oral care,
compared to the general population. In addition, living environment e.g. nursing home,
community, might play a role in the oral health of older people with dementia [61,
@6RPHVWXGLHVIRXQGQRVLJQLıFDQWGLĳHUHQFHVEHWZHHQOLYLQJHQYLURQPHQWVEXW
a poor oral health in people with dementia, regardless of residency [61, 72]. Some
studies found more problems in nursing home residents compared to community
living elderly [40, 60]. This can be explained by a higher degree of cognitive and
functional impairment in the nursing home population [41].
The deterioration of cognitive functions, such as executive functioning, working
memory, attention, and apraxia, complicates the ability to perform oral care in people
with dementia [42], which results in more plaque [60, 68]. Furthermore, functional
changes in dementia, like declined hand grip strength and motor skills, can complicate
oral care [52, 61]. Dental plaque is the primary cause of gingivitis and subsequently
periodontitis [77]. Therefore, with a high amount of plaque in older people with
dementia in the evaluated articles, a high amount of gingivitis and periodontitis
could be expected. Periodontitis has been associated with multiple systemic health
conditions (mainly diabetes mellitus type 2 and cardiovascular disease) [4]. Therefore,
treatment of periodontitis is important to reduce systemic health risks.
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Recently, the association between oral health and cognitive decline was systematically
reviewed. The authors concluded that the association was still unclear [18, 19].
Within the included papers, salivary function appeared to be intact in the healthy
aging sample. However, objective (hyposalivation) or subjective (xerostomia) dry
mouth is more likely to be present in older people with medication use, history of
radiotherapy in the head and neck region, and autoimmune disease, such as Sjögren
V\QGURPH>@,QDGGLWLRQSHRSOHZLWK$O]KHLPHUŖVGLVHDVHKDYHVLJQLıFDQWO\
ORZHU VWLPXODWHG VXEPDQGLEXODU DQG XQVWLPXODWHG VDOLYDU\ ĲRZ UDWH >  @
This might be explained by neuropathological changes characteristic for Alzheimer’s
Disease, leading to changes in the autonomic nervous system [39, 44].
CRITICAL APPRAISAL

The NOS comprises 5 categories concerning a control group, which means studies
without control group consequently receive a lower score. Six of the 14 included
studies with cross-sectional design did not have a control group and therefore had
a NOS score below the median score of 5. Consequently, for the studies without a
control group, it was not possible to compare older people with and without dementia.
Furthermore, most of the included studies did not describe the non-response rate and
consequently lacked a point on the NOS for this category. An issue worth mentioning,
is that for the data-extraction of this review only baseline data was used, while the
NOS also includes 2 items concerning follow-up studies for cohort studies. These 2
follow-up items in the 10 included cohort studies are not relevant for this review, but
might be of interest for further appraisal of the studies.
STRENGTHS AND LIMITATIONS

The main strengths of this review are: the critical appraisal of the articles, the
summary tables of the dementia and oral health variables, and the involvement of a
multidisciplinary team. Concerning the critical appraisal, most studies demonstrated
good representativeness of older people with dementia, and almost all included studies
followed a standardized structured dental examination by a dentist. The involvement of
the multidisciplinary team critically evaluated the dental, neuropsychological, medical,
ethical, and methodological aspects of this study.
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Limitations of this review are: the included studies used a broad range of outcome
measures, most studies had a cross-sectional design, and the number of studies with
a NOS score below 5 was considerable. However, if these studies would have been
excluded, the tendency of the results for the group of older people with dementia
would have remained the same. It was therefore decided to keep the studies with
a NOS score below 5 in the overview of the results. In addition, the methodological
and clinical heterogeneity between the studies was considered too large to perform
a meta-analysis. Furthermore, many of the included studies did not use a formal
dementia diagnosis or diagnostic instruments, but screening instruments for cognition.
In these studies, it might be more appropriate to address to the participants as people
with cognitive impairment instead of people with dementia. In addition, the nonresponse rate was rarely described, which complicates the assessment of potential
selection-bias
IMPLICATIONS AND CLINICAL SUGGESTIONS

In order to improve the oral health of older people with dementia, oral health
assessment tools, oral hygiene care strategies, and guidelines should be used [7983]. To maintain good oral health, daily removal of dental plaque by brushing the
teeth is essential [84]. Therefore, oral hygiene care for dependent people should be
in the daily activities of care [81, 85] and oral health care education might improve the
knowledge and attitude of caretakers [86]. Although providing oral care and dental
treatment can be complicated by challenging behavior, strategies that approach it
as threat perception might help the well-being of people with dementia [87]. Regular
assessment of the oral health should take place by caretakers, as well as dentists [81].
An oral health assessment tool can be used to identify risk factors and should consist
of intra-oral examination, observation of behavior, and (if possible) an evaluation of the
client perception of treatment need [82, 88]. For oral care, treatment planning, and
behavioral management for people with dementia, the level of cognitive impairment
and cooperation of the patient, as well as the input from the multi-disciplinary team
of health care professionals, and formal and informal caretakers should be taken into
account [17, 89].
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FUTURE RESEARCH

For future research, it is suggested to use a formal diagnosis for dementia [90].
If neuropsychological testing is no longer possible, a short cognitive screening
instrument, such as the Mini Mental State Examination (MMSE), can be used to
get an impression of the level of cognitive functioning [91]. However, a low score on
the MMSE is only an indication of cognitive impairment and does not replace the
diagnostic examination required for a dementia diagnosis [92].
For the oral health assessment in older people with dementia, an international,
standardized method can be useful. Although the manual WHO Oral Health Survey
Basic Methods provides no information on assessing the oral health status of older
people with dementia [93], guidelines for oral health care for institutionalized older
people do exist [81, 82, 94].
CONCLUSION

The studies included in the current systematic review suggest that older people with
dementia have high levels of plaque and many oral health problems related to oral soft
tissues, such as gingival bleeding, periodontal pockets, stomatitis, mucosal lesions,
DQGUHGXFHGVDOLYDU\ĲRZ
The oral hygiene and oral health of older people with dementia should be improved.
This could be achieved by oral care education of formal and informal caregivers, the
use of oral health screening tools, and regular professional dental care for people
with dementia.
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ABSTRACT
Background: Pain is a common problem in people with dementia, however the exact

prevalence of pain in dementia subtypes, e.g. Alzheimer’s Disease (AD), Vascular
Dementia (VaD), Frontotemporal Dementia (FTD) and dementia with Lewy Bodies
'/%  LV XQNQRZQ DV LV WKH UHODWLRQ EHWZHHQ SDLQ DQG WKH GLĳHUHQW VXEW\SHV RI
dementia. In this study, the prevalence of pain in people with dementia will be
investigated per dementia subtype and the relationship between the various subtypes
RIGHPHQWLDDQGWKHSUHVHQFHRIVSHFLıFW\SHVRISDLQ LHPXVFXORVNHOHWDOSDLQ
neuropathic pain and orofacial pain) will be examined. Secondly, associations between
various types of pain, cognitive functioning, neuropsychiatric symptoms and quality of
life in people with dementia will be examined. A third purpose is to study the value of
the assessment of autonomic responses in assessing pain in people with dementia.
)LQDOO\WKHHĳHFWRIIHHGEDFNWRWKHDWWHQGLQJSK\VLFLDQRQWKHSUHVHQFHRISDLQ
based on examination by investigators with backgrounds in neuropsychology, geriatric
dentistry and elderly care medicine, will be evaluated.
Methods/Design: A cross-sectional, partially longitudinal observational study in 400
participants with dementia, aged 60 years and older. Participants will be recruited
from an outpatient memory clinic and dementia special care units. All participants
will be examined by an elderly care medicine trainee, a dentist with experience
in geriatric dentistry, and a neuropsychologist. The primary outcome is presence
of pain. Secondary outcomes will include oral health, autonomic responses to
pain stimulus, vital sensibility and gnostic sensibility, musculoskeletal examination,
cognitive functioning, neuropsychiatric symptoms, and quality of life.
Discussion: This study will help to enhance our knowledge regarding the prevalence

RIGLĳHUHQWW\SHVRISDLQLQGLĳHUHQWGHPHQWLDVXEW\SHVLH$'9D')7'DQG'/%
This study also aims to contribute to a better understanding of oral health status in
people with dementia, the use of autonomic responses in the assessment of pain in
people with dementia and the relationships between pain and cognitive symptoms,
neuropsychiatric symptoms and quality of life in people with various dementia
VXEW\SHVDQGLQGLĳHUHQWVWDJHVRIWKHGLVHDVH
Keywords: Aged, Alzheimer’s disease, Frontotemporal dementia, Vascular

dementia, Dementia with Lewy Bodies, Pain, Orofacial pain, Autonomic responses,
Neuropsychiatric symptoms, Quality of life
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BACKGROUND

Pain is a common problem in people with dementia. The prevalence of pain in people
with dementia is high [1-4]; there is good agreement in both large and small studies
that about 50% of the people with dementia regularly experience pain [5]. This is not
surprising, considering that advanced age is an important risk factor for developing
dementia, as well as for pain [6,7].
Pain in dementia is associated with occurrence of neuropsychiatric symptoms [8,9],
and also with a decline in cognitive functioning, as well as in performance of Activities
of Daily Living (ADL) [10]. Next to neuropsychiatric symptoms, pain is the most cited
reason for a decrease in quality of life in dementia [11]. Therefore, recognition and
adequate treatment of pain in people with dementia should have high priority.
$OWKRXJK NQRZOHGJH DERXW WKH GLĳHUHQFHV LQ SDLQ SUHYDOHQFH EHWZHHQ GHPHQWLD
VXEW\SHV LV VFDUFH LW LV VXJJHVWHG WKDW GLĳHUHQFHV LQ QHXURSDWKRORJ\ EHWZHHQ
dementia subtypes could be of vital importance in the treatment of pain [12]. Results
IURPSUHYLRXVVPDOOVWXGLHVVKRZHGWKDWVSHFLıFQHXURSDWKRORJLFDOFKDQJHVPD\
DĳHFWSDLQH[SHULHQFHDQGSDLQSHUFHSWLRQGLĳHUHQWO\LQWKHIRXUFRPPRQHVWGHPHQWLD
subtypes [12], i.e., Alzheimer’s Disease (AD), Vascular Dementia (VaD), Dementia
with Lewy Bodies (DLB), and frontotemporal dementia (FTD). It is suggested that
with a preponderance of white matter lesions, pain experience in VaD may increase
compared to other dementia subtypes [12], while in AD and FTD it is hypothesized
that neuropathological changes like gray matter atrophy lead to an increase in pain
tolerance [13-15].
&XUUHQWNQRZOHGJHDERXWWKHSUHYDOHQFHRIVSHFLıFW\SHVRISDLQHJPXVFXORVNHOHWDO
pain or neuropathic pain, and causes of pain in people with dementia is limited.
Nociceptive pain of musculoskeletal origin is considered the most prevalent pain
type, but orofacial pain and neuropathic pain are also likely to have considerable
prevalence rates [16,17]. For example, orofacial pain is one of the most prevalent types
of pain in older people, and has hardly been studied in people with dementia [17,18].
$VVHVVPHQWRIWKHVSHFLıFW\SHRISDLQDQGFODVVLI\LQJLWVSUREDEOHFDXVHVZRXOG
be useful as a complement for the assessment of pain in people with dementia, and
would provide a sound basis for appropriate pain treatment when combined with
dementia subtyping in people with dementia.
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An important problem encountered in the assessment of pain in patients with
dementia, especially in more advanced stages, is that assessment often is based
on observation and interpretation of behavior, for which the validity is unequivocally
established [5,19,20]. More objective methods for assessing pain in a more indirect
way in this population are therefore warranted. Assessing autonomic responses to
pain might be such a method [16,21].
Considering the limited number of studies on pain in each subtype of dementia, and
WKHDEVHQFHRIVWXGLHVRQW\SHRISDLQLQGHPHQWLDVXEW\SHVDQGLQGLĳHUHQWVWDJHV
of dementia, we developed a unique multidisciplinary approach. Investigators with
backgrounds in neuropsychology, geriatric dentistry, elderly care medicine, and pain
medicine will study in close cooperation the presence and type of pain, in various
stages of the four main subtypes of dementia (AD, VaD, FTD and DLB). In a subset
of patients we will explore the feasibility of measuring autonomic responses as a tool
to assess the presence of pain.
RESEARCH AIMS

The primary aim of this study is to investigate the prevalence and intensity of pain
(subtypes) in the four main dementia subtypes and to examine the relationship
EHWZHHQ WKH GLĳHUHQW W\SHV RI SDLQ DQG WKH GLĳHUHQW GHPHQWLD VXEW\SHV LH $'
VaD, FTD and DLB.
Secondary aims are:
• to examine the associations between neuropsychiatric symptoms and pain,
TXDOLW\RIOLIHDQGSDLQDQGFRJQLWLYHIXQFWLRQDQGSDLQIRUDOOGLĳHUHQWGHPHQWLD
subtypes;
• to explore whether autonomic responses can be used for assessing pain in
patients with more advanced stages of dementia;
• to test the psychometric properties of the newly developed Orofacial Pain Scale
for Non Verbal Individuals (OPS-NVI).
• to examine the oral health of older adults with dementia.
• HYDOXDWH WKH HĳHFW RI SURYLGLQJ IHHGEDFN RQ WKH SUHVHQFH RI SDLQ LQFOXGLQJ
treatment advice), to the attending physician and/or dentist.
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METHODS/DESIGN
STUDY DESIGN

This protocol describes an observational, cross-sectional and partly longitudinal
cohort study. Measurements take place at baseline, and for the people with pain at
baseline, a follow-up pain measurement takes place after 3 months.
RECRUITMENT

To ensure this study population covers the broad range of the elderly population with
GHPHQWLDSDUWLFLSDQWVZLOOEHUHFUXLWHGLQGLĳHUHQWVWDJHVRIGHPHQWLD3DUWLFLSDQWV
with mild to moderate dementia, will be recruited at the outpatient memory clinic of
the Center of Geriatric Medicine Amsterdam (COGA), VU University medical center.
Participants with moderate to severe dementia will be recruited from Amstelring, a
health organization delivering specialized care to residents with dementia in 17 nursing
homes covering a large area in the northwestern part of the Netherlands, including
Amsterdam.
INCLUSION CRITERIA

Participants who meet the following criteria will be included: aged 60 or older,
diagnosis of dementia, i.e. AD, VaD, FTD, or DLB, and a signed informed consent by
the participant or legal representative.
EXCLUSION CRITERIA

Primarily mentally disabled persons who subsequently develop dementia, e.g. people
with Down’s syndrome and AD, will be excluded. Persons who indicate either verbally
or non-verbally, that they do not wish to participate will be excluded as well, despite
of given consent by a legal representative.
ETHICAL APPROVAL AND INFORMED CONSENT

The study protocol has been approved by an accredited Medical Ethics Review
Committee (VU University Medical Center; NL.43861.029.13).
Informed consent will be obtained of all participants. For participants unable to give
consent, the legal representative will be asked to sign an informed consent form.
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MEASUREMENT INSTRUMENTS

Variables measured in this study (primary outcome measures, secondary outcome
measures, demographic, and control variables) are summarized in Table 1. These
will be assessed by using a combination of self-report instruments and observational
instruments, which are completed by caretaker or by a contact nurse.
Table 1: Measurement instruments
Instrument

Source

Time (in T0 memory
minutes) clinic

T0 nursing T1
home
nursing
home

Rey Auditory Verbal Learning
Test (15 Word Test)

1

15

*

Amsterdam Dementia Screening
Test -Meander (ADS-6)

1

5

*

Behavioural Assessment of
the Dysexecutive Syndrome
(BADS) – Rule Shift Cards

1

5-10

*

Brief Pain Inventory (BPI)

1

5

*

Dementia Quality of Life (DQoL)

1,2

5

*

Faces Pain Scale – Revised (FPS-R)

1

3

*

Global Deterioration Scale (GDS)

3

1

Mini Mental State Exam (MMSE)

1

10

Mobilization Observation
Behaviour Intensity Dementia-2
(MOBID-2) Pain Scale

3

5

*

Neuropsychiatric InventoryNursing Home (NPI-NH)

3

15

*

Neuropsychiatric InventoryQuestionnaire (NPI-Q)

2

5

*

Numeric Rating Scale (NRS)

1

2

*

*

*

Orofacial Pain Scale for Non
Verbal Individuals (OPS-NVI)

3

10

*

*

*

Oral Examination

1

20

*

*

Pain Assessment IN Advanced
Dementia (PAINAD)

3

Quantitative Sensory Testing (QST)

1

15

*

*

Qualidem

3

10

*

Revised Index for Social
Engagement (RISE)

3

5

*

*

*

*

*

*

Katz-ADL
*

Rey Complex Figure Test (RCFT)

1

5-10

*

Stroop Color-Word Test

1

5

*

Structured physical examination

1,3

15

*

Trail Making Test (TMT)

1

5

*
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Table 1: Continued
Instrument

Source

Time (in T0 memory
minutes) clinic

T0 nursing T1
home
nursing
home

Verbal Descriptor Scale (VDS)

1

2

*

*

Verbal Fluency Test (VFT) - Animals

1

3-10

*

Visual Association Test (VAT)

1

VU University- Ambulatory
Monitoring System (VU-AMS)

1

*

*
10

*

*

1 = Patient, 2 = Caretaker, 3 = Health professionals, T0 = baseline, T1 = after 3 months.

PRIMARY OUTCOMES

The primary outcome will be: the presence and intensity of pain in dementia subtypes.
Pain will be assessed, using a combination of methods concurrently.
In participants who are able to communicate about the presence of pain, the
Brief Pain Inventory (BPI) will be applied [22]. The BPI is a questionnaire, assessing
the severity of pain by four numeric rating scale items and, explores the degree to
which pain interferes with daily activities by seven interference items. The BPI is a
valid and reliable assessment tool for pain assessment in epidemiological studies
[22]. Concurrently with the BPI, the participant will be asked to score the intensity
of pain, when he or she is in pain, on a self-report scale. The Numeric Rating Scale
(NRS), Verbal Descriptor Scale (VDS) [23-25], and Faces Pain Scale Revised (FPS-R)
[26,27] can be used for this purpose, dependent on understanding by the participant
of each of the scales.
In WHY[PJPWHU[Z^P[OKPɉJ\S[PLZ[VJVTT\UPJH[L[OLPYWHPU, a contact nurse will be
asked to complete the Pain Assessment IN Advanced Dementia Scale (PAINAD) [28].
The PAINAD is a brief and easy to administer observational scale, especially used in
people with advanced dementia. The reliability and validity of the PAINAD have been
VWXGLHGH[WHQVLYHO\DQGDFXWRĳVFRUHRIKDVEHHQUHFRPPHQGHGWRLQGLFDWHWKH
probable presence of pain [28-32].
Apart from these pain assessment tools, the Mobilization Observation Behaviour
Intensity Dementia-2 (MOBID-2) Pain Scale [33] will be administered in all participants
by a contact nurse to measure pain, using standardized movements. The MOBID-2 is
DUHOLDEOHYDOLGDQGWLPHHĳHFWLYHLQVWUXPHQWWRPHDVXUHSDLQLQSHRSOHZLWKDGYDQFHG
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dementia [33]. For this study, the MOBID-2 was translated into Dutch, based on the
guidelines for cross-cultural adaptation [34]. The translated version showed good
IHDVLELOLW\LQDSLORWVWXG\$QRYHUDOOVFRUHRI156ƊLQWKH02%,'ZLOOEHUHJDUGHG
as clinically relevant pain [33].
For the measurement of orofacial pain, Delwel and Lobbezoo developed the Orofacial
Pain Scale for Non Verbal Individuals (OPS-NVI), based on [17] and [35], which
demonstrated good face validity and usability in a pilot study. For further validation
of the OPS-NVI, a number of steps will be performed. First, the verbal and nonverbal
participants will be observed using the OPS-NVI, during rest, drinking, eating, and
mouth care. These activities will be observed for indicators of pain behavior and the
pain intensity will be assessed by two observers, whenever possible. Second, the
group of verbal participants will be asked about the presence of pain and, if pain
is present, the pain intensity with the NRS, VDS, and FPS-R. Third, a standardized
dental examination will be performed in both verbal and nonverbal participants, to
evaluate their oral health, which will be described hereafter. The results of observation,
self-assessment and the dental examination will be compared in order to validate
the OPS-NVI.
SECONDARY OUTCOMES

Secondary outcomes include oral health, autonomic responses to a pain stimulus,
vital sensibility, musculoskeletal examination, cognitive functioning, neuropsychiatric
symptoms, and quality of life.
Oral health

Oral health will be evaluated by a dentist with experience in geriatric dentistry,
performing a structured oral examination, including history taking, extraoral, functional,
intraoral, and (whenever indicated) additional examination.
The function of the temporomandibular joint will be assessed with an Active
0DQGLEXODU([DPLQDWLRQ $0( 7KHSDUWLFLSDQWZLOOEHDVNHGWRPDNHGLĳHUHQWMDZ
movements and the dentist will measure the excursions [36]. The presence or
absence of pain will be observed; if the procedure is too painful, it will be stopped [37].
Whenever applicable, removable prosthetics will be examined for hygiene, retention,
and occlusion/articulation [38]. The status of the oral tissues will be determined by
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H[DPLQLQJWKHOLSVFKHHNVSDODWHWRQJXHĲRRURIWKHPRXWKDOYHRODUULGJHVVDOLYD
DQGPRXWKRGRU7KHVHHOHPHQWVZLOOEHFODVVLıHGDVKHDOWK\RU DEQRUPDOE\WKH
dentist [38]. The number of opposing molars, the occlusal units (OU), will be counted
as an indication of the chewing ability [39]. The status of the participant’s natural teeth
will be scored with the Decayed Missing and Filled Teeth (DMFT) Index [40]. For this
LQGH[WKHQXPEHURIWHHWKZLWKFDULHVPLVVLQJWHHWKDQGWHHWKZLWKıOOLQJVZLOOEH
UHFRUGHG$OVRWKHDPRXQWRIGHQWDOZHDUZLOOEHTXDQWLıHGDQGLWHPL]HG>@7KH
periodontal status will be determined by measuring the periodontal pockets according
to the Dutch Periodontal Screening Index (DPSI) [42] and the physiological mobility of
the teeth [43]. The oral hygiene will be measured, according to the Plaque Index by
Silness and Loe [44]. Somatosensory changes of the face will be examined with brief
quantitative sensory tests for orofacial pain. Three simple tests will be used: a cotton
swab, pinprick, and brush test. The three innervation areas of the N. Trigeminus will
be tested: above the eyebrow, under the eye and at the lower lip. The results will be
used to determine if a participant has signs of neuropathic pain in the orofacial region
[45]. For determining of signs of neuropathic pain elsewhere in the body, testing of
vital and Quantitative Sensory Testing (QST) will be done (see below).
The oral examination will be evaluated and given as feedback to the participant,
FDUHWDNHUVDQGRUPHGLFDOVWDĳ
Autonomic responses to pain stimulus

Autonomic responses to pain will be measured with the VU University Ambulatory
0RQLWRULQJ6\VWHP 98$06 DFHUWLıHGGHYLFHWKDWUHFRUGVWKHHOHFWURFDUGLRJUDP
(ECG) and changes in thorax impedance (dZ) to determine Inter-Beat-Interval (IBI),
Pre Ejection Period (PEP), and Respiratory Sinus Arrhythmia (RSA). In addition, Skin
Conductance Level (SCL) will be recorded using the VU-AMS by two electrodes
(Biopac TSD203) combined with their isotonic electrode gel (GEL101) on the index
DQGPLGGOHıQJHU>@
At the outpatient memory clinic autonomic responses to a pain stimulus in the form
of a venipuncture will be measured in all patients. First the patients will be asked
to rate their current pain on the NRS followed by a two minute rest and a baseline
measurement. Next, a venipuncture will be performed by a geriatric nurse and
directly after this procedure the patient will be asked to rate the pain intensity of the
venipuncture on the NRS. Subsequently, a second baseline measurement will be

115

4

CHAPTER 4

performed during a three-minute rest period. The patients will be asked to rate their
current pain after the second baseline measurement to ensure that their pain level is
not increased by sitting still for a prolonged period of time.
In nursing home residents, autonomic responses to pain stimuli are only measured
in patients who undergo changes of wound dressings as part of usual care in the
treatment of pressure ulcers. First the patients who are able to communicate, will be
DVNHGWRUDWHWKHLUFXUUHQWSDLQOHYHORQWKH156IROORZHGE\DıYHPLQXWHEDVHOLQH
measurement in rest. After the baseline measurement, the wound treatment procedure
will be explained. The renewal of the wound dressing will be utilized as a painful
episode. The current wound dressing will be removed, the wound cleaned and new
dressing will be applied. Afterwards, the pain intensity of the treatment episode will
be assessed in verbal patients by using the NRS. Finally, another 5 minute baseline
measurement in rest will be performed.
Vital sensibility

Vital sensibility will be assessed by Quantitative Sensory Testing (QST), including
touch perception, sharp/dull distinction and temperature discrimination. All sensory
procedures will be administered to the inside of both lower arms. This site is often
used in somatosensory studies [49,50] because of the high density of intra-epidermal
QHUYH ıEHUV >@ 467 ZLOO RQO\ EH SHUIRUPHG LQ SDWLHQWV ZLWK D 0LQL 0HQWDO 6WDWH
([DPLQDWLRQ 006( VFRUHƊ
7KHWRXFKSHUFHSWLRQWKUHVKROGZLOOEHDVVHVVHGE\Q\ORQPRQRıODPHQWVEDVHGRQ
WKH9RQ)UH\KDLUV 6RPHGLF$%6ZHGHQ $PD[LPXPQXPEHURIıODPHQWVZLOO
be administered to the inside of both lower arms, until the participant indicates the
sensation of touch. False positive responses will be controlled by administering a null
VWLPXOXV QRıODPHQWDGPLQLVWHUHG 7KHPRQRıODPHQWVLQFUHDVHLQGLDPHWHUUHVXOWLQJ
LQDQLQFUHDVHLQIRUFHWKDWLVDSSOLHGWRWKHVNLQ7KHPRQRıODPHQWVDUHQXPEHUHG
LQDVFHQGLQJRUGHU7KHQXPEHURIWKHıUVWPRQRıODPHQWUHVXOWLQJLQDUHVSRQVHZLOO
be used as an outcome.
7KHDELOLW\WRVHQVHWKHGLĳHUHQFHEHWZHHQVKDUSDQGGXOOVWLPXOLZLOOEHDVVHVVHG
using the Neuropen (Owen Mumford, U.S.A.). This instrument contains both a
PRQRıODPHQWIRUWRXFKDQGDWLSIRUVKDUSQHVV7KHPRQRıODPHQWZLOOEHSUHVVHG
to the skin surface at a 90° angle until it bows (10 g) and subsequently hold in this
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position for 2 seconds. The sharp tip will be pressed to the skin surface at a 90°
angle, until the marker is within the 40 g marker zone and subsequently held in this
position for 2 seconds. Number of errors (maximum of 6) will be used as the outcome
measure.
For temperature discrimination the Rolltemp (Somedic AB, Sweden) will be applied
in random order to the left forearm (total of 3 times) and to the right forearm (total of
3 times). The subject will have to indicate whether the stimulus was cold or warm.
The rollers will be placed in their docking stations between trials so their temperature
is either 25 °C or 40 °C. Compared with the normal human skin temperature of
32 °C, the rollers will be perceived as either cold or warm, by humans with normal
temperature sensitivity. The number of errors (maximum six) will be used as an
outcome measure.
Musculoskeletal examination

A structured musculoskeletal examination will be performed by a physician in patients
with clinically pain to determine whether the pain originates from the musculoskeletal
V\VWHP &OLQLFDOO\ UHOHYDQW SDLQ LV HLWKHU GHıQHG DV %3, VFRUHƊ RU VHOIUHSRUW
VFRUHƊRU02%,'SDLQVFRUHƊRU3$,1$'VFRUHƊ
Cognitive functioning

Cognitive functioning will be measured using the following memory measures: (1) the
15 Word test [52,53] adapted from the Rey Auditory Verbal Learning Test [54], (2) the
Meander from the Amsterdam Dementia Screening Test [55], (3) the Rule Shift Cards
Tests subtest of the Behavioural Assessment of the Dysexecutive Syndrome [56], (4)
the Rey Complex Figure Test [57], (5) the Stroop Color-Word Test [58], (6) the Trail
Making Test [59], (7) the Verbal Fluency Test Animals [60], (8) the Visual Association
Test [61], and (9) the Mini Mental State Examination (MMSE) [62], a brief instrument
used to screen for cognitive impairment and well validated in both research and
clinical practice [63,64]. In nursing home patients only the MMSE will be used for
measuring cognitive functioning.
Neuropsychiatric symptoms

Neuropsychiatric symptoms will be measured with a brief questionnaire form of the
Neuropsychiatric Inventory (NPI-Q) [65] in participants at the outpatient memory
clinic, and with the Neuropsychiatric Inventory Nursing Home Version (NPI-NH) [66]
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in nursing home residents. The NPI-Q is a revised version of the original NPI and
has been validated against the original NPI [67]. The NPI-NH is developed for rating
by professional caregivers within institutions and proved to be valid and reliable for
WUDLQHGQXUVLQJVWDĳ>@7KH13,1+LVWKHRQO\QXUVLQJKRPHLQVWUXPHQWIRUD
broad range of neuropsychiatric symptoms that has been translated into Dutch [69].
Quality of life

Quality of life will be assessed by the Dementia Quality of Life instrument (DQol) [70]
or the Qualidem [71,72]. The DQol is a valid instrument to assess the quality of life
in persons with a mild to moderate stage of dementia. In people with moderate to
severe dementia, the Qualidem will be used, which is a reliable and valid instrument
WKDWSURYLGHVDTXDOLW\RIOLIHSURıOHRISHUVRQVOLYLQJLQQXUVLQJKRPHV>@
In addition to quality of life, social participation will be measured using the Revised
Index for Social Engagement (RISE) [73]. The RISE is a valid instrument for assessing
social engagement in nursing home residents and contains six questions about the
social interaction of the participant. A contact nurse who is familiar with the participant
completes this questionnaire [73].
Dementia subtype and stage

Participants recruited at the outpatient memory clinic will be screened for dementia,
including Computed Tomography (CT) or Magnetic Resonance Imaging (MRI).
The clinical diagnosis will be established by consensus within a multidisciplinary
consultation. The National Institute of Neurological and Communicative Disorders
and Stroke (NINCDS) and the Alzheimer’s Disease and Related Disorders Association
(ADRDA) criteria for Alzheimer dementia [74], the National Institute of Neurological
Disorders and Stroke Association (NINDS) Internationale pour la Recherche et
l’Enseignement en Neurosciences (AIREN) criteria for vascular dementia [75], the
revised criteria for FTD [76], and the revised criteria for DLB [77] are used. Participants
recruited from dementia special care units will have a diagnosis of dementia usually
based on DSM-IV criteria (2000), and the medical record will be reviewed for a
probable subtype diagnosis determined by a geriatrician, neurologist, elderly care
physician, or old age psychiatrist, and preferably completed by CT or MRI.
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Dementia stage will be determined using the Global Deterioration Scale (GDS), a
ZHOOYDOLGDWHGVHYHQSRLQWVFDOH>@7KH*'6GHıQHVVHYHQVWDJHVRIGHPHQWLD
ranging from ‘no global impairment’ (1) to ‘very severe global impairment’ (7) [78].
Demographics, baseline, and control variables

Patient characteristics (i.e. sex and age) will be derived from medical records. The
Charlson co-morbidity Index [79] will be used to classify co-morbidities, while ADL
performance will be measured by the Katz-ADL [80]. The Katz-ADL assesses
IXQFWLRQDO VWDWXV DQG LV XVHG H[WHQVLYHO\ LQ WKH ıHOG RI HOGHUO\ FDUH PHGLFLQH DQG
geriatrics.
Medication

Information on medication use will be derived from the medical records at the outpatient
memory clinic. To ensure a complete overview of pain medication, participants will
explicitly be asked about their use of over-the-counter pain medication. In the nursing
homes information on medication use will be derived from the pharmacists’ electronic
patient records.
STUDY PROCEDURE
Study measures after consent at the outpatient memory clinic

Measurements will be performed during the memory-screening day in the outpatient
clinic. Since several measurements are already part of the standard routine, for
research purposes the following measurements will be added, i.e. a structured pain
assessment, an oral examination, the measurements of autonomic responses and
sensibility (touch perception, sharp/dull distinction, temperature discrimination),
the presence of neuropsychiatric symptoms, and the measurement of quality of
life. Demographics, dementia subtype diagnosis, cognitive performance (i.e.
neuropsychological assessment), ADL (i.e. Katz-ADL), co-morbidity (i.e. Charlson
co-morbidity Index), and prescribed medication will be obtained from medical notes.
At the start of the memory-screening day, the neuropsychologist will install the
VU-AMS device after which the VU-AMS protocol will be executed.
Participants will undergo a physical examination by a physician from the outpatient
clinic; for this study, the physical examination will comprise a structured examination
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of the musculoskeletal system. Besides, patients will undergo QST by a trained
neuropsychologist or research assistant. A dental examination will be performed by
a dentist with experience in geriatric dentistry.
If pain is observed in participants, recruited in the outpatient memory clinic, feedback
about the pain and the most probable cause(s) will be given to the attending physician.
Study measures after consent in nursing homes

To reduce participant burden, measurements in nursing home residents will be
VSOLWLQWRWKUHHSDUWVZKLFKZLOOSUHIHUDEO\EHSHUIRUPHGRQGLĳHUHQWGD\VLH  
structured pain assessment including musculoskeletal examination when clinically
relevant pain is present, (2) oral examination, and (3) cognitive assessment, QST and
VU-AMS, if applicable. Structured pain assessment includes the BPI, self-reportscales, or PAINAD. Besides, all participants will be observed for presence of pain
during morning care using the MOBID-2. Trained research assistants will collect data
on neuropsychiatric symptoms, quality of life, participation, and ADL by interviewing
the contact nurse. Dental examination will be performed by a dentist. Cognitive
assessment will be done by a neuropsychologist. QST will only be assessed in
SDWLHQWVZLWKD006(VFRUHƊDQGWKH98$06ZLOORQO\EHXVHGLQQXUVLQJKRPH
residents who undergo changes of wound dressings as part of usual decubitus care.
If pain is observed in nursing home residents during baseline measurement, feedback
DERXWWKHW\SH V RISDLQDQGDGLĳHUHQWLDOGLDJQRVLVRIWKHPRVWSUREDEOHFDXVH V 
including information about treatment options, will be given to the attending physician.
Reassessment of these participants will take place after three months with the same
pain measurement instruments as applied at baseline. During this reassessment,
information about pain treatments in the last three months will be collected to evaluate
WKHHĳHFWRIIHHGEDFNWRWKHDWWHQGLQJSK\VLFLDQ
SAMPLE SIZE AND POWER ANALYSIS

2XUıUVWREMHFWLYHLVWRDVVHVVWKHSUHYDOHQFHRISDLQLQGHPHQWLDVXEW\SHV7RGDWHQR
clear estimates of the prevalence of pain in dementia subtypes are known. Therefore,
we used an assumed prevalence of 50% for our sample size calculation. Aiming at
DSUHFLVLRQRISHUFHQWDJHSRLQWV LHHVWLPDWHƃ ZLWKDVLJQLıFDQFHOHYHO
(alpha) of 0.05 and a power (beta) of 0.95, we will need to recruit 384 participants.
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Taking into consideration that prevalence measurements do not require follow-up,
we did not correct for attrition.
To analyze the assumed association between neuropsychiatric symptoms and pain,
TXDOLW\RIOLIHDQGSDLQDQGFRJQLWLYHIXQFWLRQLQJDQGSDLQLQDOOGLĳHUHQWGHPHQWLD
subtypes, multivariable linear regression analyses will be used. Power depends on the
amount of explanatory variables and therefore we decided to include a maximum of
10 explanatory variables in our analyses. Based on the sample size calculations, using
the software-tool ‘G*power version 3.1.2’ [81], 118 participants per major dementia
VXEW\SH LH$'DQG9D' QHHGWREHUHFUXLWHGWRHQVXUHDFRQıGHQFHLQWHUYDO
with 80% power.
DATA ANALYSIS

We will use descriptive statistics for the demographic features of the cohort. The
prevalence and intensity of pain and the causes of pain will be determined in the
overall group of people with dementia. In addition, the frequency of pain subtypes
SHU GHPHQWLD VXEW\SH DQG GHPHQWLD VWDJH ZLOO EH DQDO\]HG IRU JURXS GLĳHUHQFHV
using Chi square tests.
For the secondary outcome analyses, descriptive statistics and multivariable linear
regression analyses will be used. Multivariable linear regression will be used to
evaluate the relationships between neuropsychiatric symptoms and pain, quality of
life and pain, and cognitive functioning and pain, in dementia subtypes.
'LĳHUHQFHVLQDXWRQRPLFUHVSRQVHVSHUGHPHQWLDVXEW\SHPHDVXUHGE\WKH98
$06DVZHOODVWKHHĳHFWRIIHHGEDFNRQWKHSUHVHQFHRISDLQZLOOEHDQDO\]HGXVLQJ
paired t-tests.
DISCUSSION

The aim of the study is to investigate the prevalence and intensity of pain in the major
GHPHQWLD VXEW\SHV DQG IRU GLĳHUHQW GHPHQWLD VWDJHV DV ZHOO DV WKH UHODWLRQVKLS
EHWZHHQ WKH GLĳHUHQW W\SHV RI SDLQ DQG WKH PDMRU GHPHQWLD VXEW\SHV 3ULPDU\
outcome is the presence and intensity of pain in dementia subtypes. Secondary
outcomes are oral health, autonomic responses to pain stimuli, vital sensitivity,
cognitive functioning, neuropsychiatric symptoms, and quality of life. Additionally, an
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HYDOXDWLRQRIHĳHFWLYHQHVVRIIHHGEDFNRQWKHSUHVHQFHRISDLQZLOOEHFDUULHGRXW
and the possibility of using autonomic responses for assessing pain in patients with
dementia will be explored.
In this study, a unique multidisciplinary approach is used, in which a neuropsychologist,
dentist, and elderly care medicine trainee all examine the same group of participants.
All participants will have a cognitive assessment, an oral examination and physical
DVVHVVPHQW5HVXOWVZLOOEHJDWKHUHGDQGDGLĳHUHQWLDOGLDJQRVLVLQFOXGLQJDWUHDWPHQW
advice, if desired, will be provided to the attending physician.
:HDVVXPHWKDWWKHSUHYDOHQFHRISDLQZLOOEHGLĳHUHQWIRUWKHIRXUPRVWFRPPRQ
dementia subtypes, and will be the highest in VaD and we expect to see more
neuropathic pain in VaD, in which it is more likely to see neuropathic pain due to
white matter lesions [12,82].
This study will provide data about the prevalence and intensity of orofacial pain and
oral health problems in persons with dementia. Although there is an increase in
attention for oral health in people with dementia, studies on oral health in people with
dementia are scarce. Furthermore, available data indicate that oral health in people
with dementia is poorer compared to cognitive intact people [83].
The chosen design seems suitable for our purposes. We will include patients in
DOOGLĳHUHQWVWDJHVRIWKHGLVHDVHE\UHFUXLWLQJDWWKHRXWSDWLHQWPHPRU\FOLQLFDQG
in nursing homes, and we will also consider all possible causes of pain that are
most likely to be diagnosed due to our multidisciplinary approach. The chosen
PHDVXUHPHQWLQVWUXPHQWVDUHDOOFRPPRQO\XVHGLQWKHıHOGRIHOGHUO\FDUHPHGLFLQH
and geriatrics, except for the MOBID-2,OPS-NVI and the VU-AMS.
Observational pain assessment tools have limited validity and could lead to
misinterpretation of pain behavior. For example, a grimace might be interpreted as
a smile, or a positive score on an observational pain tool might be attributed to pain
instead of some other cause of distress [20]. However, there is currently no better
method of assessing pain in a population with severe dementia beyond the proposed
approach in this study. We acknowledge that this may lead to an overdetection
of pain in this study. As we use several observational instruments this enables to
determine correlations between the instruments. This will give insight in the probability
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of overdetection and also enhance knowledge about the concurrent validity of the
instruments.
For that reason we planned to investigate the contribution of autonomic responses
to pain stimuli and QST as more objective measurement methods in the assessment
of pain in people with dementia. The reliability of QST in people with dementia has
already been demonstrated [21], although the use of QST in epidemiologic studies
on pain in dementia is scarce.
The success of this study in nursing home residents depends highly upon support of
WKHQXUVLQJVWDĳ3DUWLFLSDWLQJLQWKLVUHVHDUFKPD\EHSHUFHLYHGDVWLPHFRQVXPLQJ
E\ WKH QXUVLQJ VWDĳ 7KHUHIRUH ZH GHFLGHG WR VXSSRUW WKH QXUVHV E\ GHSOR\LQJ
research assistants. The research assistants will collect data on behavior, quality
of life, participation, and ADL by interviewing the contact nurse to ensure that
participation is as little time-consuming as possible. These research assistants will
be trained in administering the instruments correctly and consistently.
In conclusion, this study will help to enhance our knowledge regarding the prevalence
RIGLĳHUHQWW\SHVRISDLQLQGLĳHUHQWGHPHQWLDVXEW\SHVLH$'9D')7'DQG'/%
This study also aims to contribute to a better understanding of oral health problems
in people with dementia and the relationships between pain and cognitive symptoms,
neuropsychiatric symptoms, and quality of life in people with various dementia
VXEW\SHVDQGLQGLĳHUHQWVWDJHVRIWKHGLVHDVH
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CHAPTER 5

ABSTRACT
Objectives: The aim of this study was to establish the reliability of the “chewing”

subscale of the OPS-NVI, a novel tool designed to estimate presence and severity
of orofacial pain in nonverbal patients.
Methods: 7KH23619,FRQVLVWVRILWHPVIRUREVHUYHGEHKDYLRUFODVVLıHGLQWRIRXU

categories and a subjective estimate of pain. Two observers used the OPS-NVI for
237 video clips of people with dementia in Dutch nursing homes during their meal to
observe their behavior and to estimate the intensity of orofacial pain. Six weeks later,
the same observers rated the video clips a second time.
Results: %RWWRP DQG FHLOLQJ HĳHFWV IRU VRPH LWHPV ZHUH IRXQG 7KLV UHVXOWHG LQ

exclusion of these items from the statistical analyses. The categories which included
the remaining items (n = 6) showed reliability varying between fair-to-good and
excellent (interobserver reliability, ICC: 0.40-0.47; intraobserver reliability, ICC: 0.400.92).
Conclusions: The “chewing” subscale of the OPS-NVI showed a fair-to-good to

excellent interobserver and intraobserver reliability in this dementia population. This
study contributes to the validation process of the OPS-NVI as a whole and stresses
the need for further assessment of the reliability of the OPS-NVI with subjects that
might already show signs of orofacial pain.
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1. INTRODUCTION

Statistics Netherlands predicts that the percentage of elderly people (i.e., 60 years
of age or older) will rise from 15% at present to 25% by 2040 [1]. This is not just a
national Dutch phenomenon. Globally, the United Nations predict proportions of
elderly rising to approximately 20%, thus doubling the percentage of people over 60,
and even more so in more developed regions where life expectancy is higher (up to
40% regionally) [2].
One of the major challenges with an ageing population is dementia, of which a
prevalence up to 7% in people over 60 is reported [3]. Many of these individuals’
functions deteriorate to such a level that self-care is no longer possible. Although
in some cases the care for people with dementia is supported by their families,
others eventually come to live in a nursing home. Many people’s functions continue
to deteriorate until verbal communication is no longer possible [4]. The progressive
decline in communicative abilities may hamper pain assessment in people with
dementia, especially when it comes to orofacial pain [5]. In 2011, Lobbezoo et al. [5]
emphasized that the existing diagnostic tools for establishing the intensity of pain in
nonverbal elderly people with dementia are not appropriate for the assessment of
dental or orofacial pain. In the same article, it was noted that there is a lack of research
dealing with the assessment of orofacial pain in nonverbal people with dementia. The
same is true for the literature on management of orofacial pain in this group [5, 6].
During the international and interdisciplinary process towards the development the
Pain Assessment in Impaired Cognition metatool [4], the importance of developing
DVSHFLıFRURIDFLDOSDLQDVVHVVPHQWWRROZDVQRWHG8QIRUWXQDWHO\HYHQWKRXJKWKH
recently developed Orofacial Mobilization-Observation-Behavior-Intensity-Dementia
Pain Scale was proposed as a tool to assess the intensity of orofacial pain in
individuals with dementia, it proved to be unreliable [7]. This led to the development
of the “Orofacial Pain Scale for Non-Verbal Individuals” (OPS-NVI) [4, 8, 9]. This
instrument is meant to assess the presence of possibly pain-related nonverbal
communication, such as facial expressions, body movements, and vocal expressions.
The patient’s behavior is monitored during four types of activities, namely, “resting,”
“drinking,” “chewing,” and “oral care,” and the intensity of the possible orofacial pain
is scored as well. For the OPS-NVI, a reliability and validity assessment has yet to
be performed. The present study therefore focuses on testing the reliability of the
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“chewing” subscale of the OPS-NVI by the assessment of video recordings of older
people with dementia during their meal.
2. MATERIAL AND METHODS
2.1. STUDY SAMPLE

For this study, video clips were used. These clips were part of the data set recorded
in relation to the STA-OP!-protocol [10]. The video clips were recorded at various
nursing homes throughout the Netherlands and consisted of audiovisual material of
residents of these homes recorded during mealtime. Participating nursing homes
met the following criteria:
• Management was willing to give permission for at least one psychogeriatric unit
to participate.
• No major organizational changes or building activities were planned or performed
in the study period.
For the residents to be preselected for enrollment, the inclusion criteria were
• presence of moderate to severe cognitive impairment according to the Global
Deterioration Scale (GDS), that is, a score of 5, 6, or 7 [11],
• absence of chronic psychiatric diagnoses other than a dementia-associated
diagnosis.
%RWKFULWHULDZHUHDVVHVVHGE\HOGHUO\FDUHSK\VLFLDQVZKRDUHSDUWRIWKHVWDĳRI
Dutch nursing homes.
Informed proxy consent for the videotaping and use of the videotapes in the STAOP!-study and related studies was obtained from family and/or caregivers for every
included resident. The Medical Ethics Review Committee of the VU University
Medical Center Amsterdam approved the protocol (registration number 2009/119).
After preselection, in order to be enrolled into the study, an additional inclusion
FULWHULRQZDVWKHSUHVHQFHRIŗFOLQLFDOO\VLJQLıFDQWV\PSWRPVRISDLQŘDQGRUŗGLĴFXOW
EHKDYLRUŘGHıQHGDV
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• &RKHQ0DQVıHOG$JLWDWLRQ,QYHQWRU\ &0$, >@VFRUHƊ
• 1HXURSV\FKLDWULF ,QYHQWRU\1XUVLQJ +RPH 9HUVLRQ 13,1+  >@ VFRUH Ɗ RQ
every respective item; or
• indication of clinically relevant pain according to the Minimum Data Set of the
Resident Assessment Instrument pain scale (MDS-RAI) (MDS-RAI pain scale
Ɗ >@
The degree of cognitive deterioration was measured according to the MDS-Cognitive
Performance Scale (CPS) [15]. The CPS is a seven-category index, ranging from
cognitively intact to very severely impaired. The index is categorized by combining
the three severe categories as “severe” cognitive deterioration, the middle two
categories as “moderate” deterioration, and the remaining two categories as “normal”
cognitive performance or only mild deterioration. The CPS scale has shown excellent
DJUHHPHQW ZLWK WKH 0LQL0HQWDO 6WDWH ([DPLQDWLRQ 006(  LQ WKH LGHQWLıFDWLRQ RI
cognitive impairment in research [16]. The CPS score’s mean and standard deviation
are shown in Table 1.
Table 1: Descriptive and demographic data of subjects (N= 153)
Mean

SD

83.3

7.1

Male

81.1

7.6

Female

84.1

6.7

CPS score

4.4

1.3

5
N

Percentage

Endocrinea

46

30.1

Vision impairmentb

25

16.3

Heart/cardiovasculardiseasec

86

56.2

Psychiatric/moodd

22

14.4

Lungdiseasee

22

14.4

Diseasesofmusculoskeletalsystemf

42

27.5

Neurologicaldiseasesg

38

24.8

Infectioninthelast7daysh

6

3.9

Otheri

21

13.7

Age

Comorbidity

SD:standarddeviation, CPS:CognitivePerformanceScale, a=diabetesmellitus, hypothyroidism,
and/ or hyperthyroidism, b=cataract, diabeticretinopathy, glaucoma, and/ or maculardegeneration,
c=ar terioscleroticdisease, hear trhy thmdisorders, hear tfailure, hyper tension, hypotension,
peripheralvasculardisease, and other, d=anxietydisorder, depression, manicdepression, and schizophrenia,
e=asthma, emphysema/COPD, f=rheumatic diseases, hip fracture, amputation, osteoporosis, and
pathologic bonefracture, g=aphasia, cerebral palsy, stroke, hemiplegia/ hemiparesis, paraplegia, multiple
sclerosis, Parkinson disease, seizures, transient ischemic attack, traumaticbraininjury, and quadriplegia,
h=pneumonia, respiratory tractinfection, and urinary tract infection, i=allergies, anemia, cancer,and renal
failure.
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Comorbidity was assessed with the MDS-RAI comorbidity list, which contains the
following groups of diseases: endocrine diseases, visual impairments, cardiovascular
diseases, psychiatric disorders, pulmonary diseases, diseases of musculoskeletal
system, neurological diseases (without Alzheimer disease or other types of dementia),
infection in the last 7 days, and other [14]. Information on comorbidity is included in
Table 1.
2.2. PROCEDURE

7KH23619,FRQVLVWVRIIRXUVXEVFDOHVZKHUHLQGLĳHUHQWDFWLYLWLHVDUHDVVHVVHG
namely, “resting” (I), “drinking” (II), “chewing” (III), and “oral care” (IV). Each subscale
FRQWDLQVDWRWDORILWHPVRIREVHUYHGEHKDYLRUWKDWDUHFODVVLıHGLQWRIRXUFDWHJRULHV
QDPHO\ŗIDFLDODFWLYLWLHVŘ  ŗERG\PRYHPHQWVŘ  ŗYRFDOL]DWLRQVŘ  DQGŗVSHFLıF
behavior”(4). All categories and items therein are identical for each subscale. For this
study, only the “chewing” subscale was used. The items of observed behavior are
shown in the following.
Items for Observed Behavior of the “Chewing” Subscale of the OPS-NVI
(1) Facial Activities

Q1) Frowning: lowering and drawing brows together.
(Q2) Narrowing or closing eyes: narrowed eyes with tension around the eyes, not
just blinking.
(Q3) Raising upper lip: upper lip raised, nose may be wrinkled.
(Q4) Opened mouth: the lips are parted and jaw is dropped.
(Q5) Tightened lips: lips are pressed together and appear more narrow.
(2) Body Movements

(Q6) Resisting care: resisting care, being uncooperative.
4  *XDUGLQJ SURWHFWLQJ DĳHFWHG DUHD KROGLQJ ERG\ SDUW DYRLGLQJ WRXFK DQG
moving away.
4 5XEELQJWXJJLQJRUPDVVDJLQJDĳHFWHGDUHD
4 5HVWOHVVQHVVıGJHWLQJZULQJLQJKDQGVDQGURFNLQJEDFNDQGIRUWK
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(3) Vocalizations

4 8VLQJRĳHQVLYHZRUGVFXUVLQJVZHDWLQJRUXVLQJIRXOODQJXDJH
(Q11) Using pain-related words: using pain words, like “ouch,” “ow,” or “that hurts.”
(Q12) Screaming/shouting: using a loud voice to express sounds/words.
(Q13) Groaning: making deep, inarticulate sounds.
:WLJPÄJ)LOH]PVY

(Q14) Restricting jaw movement: making smaller jaw movements than possible.
(Q15) Refusing prosthetics: removing prosthetics again and again.
4 'URROLQJĲRZLQJRIVDOLYDRXWVLGHWKHPRXWK
To complete the OPS-NVI for the purpose of this study, an adaptation of the standard
instructions of the OPS-NVI was given to the observers:
1. Observe the behavior of the client while chewing:
a. Observe the activity for 3 minutes or for the length of the activity. Segments
where no activity is shown can be skipped.
)RUHDFKLWHPWLFNRĳWKHDSSURSULDWHER[
a. Y = Yes, I saw this behavior.
b. N = No, I did not see this behavior.
c. N/A = Not Applicable; it was not possible to score this behavior, because
the client was not able to perform this behavior (not: not visible. In that case,
WLFNRĳŗ1RŘ 
3. Rate the estimated pain intensity with a number between 0 and 10:
a. 0 is no pain and 10 is pain as bad as it possibly could be.
b. Rate what you think is the experienced pain intensity.
For this study, a total of 321 video clips were collected. Of these, 84 were not used.
This was because in 83 cases, no or hardly any masticatory movement was detected,
while one clip was removed from the data set because, in retrospect, the person
had a possible alcohol-related dementia diagnosis, which did not meet the inclusion
criteria as described in the STA-OP!-protocol. This yielded a total of 237 video clips
to be observed, with a total of 153 subjects. From these, 69 subjects featured in only
RQHYLGHRFOLSZKHUHDVIHDWXUHGLQWZRFOLSV7KHVXEMHFWVWKDWZHUHıOPHGWZLFH
were recorded with a 3-month interval (12-13 weeks) in between both recordings
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[10]. There were 109 women and 44 men, with a mean age of 83.3 (SD: 7.1; range:
63.8–102.4), as shown in Table 1.
The video clips featured residents during their mealtime. The clips were recorded with
audiovisual recording equipment (JVC brand, type Everio G Series nr. GZ-MG575,
Yokohama, Japan). The camera was placed in such a way that the resident’s face
was shown, nearly all masticatory movements were clearly visible, and vocalizations
were clearly heard over the course of the clip. If the resident moved during the
recording, the camera position was adjusted accordingly. The duration of the clips
varied between 3 and 5 minutes.
2.3. RELIABILITY ASSESSMENT

Two observers, both sixth year dental students at the Academic Centre for Dentistry
Amsterdam (ACTA), were given a training by an experienced user of the OPS-NVI and
were instructed to individually observe the behavior of the participants and estimate
the pain intensity with the OPS-NVI for every clip (t0), followed by a period of 6 weeks
of no observation. After this period, the observers were instructed to complete the
OPS-NVI again for every clip (t1).
2.4. STATISTICAL ANALYSIS

To establish the reliability of the “chewing” subscale of the OPS-NVI, the interobserver
and intraobserver reliability were assessed by analyzing the test-retest reliability for
individual items of the instrument. The sum scores of the items per category and
the interobserver and intraobserver reliability of the estimated pain score were also
analyzed. For all interobserver reliability analyses, the t0-measurements of both
observers were used.
,QFDVHVZKHUHWKHGDWDEDVHVKRZHGDERWWRPRUFHLOLQJHĳHFWIRUDQLWHPPHDQLQJ
that the item was scored in less than 5% or more than 95% of the cases, it was
decided that the item was excluded from the statistical analyses. Thus, items with a
Yes or No count <12 were excluded.
The interobserver and intraobserver reliability of the item scores were analyzed using
,QWUDFODVV&RUUHODWLRQ&RHĴFLHQWV ,&&V 7KHLQWHUREVHUYHUDQGLQWUDREVHUYHUUHOLDELOLW\
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of the sum scores of the included items per category and of the estimated pain
scores were also estimated by ICC. ICCs < 0.4 were considered poor, ICCs between
DQGIDLUWRJRRGDQG,&&V!H[FHOOHQW>@7KH FRQıGHQFHLQWHUYDO
ZDVFDOFXODWHGZLWKDFRQıGHQFHOHYHO7KHSHUFHQWDJHDJUHHPHQWIRUWKHLWHP
scores was also determined.
3UREDELOLW\ OHYHOV RI S   ZHUH GHıQHG DV VWDWLVWLFDOO\ VLJQLıFDQW $OO VWDWLVWLFDO
analyses were performed using the SPSS software package version 20.0 (IBM,
Armonk, NY, USA, 2011).
3. RESULTS

As shown in Table 2, a total of ten items were excluded from the statistical analyses,
because there was hardly any variability in observed behavior. As a result, the category
“vocalizations” was not used in the further analyses. For most cases, excluded items
were scored “No,” with the exception of (Q4), which was excluded from the analyses
because in all cases subjects opened their mouths as part of their chewing activities.
Table 3 shows the intraobserver and interobserver reliability and percentage
agreement per included item. The table clearly shows a discrepancy between the
GLĳHUHQWREVHUYDWLRQVWKHLQWUDREVHUYHUUHOLDELOLW\RIREVHUYHUUDQJHVIURPIDLUWR
good to excellent, while the intraobserver reliability and interobserver reliability of
observer 2 range from poor to fair-to-good.
In Table 4, where intraobserver and interobserver reliability per category as well
as pain intensity estimations are shown, a similar discrepancy between the two
intraobserver reliabilities is noted. However, the reliability per category seems to be
slightly higher than the reliability per item.

139

5

CHAPTER 5

Table 2: Proportion of positive observations of the OPS-NVI items by observer and assessment (N = 237
videoclips).
Observer 1

Observer 1

Observer 2

Observer 2

Assessment 1

Assessment 2

Assessment 1

Assessment 2

(Q1) Frowning

135

57.0

137

57.8

143

60.3

135

57.0

(Q2) Narrowing or closing eyes

118

49.8

108

45.6

153

64.6

167

70.5

(Q3) Raising upper lip

65

27.4

54

22.8

124

52.3

117

49.4

(Q4) Opened mouth

237

100.0

237

100.0

237

100.0

237

100.0

(Q5) Tightened lips

143

60.3

138

58.2

175

73.8

189

79.8

(Q6) Resisting care*

1

0.4

1

0.4

1

0.4

0

0.0

(Q7) Guarding

0

0.0

0

0.0

3

1.3

2

0.8

(Q8) Rubbing

0

0.0

0

0.0

6

2.5

6

2.5

(Q9) Restlessness

7

2.9

6

2.5

12

5.1

4

1.6

0

0.0

0

0.0

1

0.4

1

0.4

(Q11) Using pain-related words

0

0.0

0

0.0

0

0.0

1

0.4

(Q12) Screaming/ shouting

2

0.8

3

1.3

2

0.8

2

0.8

(Q13) Groaning

2

0.8

2

0.8

2

0.8

5

2.1

(Q14) Restricting jaw movement

36

15.2

41

17.3

29

12.2

34

14.3

(Q15) Refusing prosthetics*

0

0.0

0

0.0

1

0.4

0

0.0

(Q16) Drooling

1

0.4

1

0.4

0

0.0

0

0.0

(1)

Facial activities

*

(2)

Body movements

*

*

(3)

Vocalizations

4 8VLQJ2ĳHQVLYHZRUGV*
*

*

*



:WLJPÄJILOH]PVY

*

*

Excluded from further analysis
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0.68

0.61

0.80

0.92

0.77

(Q2) Narrowing or
closing eyes

(Q3) Raising upper lip

(Q5) Tightened lips

(Q9) Restlessness

(Q14) Restricting
jaw movement

82.3

93.7

99.6

90.3

85.2

84.0

0.56–0.71

0.71–0.81

0.90–0.94

0.75–0.84

0.52–0.68

0.61–0.74

0.40

0.49

0.29

0.35

0.31

0.48

0.24–0.49
0.17–0.40
0.38–0.58
0.29–0.50

67.5
96.6
86.1

0.19–0.42

69.6

74.7

0.38–0.57

74.7

0.41

0.40

0.35

0.30

0.25

0.50

ICC

n/a

n/a

0.77

0.81

Vocalizations*

6SHFLıFEHKDYLRU

Pain intensity
ȉ

0.58

0.40

n/a

0.49

0.30–0.51

0.29–0.50

0.23–0.46

0.15–0.43

0.13–0.37

0.40–0.59

95% CI

0.47

0.49–0.66

n/a

n/a
0.41

n/a
0.29–0.50

0.40

0.38–0.58

0.36–0.56

0.30–0.51

0.25–0.54
0.29–0.50

0.41

95% CI

ICC

0.38–0.58

Interobserver Observer 1 and 2

ICC=,QWUDFODVV&RUUHODWLRQ&RHĴFLHQW CI= FRQıGHQFHLQWHUYDO All items from the category “vocalizations” were excluded from statistical analysis.

0.76–0.85

0.71–0.82

0.90–0.94

0.92

Body movements

0.70–0.81

0.76

0.49

ICC

95% CI

Intraobserver Observer 2

95% CI

Intraobserver Observer 1

ICC

Facial activities

Category

86.1

95.4

70.5

64.1

62.4

75.5

Agreement
(in%)

Interobserver Observer 1 and 2

Table 4: Intraobserver and interobserver reliability for the category sum scores as well as for the estimated pain intensity scale.

ICC ,QWUDFODVV&RUUHODWLRQ&RHĴFLHQW CI=&RQıGHQFH,QWHUYDO

0.64

(Q1) Frowning

Item

95% CI

Agreement
(in%)

Intraobserver Observer 2
ICC

95% CI

ICC

Agreement
(in%)

Intraobserver Observer 1

Table 3: Intraobserver and interobserver reliability per item

OROFACIAL PAIN DURING MASTICATION IN PEOPLE WITH DEMENTIA

5

141

CHAPTER 5

4. DISCUSSION

The aim of this study was to assess interobserver and intraobserver reliability of
the “chewing” subscale of the OPS-NVI, with patient and environment standardized
through video recordings. When analyzing the video clips, the two observers reported
FOHDU ERWWRP DQG FHLOLQJ HĳHFWV PHDQLQJ WKDW WKHUH ZHUH D FRQVLGHUDEOH QXPEHU
of cases in which an item was observed in less than 5% or more than 95% of
the cases. This might be due to the fact that although there was preselection for
ŗFOLQLFDOO\VLJQLıFDQWV\PSWRPVRISDLQŘDQGRUŗGLĴFXOWEHKDYLRUŘDVGHıQHGE\WKH
67$23SURWRFROLQFOXVLRQFULWHULD>@WKHUHZDVQRVSHFLıFVHOHFWLRQRIFDVHVZLWK
probable orofacial pain. Therefore, it was decided that all items that were considered
noncontributing to orofacial pain for this population were excluded. While the category
“facial activities” only lost a single item (namely, “opened mouth,” which was excluded
because this behavior is always present while eating), the category “vocalizations”
ZDV FRPSOHWHO\ H[FOXGHG DQG RI WKH FDWHJRULHV ŗERG\ PRYHPHQWVŘ DQG ŗVSHFLıF
behavior” only one item was maintained. These results suggest that the “chewing”
subscale of the OPS-NVI might be reduced to the remaining 6 items, which would
facilitate its use in daily practice.
The discrepancies in the intraobserver reliability between the two observers, as
shown in Tables 3 and 4, could be explained as follows. The instructions to the
REVHUYHUVZHUHWRıUVWVFRUHWKHSUHVHQFHRIGLĳHUHQWLWHPVRIEHKDYLRUUHJDUGOHVVRI
whether the observer thought it was related to orofacial pain. Looking at, for example,
WKH ıUVW FDWHJRU\ QDPHO\ ŗIDFLDO DFWLYLWLHVŘ 4  WR 4  LW LQGLFDWHV EHKDYLRU WKDW
can also be present during masticatory movement without pain. This complicates
the observations considerably. Within this context, when observing this behavior,
WKHGLĳHUHQWREVHUYHUVDSSDUHQWO\VKRZHGDGLĳHUHQWVHQVLWLYLW\IRUWKHPRUHVXEWOH
facial movements, which show that the scoring of the OPS-NVI items is based on a
VXEMHFWLYHLQWHUSUHWDWLRQRIREVHUYHGEHKDYLRU7RLPSURYHWKHUHOLDELOLW\DGLĳHUHQW
set of instructions, for example, pictures of frowning and nonfrowning individuals that
JXLGHWKHGHFLVLRQWR QRW VFRUHWKLVVSHFLıFLWHPFRXOGEHGHYHORSHG
From 84 people, two video fragments were available, because the clips were recorded
as part of the STA-OP!-protocol and were therefore obtained at baseline and after 3
months [10]. It could be argued that this could have created observer bias within this
VWXG\WKDWLVWKHSDLQVFRUHFRXOGKDYHEHHQEDVHGRQUHFROOHFWLRQRISUHYLRXVıOP
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clips featuring the same person rather than on independent observations. This could
have led to an overestimation of reliability. However, the time between both recordings
ZDVUHODWLYHO\ORQJ7DNLQJWKLVLQWRDFFRXQWDORQJZLWKWKHĲXFWXDWLQJQDWXUHRIPRVW
painful conditions, it was therefore decided that even though a person featured twice
in the database, both clips could be considered as independent of each other.
4.1. STRENGTHS AND LIMITATIONS

A strength of the present study is the large number of video clips (n = 237) included in
the sample, which contributed greatly to the power of the study. Furthermore, not only
GLGXVLQJYLGHRFOLSVSURYLGHDQHĴFLHQWZD\WRFROOHFWDORWRIGDWDLQDVKRUWSHULRGRI
WLPHEXWDOVRLWRĳHUHGWKHSRVVLELOLW\RIDVVHVVLQJWKHLQWUDREVHUYHUUHOLDELOLW\ZKLFK
would otherwise have been impossible.
A limitation might be that observing video clips is not the same as real-life observation.
Although most clips were at most 5 minutes long, it is still a limited period of time.
7KLVPD\KDYHUHVXOWHGLQWKHREVHUYHGERWWRPDQGFHLOLQJHĳHFWV/LIHREVHUYDWLRQ
over a longer period, that is, during the course of the entire meal, may have yielded a
more accurate estimate of the presence of orofacial pain during mastication. However,
longer observations create the risk of making the OPS-NVI more impractical to use
DQGPRUHGLĴFXOWWRLPSOHPHQWRQDODUJHVFDOH7KLVVWXG\FRXOGDOVRKDYHEHQHıWHG
from additional observers, since clear discrepancies between the ICC scores of
observer 1 and observer 2, the former ranging from fair-to-good to excellent and the
latter from poor to fair-to-good. The lack of a control group with subjects matched for
age but without cognitive decline is also a potential limitation: in this study, establishing
the presence and intensity of orofacial pain in the included subject is confounded
QRWRQO\E\WKHXVHRIDQRYHOWRROEXWDOVRE\WKHIDFWWKDWWKHVXEMHFWVXĳHUVIURP
severe cognitive decline. By including a control group, the latter will no longer be a
confounding factor. It is therefore suggested that future studies into the reliability and
validity of the OPS-NVI include a control group.

143

5

CHAPTER 5

4.2. IMPLICATIONS

This study was performed to contribute to the reliability assessment of the “chewing”
part of the OPS-NVI and also to its development as a whole. In the process of
assessing the interobserver and intraobserver reliability, it was found that a total of
ten items could be excluded from this subscale of the OPS-NVI, which makes it more
concise and easier to use. Additional reliability assessments are required for the other
subscales of the OPS-NVI (namely, resting, drinking, and oral hygiene). Following this,
validity of the tool will also need to be assessed.
4.3. CONCLUSION

The Orofacial Pain Scale for Non-Verbal Individuals (OPS-NVI) is developed to
improve the recognition of the presence and intensity of orofacial pain. In this study,
it was used to assess pain in older people with dementia during their meal, for
which the “chewing” subscale of the OPS-NVI was used. The categories within the
“chewing” subscale of the OPS-NVI have a fair-to-good to excellent interobserver and
intraobserver reliability. The outcomes stress the need for further assessment of the
reliability of the OPS-NVI in subjects with more severe orofacial pain.
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CHAPTER 6

ABSTRACT
Objective: The aim of this study was to describe the psychometric evaluation of the

Orofacial Pain Scale for Non-Verbal Individuals (OPS-NVI) as a screening tool for
orofacial pain in people with dementia.
Background: The OPS-NVI has recently been developed and needs psychometric

evaluation for clinical use in people with dementia. The pain self-report is imperative as
a reference standard and can be provided by people with mild-to-moderate cognitive
impairment.
Methods: The presence of orofacial pain during rest, drinking, chewing and oral

hygiene care was observed in people with mild cognitive impairment (MCI) and
dementia using the OPS-NVI. Participants who were considered to present a reliable
self-report were asked about pain presence, and in all participants, the oral health
was examined by a dentist for the presence of potential painful conditions. After itemreduction, inter-rater reliability and criterion validity were determined.
Results: The presence of orofacial pain in this population was low (0%-10%), resulting

in an average Positive Agreement of 0%-100%, an average Negative Agreement of
DVHQVLWLYLW\RIDQGDVSHFLıFLW\RIIRUWKHLQGLYLGXDO
items of the OPS-NVI. At the same time, the presence of oral problems, such as
ulcers, tooth root remnants and caries was high (64.5%).
Conclusion: The orofacial pain presence in this MCI and dementia population was low,

resulting in low scores for average Positive Agreement and sensitivity and high scores
IRUDYHUDJH1HJDWLYH$JUHHPHQWDQGVSHFLıFLW\7KHUHIRUHWKH23619,LQLWVFXUUHQW
form cannot be recommended as a screening tool for orofacial pain in people with MCI
and dementia. However, the inter-rater reliability and criterion validity of the individual
items in this study provide more insight for the further adjustment of the OPS-NVI for
diagnostic use. Notably, oral health problems were frequently present, although no
pain was reported or observed, indicating that oral health problems cannot be used
as a new reference standard for orofacial pain, and a regular oral examination by care
providers and oral hygiene care professionals remains indispensable.
Keywords: cognitive impairment; dementia; dentistry; orofacial pain; pain assessment
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1 INTRODUCTION

Pain is common in older people with cognitive impairment or dementia and is
experienced regularly by ~50% [1]. As higher age is a risk factor for both pain and
dementia, a high prevalence of pain in people with dementia is not surprising [2-4].
However, pain in older persons with dementia is likely to be underdiagnosed and
undertreated [5, 6]. Pain can be a source of distress and discomfort, reducing quality
of life [7]. Consequently, an improvement in pain assessment is important to optimize
pain treatment [8, 9].
A common, but often overlooked type of pain in older people is orofacial pain. The
prevalence of oral pain in older people in the last 4 weeks varies between 22.0% and
37.2% in the general population [10-12] and was 18.5% in a nursing home sample
[13]. With the improvement of prevention of oral disease and professional dental care,
the number of older people with a natural dentition is increasing [14]. This increase
also applies to older people with dementia. However, as a result of the decrease in
FRJQLWLYHIXQFWLRQDQGPRWRUVNLOOVLQGHPHQWLDDGHFUHDVHLQVHOIƢFDUHPLJKWWDNH
place, thus complicating oral hygiene care [15] Consequently, people with dementia
KDYHVLJQLıFDQWO\PRUHRUDOKHDOWKSUREOHPVWKDQROGHUSHRSOHZLWKRXWGHPHQWLDDQG
a higher prevalence of orofacial pain can be expected [16].
The assessment of orofacial pain in dementia is challenging, especially in people
with aphasia or dysphasia, which is common in the advanced stage of some types
of dementia, for example Alzheimer’s disease (AD) [7, 17]. Until recently, there has
been no observational instrument for the assessment of orofacial pain in people
with dementia or other forms of cognitive impairment, although such a tool would
enable a better recognition and, subsequently, treatment of orofacial pain in people
with aphasia or dysphasia [18, 19]. As part of the international “Pain Assessment in
,PSDLUHG&RJQLWLRQŘ 3$,& PHWDƢWRRO>@WKH2URIDFLDO3DLQ6FDOHIRU1RQƢ9HUEDO
,QGLYLGXDOV 236Ƣ19, KDVEHHQGHYHORSHG7KHDLPRIWKLVDUWLFOHZDVWRGHVFULEH
WKHSV\FKRPHWULFHYDOXDWLRQRIWKH236Ƣ19,DVDVFUHHQLQJWRROIRURURIDFLDOSDLQLQ
people with dementia.
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2 METHODS
2.1 STUDY DESIGN

This study was part of the PainDemiA study, and the data were collected between
April 2014 and December 2015. The study protocol was approved by the Medical
Ethic Review Committee of the VU Medical Center (approval number NL 43861.029.13)
and was described in a previous article [22]. The power analysis was based on the
primary objective of the PainDemiA study, viz., to determine the prevalence of pain in
dementia subtypes and resulted in a target number of 384 participants [22].
7KLV REVHUYDWLRQDO FURVVƢVHFWLRQDO VWXG\ ZDV FDUULHG RXW WR SV\FKRPHWULFDOO\
HYDOXDWH DQG DGDSW WKH 2URIDFLDO 3DLQ 6FDOH IRU 1RQƢ9HUEDO ,QGLYLGXDOV 236Ƣ19, 
7KHSV\FKRPHWULFHYDOXDWLRQLQFOXGHVWKHLQWHUƢUDWHUUHOLDELOLW\DQGFULWHULRQYDOLGLW\
7KHLQWUDƢUDWHUUHOLDELOLW\RIWKHFRPSRQHQWŗFKHZLQJŘKDVEHHQGHWHUPLQHGLQDQRWKHU
VWXG\>@7RGHWHUPLQHWKHFULWHULRQYDOLGLW\WKHSDLQVHOIƢUHSRUWZDVLPSHUDWLYHDVD
UHIHUHQFHVWDQGDUG>@7KHUHIRUHSDUWLFLSDQWVZLWKPLOGƢWRƢPRGHUDWHFRJQLWLYH
impairment were also involved in this study [17].
2.2 SETTING AND PARTICIPANTS

7KHSDUWLFLSDQWVZHUHUHFUXLWHGLQGLĳHUHQWVHWWLQJVWRLQFOXGHSDUWLFLSDQWVZLWKPLOG
FRJQLWLYH LPSDLUPHQW 0&,  DQG GLĳHUHQW VXEW\SHV DQG VWDJHV RI GHPHQWLD 7KH
examined subtypes of dementia were AD, Vascular Dementia (VD), Frontotemporal
Dementia (FTD) and Dementia with Lewy Bodies (DLB). The stages of dementia
ZHUHUHĲHFWHGE\PLOGPRGHUDWHDQGVHYHUHFRJQLWLYHLPSDLUPHQW7KHUHFUXLWPHQW
took place at the outpatient memory clinics at the Center of Geriatric Medicine
Amsterdam (COGA), VU Medical Centre (VUmc), at the Geriatric outpatient clinic
(BACO), Amstelland Hospital, and at 10 nursing homes of Amstelring, Cordaan and
Zonnehuisgroep Amstelland in Amsterdam and the surrounding area. Inclusion criteria
were aged 60 years or older, a diagnosis of MCI or dementia, and a signed informed
consent form by the participants or their legal representative. Exclusion criteria were
primarily mentally disabled persons who subsequently developed dementia and no
signed informed consent or cooperation.
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In the outpatient memory clinics at the hospitals, MCI or dementia diagnosis was
established by a multidisciplinary team of medical doctors, nurses, neuropsychologists
and neurologists, based on the National Institute of Neurological and Communicative
Disorders and Stroke (NINCDS) and the Alzheimer’s Disease and Related Disorders
Association (ADRDA) criteria for Alzheimer dementia,26 the National Institute of
Neurological Disorders and Stroke Association (NINDS) and Association Internationale
pour la Recherché et l’Enseignement en Neurosciences (AIREN) criteria for vascular
dementia [27] the revised criteria for frontotemporal dementia [28] and the revised
criteria for dementia with Lewy bodies [29]. At the nursing homes, the formal dementia
diagnosis in the medical chart was used, which was usually based on the Diagnostic
DQG6WDWLVWLFDO0DQXDORI0HQWDO'LVRUGHUV '60Ƣ,9 FULWHULDIRUGHPHQWLD>@
The demographic characteristics age, gender and educational level were derived
from the medical records. The medication use was derived from the medication list
RIWKHSDUWLFLSDQWVDQGWKHXVHRIDQDOJHVLFVDQGDQWLSV\FKRWLFVZDVLGHQWLıHGZLWK
WKH$QDWRPLFDO7KHUDSHXWLF&KHPLFDO $7& &ODVVLıFDWLRQ6\VWHP :+2 $QDOJHVLFV
included paracetamol (N02B), NSAID’s (M01A) and opioids (N02A) and antipsychotics
LQFOXGHGDQWLƢHSLOHSWLFV 1 SV\FKRHOHSWLFV 1 DQGSV\FKRDQDOHSWLFV 1 
2.3 MEASURES

6

2.3.1 OROFACIAL PAIN

The presence of orofacial pain was observed with the Dutch version of the Orofacial
3DLQ6FDOHIRU1RQƢ9HUEDO,QGLYLGXDOV 236Ƣ19, 7KLVWRROZDVEDVHGRQJHQHUDOLWHPV
RIWKH3DLQ$VVHVVPHQWLQ,PSDLUHG&RJQLWLRQ 3$,& PHWDƢWRRO>@DQGVSHFLıFLWHPV
IRURURIDFLDOSDLQVXJJHVWHGE\/REEH]RRHWDO>@0RUHVSHFLıFDOO\WKHVHOHFWLRQRI
WKHIDFLDOLWHPVIURPWKH3$,&PHWDƢWRROIRUWKH236Ƣ19,WRROZDVEDVHGRQSUHYLRXV
studies on the action units (AU) of the Facial Action Coding System (FACS) and
included frowning (AU 4), narrowing or closing eyes (AU 6/7), raising upper lip (AU
9/10), opened mouth (AU 25/26/27) and tightened lips [31-35]. Furthermore, the items
resisting care, guarding, rubbing and restricting jaw movement were added following
a review of the literature on the diagnosis of orofacial pain of people with cognitive
impairment [18]. The item drooling was added, because production of more saliva
might be related to the presence of pain [36]. In addition, the items restlessness,
XVLQJ RĳHQVLYH RU SDLQƢUHODWHG ZRUGV VFUHDPLQJVKRXWLQJ JURDQLQJ DQG UHIXVLQJ
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SURVWKHWLFVZHUHDGGHGDIWHUHYDOXDWLRQRIWKH236Ƣ19,LWHPVE\H[SHUWVIURPWKH
(8Ƣ&267 $FWLRQ 7'  ŗ3DLQ $VVHVVPHQW LQ 3DWLHQWV ZLWK ,PSDLUHG &RJQLWLRQ
especially Dementia” (http://www.cost-td1005.net) and from the Dutch Association for
*HURGRQWRORJ\ 1HGHUODQGVH9HUHQLJLQJYRRU*HURGRQWRORJLH19*G 7KHIRUZDUGƢ
EDFNZDUGWUDQVODWLRQRIWKH3$,&PHWDƢWRRODQGWKH236Ƣ19,WRROLQWR'XWFKWRRN
place in parallel, following the approach of the Guideline for Establishing Cultural
Equivalence of Instruments [20, 21].
7KH236Ƣ19, $SSHQGL[6 KDVFRPSRQHQWVŗUHVWŘŗGULQNLQJŘŗFKHZLQJŘDQGŗRUDO
hygiene care.”. Dentate participants are observed during “rest” and all 3 activities,
whereas edentulous participants are only observed during “rest” and “chewing,”
because no pain during drinking or tooth brushing is expected in participants without
a natural dentition. Each component consists of 4 main subscales: facial activities,
ERG\PRYHPHQWVYRFDOLVDWLRQVDQGVSHFLıFRURIDFLDOSDLQƢUHODWHGEHKDYLRXU)DFLDO
expressions that are observed are “frowning,” “narrowing or closing eyes,” “raising
upper lip,” “opened mouth” and “tightened lips”. Body movements that are observed
are “resisting care,” “guarding,” “rubbing” and “restlessness.” Vocalisations that
DUH REVHUYHG DUH ŗXVLQJ RĳHQVLYH ZRUGVŘ ŗXVLQJ SDLQƢUHODWHG ZRUGVŘ ŗVFUHDPLQJ
VKRXWLQJŘ DQG ŗJURDQLQJŘ 7KH VSHFLıF RURIDFLDO SDLQƢUHODWHG EHKDYLRXU LWHPV DUH
“restricting jaw movement,” “refusing prosthetics” and “drooling.”. For each item, the
observer indicated “Yes, I saw this behaviour” or “No, I did not see this behaviour.”.
After observation of the aforementioned behaviour, an estimation of pain intensity
is made by the observer for rest and for each activity, scored on a Numeric Rating
Scale from 0 to 10, at which 0 is no pain and 10 the worst pain imaginable. A value
of 1 or higher is considered as observed pain presence.
Participants who were able to communicate about pain were asked about the
presence of pain (yes or no) directly after the observation of each activity.
2.3.2 COGNITIVE STATUS

7KH FRJQLWLYH IXQFWLRQLQJ RI WKH SDUWLFLSDQWV ZDV PHDVXUHG ZLWK WKH 0LQLƢ0HQWDO
State Examination (MMSE) [37] by a nurse at the VU Medical Center and by a
neuropsychologist at the Amstelland Hospital and the nursing homes. Participants
with an MMSE score of 14 or higher were considered to present a reliable pain
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VHOIƢUHSRUW7KHUHIRUHRQO\WKHSDLQVHOIƢUHSRUWVRIWKHVHSDUWLFLSDQWVZHUHXVHGIRU
further analysis [17].
2.3.3 ORAL HEALTH

In all participants, a standardized oral health examination took place by a dentist
(SD) experienced in geriatric dentistry. The main target variables for this study were
potential causes of orofacial pain which could be examined in all participants, such
DVSUHVVXUHXOFHUVDVDUHVXOWRILOOƢıWWLQJGHQWXUHVWRRWKURRWUHPQDQWV RUUHWDLQHG
roots), coronal caries and root caries. Other sources of orofacial pain, such as
neuropathic pain and temporomandibular pain were also examined, but not involved
LQWKHSV\FKRPHWULFHYDOXDWLRQEHFDXVHLWFRXOGQRWEHGHWHUPLQHGLQQRQƢYHUEDO
participants [22].
2.4 PROCEDURE

7KHREVHUYHUVUHFHLYHGWUDLQLQJLQWKHXVHRIWKH236Ƣ19,E\RQHRIWKHGHYHORSHUV
(SD), who was also involved in the observations.
In the hospital setting, participants received the informed consent letter by mail before
they visited the memory clinic. During their visit, they were given the opportunity to
ask questions and were asked to sign the informed consent letter. If necessary, the
relatives of the participant were involved in the consent procedure. The research,
LQFOXGLQJREVHUYDWLRQXVLQJWKH236Ƣ19,SDLQVHOIƢUHSRUWDQGRUDOKHDOWKH[DPLQDWLRQ
took place after the regular memory screening day. First, participants were observed
during rest and subsequently asked to execute the following activities: drinking,
chewing and oral hygiene care. Meanwhile, observation of the behaviour and an
estimation of the pain intensity by the observer(s) took place. The activities were
performed under standardized instructions and standardized circumstances. For the
DFWLYLW\ŗGULQNLQJŘFROGWDSZDWHURIƢƓ&ZDVREWDLQHGVKRUWO\EHIRUHGULQNLQJ
For “chewing,” participants were asked to chew on a standard chewing gum for 1
minute [38]. For “oral hygiene care,” participants were asked to brush their teeth with
a standard brush (Oral B, Procter & Gamble, OH, USA). Directly after each activity
and observation, verbal participants were asked whether they experienced any pain,
DQGWKLVZDVVFRUHG\HVRUQR)ROORZLQJWKHSDLQREVHUYDWLRQVDQGVHOIƢUHSRUWVRI
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all activities, the oral health examination took place. The MMSE was recorded by the
nurse as part of the regular memory screening.
For the nursing home participants, written informed consent by the legal representative
and cooperation from the participant were required. The participants were visited by
the observers and the research dentist (SD) at the nursing homes for the observation
XVLQJ WKH 236Ƣ19, SDLQ VHOIƢUHSRUW DQG RUDO KHDOWK H[DPLQDWLRQ ,I SRVVLEOH WKH
same procedure was followed as in the hospital setting. If participants were not able
to follow instructions, they were observed during drinking and eating their regular
meal. In case participants were not able to brush their own teeth, they were brushed
by a care provider or the research dentist. The MMSE was recorded by a research
neuropsychologist within the same week [22].
2.5 STATISTICAL ANALYSIS
2.5.1 ITEM REDUCTION

Firstly, the amount of missing scores was examined, and more than 15% missing
scores for an item was considered not acceptable [24]. Secondly, the distribution of
item scores was examined. If an item occurred in less than 1% or more than 40%
of the cases, it was excluded, because the discriminative power of the item was
considered too low.
2.5.2 INTER RATER RELIABILITY

Whenever two observers were available, the participants were observed by the two
REVHUYHUVDWWKHVDPHPRPHQW7KHLQWHUƢUDWHUUHOLDELOLW\SHULQFOXGHGEHKDYLRXULWHP
and observed pain presence of two observers was determined with the average
Positive Agreement, calculated by the formula: PA = 2a/(2a + b + c) and the average
Negative Agreement, calculated by the formula: NA = 2d/(2d + b + c), where a
indicates a positive score for both observations, b and c indicate disagreement
between the observations and d indicates a negative score for both observations
>@$QDYHUDJH3$RU1$EHORZZDVFRQVLGHUHGDQLQVXĴFLHQWVFRUH
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2.5.3 CRITERION VALIDITY

7KHFULWHULRQYDOLGLW\RIWKH236Ƣ19,ZDVGHWHUPLQHGE\FRPSDULQJWKH236Ƣ19,SDLQ
REVHUYDWLRQVZLWKWKHUHIHUHQFHVWDQGDUGWKHUHOLDEOHSDLQVHOIƢUHSRUWV 006(VFRUH
Ɗ >@7KHFURVVƢWDEXODWLRQRIWKHSDLQREVHUYDWLRQDQGWKHSDLQVHOIƢUHSRUWZDV
reported, including True Positives (TP), False Positives (FP), False Negatives (FN) and,
7UXH1HJDWLYHV 71 ,QDGGLWLRQWKHVSHFLıFLW\RU7UXH1HJDWLYH5DWHZDVFDOFXODWHG
by the formula SPC = TN/(TN + FP), and the sensitivity or True Positive Rate of the
items was calculated by the formula: SEN = TP/(TP + FN) [24, 25].
The outcomes of the oral health examination were compared with the reference
VWDQGDUGWKDWLVWKHUHOLDEOHSDLQVHOIƢUHSRUWV 006(VFRUHƊ WRGHWHUPLQHLIWKH
oral health examination could be used to construct a new reference standard for
RURIDFLDOSDLQLQSDUWLFLSDQWVZKRZHUHQRWDEOHWRGHOLYHUDUHOLDEOHSDLQVHOIƢUHSRUW
(MMSE <14) [24, 25].
The statistical analysis was performed using IBM Statistics SPSS 23 (SPSS Inc.,
Chicago, IL, USA).
3 RESULTS

6

3.1 PARTICIPANTS

)LJXUH  VKRZV WKH QXPEHUV RI SDUWLFLSDQWV LQ GLĳHUHQW VWDJHV RI WKH VWXG\ IRU
the outpatient clinics and the nursing homes. In the outpatient clinic, 264 people
were approached for participation, 203 signed the informed consent letter and
153 participated. The main reasons for refusal were the burden people expected
participation to cost. Exclusion took place if people did not turn out to have a MCI
or dementia diagnosis after the screening day at the memory clinic. Furthermore,
some people intended to participate at the beginning, but were too tired at the end
of the screening day.
The legal representatives of 679 nursing home residents were sent an information and
consent form, but 252 of them did not respond and 208 of them refused participation.
The main reason for refusal was the expected burden for the participants, especially
for people with more advanced dementia. Of the 219 people with signed informed
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consent letters, 197 participated in the dental research. A number of 22 people turned
out to have no dementia diagnosis, moved or passed away.

Figure 1: Flow chart of participant inclusion.

3.2 DESCRIPTIVE DATA

Table 1 shows that in total, 348 people participated, with a mean (SD) age of 83.2
 DQGDPHGLDQ ,45 006(RI Ƣ RIZKRPZDVZRPHQDQG
60.5% was (partially) dentate. Within this group, 45 participants had MCI and 303
participants had dementia. The mean age of these groups was 80.4 (5.6) and 83.6
 DQGWKHPHGLDQ ,45 006(ZDV Ƣ DQG Ƣ SRLQWV
respectively. 179 (=67.0%) participants had an MMSE score of 14 or higher and
ZHUHFRQVLGHUHGWREHDEOHWRSURYLGHDUHOLDEOHSDLQVHOIƢUHSRUW7KHPHDQDJHRI
WKLVJURXSZDV  DQGWKHPHGLDQ ,45 006(ZDV Ƣ SRLQWV
Concerning medication use, 119 (=36.0%) participants used analgesics and 129
(=39.0%) used antipsychotics.
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Table 1: Characteristics of the participants
MCI (N= 45)

Dementia (N= 303) Total (N= 348)

Age, mean (SD)

80.4 (5.6)

83.6 (6.3)

83.2 (6.3)

Women, N(%)

25 (55.6%)

205 (67.2%)

230 (65.7%)

45 (29.4%)

108 (70.6%)

153 (43.7%)

Nursing home

0 (0.0%)

197 (100.0%)

197 (56.3%)

Education, median years (IQR)

11.0 (9.0-13.3)

10.0 (8.0-12.0)

10.0 (8.0-12.0)
18.0 (10.0-24.0)

Setting
Outpatient clinic

MMSE score
Median (IQR)

27.0 (25.8-28.0)

17.0 (6.0-22.0)

Ɗ1 

44 (100.0%)

135 (60.5%)

179 (67.0%)

< 14, N(%)

0 (0.0%)

88 (39.5%)

88 (33.0%)

Analgesics

9 (22.0%)

110 (37.9%)

119 (36.0%)

Antipsychotics

8 (19.5%)

121 (41.7%)

129 (39.0%)

39 (86.7%)

171 (56.1%)

210 (60.5%)

Dental status
Dentate, N(%)

MCI: mild cognitive impairment, MMSE: Mini Mental State Examination.
Analgesics include paracetamol (N02B), NSAID’s (M01A), and opioids (N02A).
Antipsychotics include antiepileptics (N03), psychoeleptics (N05), and psychoanaleptics (N06).

Figure 2 shows the number of single and double observations for “rest,” “drinking,”
ŗFKHZLQJŘ DQG ŗRUDO K\JLHQH FDUHŘ XVLQJ WKH 236Ƣ19, WKH QXPEHU RI VHOIƢUHSRUWV
from participants with an MMSE score of 14 or higher, and the number of oral health
examinations. The maximum number of single observations was 348, the maximum
QXPEHURIGRXEOHREVHUYDWLRQVZDVDQGWKHPD[LPXPQXPEHURIVHOIƢUHSRUWV
was 179, all for rest. In total, 322 oral health examinations took place.
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Figure 2: Number of single observations, double observations and oral health examinations.
Notes: Dentate participants were observed during Rest, Drinking, Chewing and Oral care, while edentate
participants were only observed during Rest and Chewing. Whenever two observers were available, the
participants were observed by the two observers at the same moment. Only the self- reports of participants
with an MMSE score of 14 points or higher were used

3.3 ITEM REDUCTION

7DEOHVKRZVWKHSURSRUWLRQRISRVLWLYHREVHUYDWLRQVRIWKH236Ƣ19,LWHPV7KHUH
were no items with more than 15% missing scores, while there were 4 items for “rest,”
4 items for “drinking,” 4 items for “chewing” and 3 items for “oral hygiene care” that
occurred in less than 1% or more than 40% of the cases. Those items were therefore
excluded for further analysis for the concerning activities. As a consequence, the
LWHPŗXVLQJRĳHQVLYHZRUGVŘZDVH[FOXGHGIRUDOOFRPSRQHQWVRIWKH236Ƣ19,,Q
FRQWUDVWLWHPVZHUHLQFOXGHGIRUDOOFRPSRQHQWVRIWKH236Ƣ19,7KHH[SHFWHG
SDLQSUHYDOHQFHIURPREVHUYDWLRQXVLQJWKH236Ƣ19,LQWKLVSRSXODWLRQZDVƢ
IRU ŗUHVWŘ Ƣ IRU ŗGULQNLQJŘ Ƣ IRU ŗFKHZLQJŘ DQG Ƣ IRU ŗRUDO
hygiene care.”

160

Item

7

127

71

Raising upper lip

Opened mouth

Tightened lips

13

13

Using pain-related words

Screaming/ shouting

Groaning

2

Drooling

0

1

1

n/a

4

4

0

1

1

n/a

5

10

2

0

37

16

12

n/a

28

47

3

13

28

15

1

1

n/a

4

7

2

0

27

12

9

n/a

21

35

2

10

21

11

8

0

2

8

2

0

0

11

3

3

2

71

n/a

7

38

50

18

N

2
0
5

1
0
4

1
4

1
4

0
1

0
0

2
7

2
6

2
2

22

38
1

n/a

n/a

2

2

4

8

0

3

6

2

2

0

10

3

3

3

33

n/a

3

24

28

19
16

27
20

20

13

10

%

N

%

6

0

85

24

2

5

0

86

18

20

6

156

n/a

21

63

104

62

N

2

0

25

7

1

2

0

26

5

6

2

46

n/a

6

19

31

19

%

Items with less than 1% or more than 40% occurrence for observation 1 (OB1) are excluded from further analysis.

n/a

3

Restricting jaw movement

Refusing prosthetics

6SHFLıF

1

0

8VLQJRĳHQVLYHZRUGV

Vocalizations

7

23

99

Rubbing

Restlessness

28

5

n/a

16

Resisting care

n/a

21

37

2

9

16

4

Guarding

Body movements

56

32

Frowning

15

%

N

N

%

OB 1
(n=337)

Narrowing or closing eyes

Facial activities

NRS score 1 or higher

Estimated pain intensity

Chewing

OB 1
(n=187)

OB 1
(n= 348)

OB 2
(n=67)

Drinking
OB 2
(n= 136)

Rest

1
2

3

29

6

5

2

0

22

7

6

2

55

n/a

7

20

36

21

%

1

35

7

6

3

0

27

8

7

2

68

n/a

8

25

44

26

N

OB 2
(n=124)

49

n/a

11

17

2

4

0

12

3

5

7

23

n/a

18

68

64

38

N

OB 1
(n=171)

29

n/a

6

10

1

2

0

7

2

3

4

14

n/a

10.5

40

37

22

%

Oral care

12

n/a

5

8

0

1

1

4

0

3

6

5

n/a

6

18

25

19

N

OB 2
(n=55)

Table 2: Proportion of positive observations in number (=N) and percentage (%) for observation 1 (OB1) and observation 2 (OB2) at the same moment
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3.4 INTER-RATER RELIABILITY

7DEOHVKRZVWKHLQWHUƢUDWHUUHOLDELOLW\LQDYHUDJH3RVLWLYH$JUHHPHQW 3$ DQGDYHUDJH
Negative Agreement (NA) of the observed pain presence and included behaviour
LWHPV :KHQ VSHFLıFDOO\ ORRNLQJ DW WKH REVHUYHG SDLQ SUHVHQFH LQGLFDWHG E\ DQ
156VFRUHRUKLJKHU WKH1$VFRUHVZHUHƢZKLOHWKH3$VFRUHVZHUH
Ƣ+HUHRQO\WKH3$LQRUDOK\JLHQHFDUHZDVLQVXĴFLHQW)RUWKHEHKDYLRXU
LWHPVWKH1$ZDVWRZKLOHWKH3$ZDVLQVXĴFLHQWIRULWHPVLQŗUHVWŘ
items in “drinking,” 7 items in “chewing” and 6 items in “oral hygiene care”. In general,
the number of negative scores was high, and the number of positive scores was low.
3.5 CRITERION VALIDITY

7DEOHVKRZVWKHFURVVƢWDEXODWLRQRIWKHSDLQREVHUYDWLRQXVLQJWKH236Ƣ19,DQG
WKHSUHVHQFHRISDLQDFFRUGLQJWRWKHSDLQVHOIƢUHSRUWLQSDUWLFLSDQWVZLWKDQ006(
VFRUHRIRUKLJKHU7KHSDLQSUHVHQFHIURPWKHUHOLDEOHVHOIƢUHSRUWV 7UXH3RVLWLYHV
plus False Negatives) was 1% for rest, 0% for drinking, 10% for chewing and 3% for
RUDOK\JLHQHFDUH7KHVSHFLıFLW\RIREVHUYHGSDLQSUHVHQFHZDVƢZKLOH
WKHVHQVLWLYLW\ZDVƢ)RUWKHLQGLYLGXDOEHKDYLRXULWHPVWKHVSHFLıFLW\ZDV
between 66% and 100%, while the sensitivity showed the maximum variance of 0%
WR+RZHYHUWKHQXPEHURISDUWLFLSDQWVZLWKVHOIƢUHSRUWHGSDLQZDVEHORZ
for “rest,” “drinking,” and “oral hygiene care” and was 17 (=10%) for “chewing.”
7DEOHVKRZVWKHFURVVƢWDEXODWLRQRIWKHUHOLDEOHSDLQVHOIƢUHSRUWVDQGWKHSUHVHQFH
of potential painful conditions from the oral health examination, such as ulcers,
tooth root remnants and coronal and root caries. As stated before, the number of
SDUWLFLSDQWVZLWKVHOIƢUHSRUWHGSDLQZDVEHORZIRUWKHFRPSRQHQWVŗUHVWŘŗGULQNLQJŘ
DQG ŗRUDO K\JLHQH FDUHŘ 7KLV FURVVƢWDEXODWLRQ VKRZV WKDW PDQ\ XOFHUV WRRWK URRW
remnants, coronal caries lesions, and root caries lesions were present without pain
being reported. Therefore, the oral health examination could not be considered a
reference standard for the presence of pain and was not used as such for the group
of participants with an MMSE score below 14.
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99%

67%
57%

63

-

-

60

-

-

100% 100% 6
55%

64

2

-

13

3

2

1

-

22

3

58

99%

100% 100% 1
80%

64

-

-

2

10

27

14

63

77%

97%
-

0%
-

61

93%

95%

92%

-

86%
76%

45
47

64%

49

1

-

14

4

0

1

-

8

2

1

3

-

-

3

5

6

7

1

-

21

4

3

2

-

5

2

3

1

-

-

6

15

16

11

Oral care (n=39)

71% 87% 7
50% 90% 6

-

-

-

0

-

-

-

-

77% 93% 0

2

117 67% 99% 6

-

4

-

2
-

43% 80% 1

71
-

0

0

0

-

0

0

0

0

3

-

109 43% 96% 2

116 57% 99% 0

117 40% 99% 0

-

85

110 75% 98% 0

113 60% 98% 1

113 33% 98% 1

-

-

7

4

3

1

-

2

0

0

0

-

1

0

1

0

3

-

4

2

4

5

28

-

33

36

39

39

-

38

39

37

38

33

-

33

24

24

28

92%

-

92%

84%

86%

88%

NA

100%

100%

-

99%

100%

99%

71%

-

33%

92%

-

94%

100% 100%

-

-

-

0%

0%

67%

100% 100%

0%

-

0%

57%

64%

43%

y/y y/n n/y n/n PA

61% 91% 3

NA

110 31% 96% 0

91

72

89

Chewing (n=121)
y/y y/n n/y n/n PA

NA

Drinking (n=66)
y/y y/n n/y n/n PA

NA

y/y y/n n/y n/n

PA

Rest (n=135)

Table 3: Positive Agreement and Negative Agreement between observation 1 (OB1) and observation 2 (OB2) at the same moment
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Table 4: Cross tabulation of the pain observation with the OPS-NVI compared with the pain self-report
006(Ɗ
Item
Estimated pain
intensity

Rest n=179

Drinking n=117

TP

FP

FN

TN

Spc

Sen

TP

FP

FN

TN

Spc

Sen

NRS score
1 or higher

0
0%

2
1%

1
1%

176
98%

99%

0%

0
0%

2
2%

0
0%

115
98%

98%

0%

Frowning

0
0%

20
11%

1
1%

158
88%

89%

0%

0
0%

22
19%

0
0%

95
81%

81%

0%

Narrowing or
closing eyes

0
0%

8
4%

1 1%

170
95%

96%

0%

0
0%

17
15%

0
0%

100
85%

85%

0%

Raising upper lip

0
0%

3
2%

1
1%

175
98%

98%

0%

0
0%

3
3%

0
0%

114
97%

97%

0%

Opened mouth

0
0%

60
34%

1
1%

118
66%

66%

0%

-

-

-

-

-

-

Tightened lips

1
1%

31
17%

0
0%

146
82%

82%

100%

0
0%

32
27%

0
0%

85
73%

73%

0%

-

-

-

-

-

-

0
0%

0
0%

0
0%

117
100%

100% 0%

Guarding

0
0%

5
3%

1
1%

173
97%

97%

0%

0
0%

0
0%

0
0%

117
100%

100% 0%

Rubbing

0
0%

5
3%

1
1%

173
97%

97%

0%

0
0%

0
0%

0
0%

117
100%

100% 0%

Restlessness

1
1%

35
20%

0
0%

143
80%

80%

100%

0
0%

5
4%

0
0%

112
96%

96%

0%

8VLQJRĳHQVLYH
words

-

-

-

-

-

-

-

-

-

-

-

-

Using painrelated words

-

-

-

-

-

-

-

-

-

-

-

-

Screaming/
shouting

0
0%

1
1%

1
1%

177
99%

99%

0%

0
0%

0
0%

0
0%

117
100%

100% 0%

Groaning

0
0%

1
1%

1
1%

176
99%

99%

0%

0
0%

2
2%

0
0%

115
98%

98%

Restricting jaw
movement

-

-

-

-

-

-

0
0%

0
0%

0
0%

105
100%

100% 0%

Refusing
prosthetics

0
0%

0
0%

1
1%

152
85%

100% 0%

-

-

-

-

-

-

Drooling

0
0%

1
1%

1
1%

178
99%

99%

0
0%

1
1%

0
0%

116
99%

99%

0%

Facial activities

Body movements
Resisting care

Vocalizations

0%

6SHFLıF

0%

TP: True Positive, FP: False Positive, FN: False Negative, TN: True Negative, Spc 6SHFLıFLW\
Sen: Sensitivity
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Table 4: Continued
Item
Estimated pain
intensity

Chewing n=176

Oral care n=119

TP

FP

FN

TN

Spc

Sen TP

NRS score
1 or higher

9
5%

19
11%

8
5%

140
80%

88%

53%

Frowning

7
4%

43
24%

10
6%

116
66%

73%

Narrowing or
closing eyes

5
3%

21
12%

12
7%

138
78%

Raising
upper lip

2
1%

6
3%

15
9%

Opened mouth

-

-

-

FP

FN

TN

Spc

Sen

2
2%

15
13%

1
1%

101
85%

99%

12%

41%

2
2%

38
32%

1
1%

78
66%

67%

67%

87%

29%

2
2%

39
33%

1
1%

77
65%

66%

67%

153
87%

96%

12%

0
0%

13
11%

3
3%

103
87%

89%

0%

-

-

-

-

-

-

-

-

-

-

1
1%

12
10%

2
2%

102
87%

89%

33%

Facial activities

Tightened lips

-

-

-

-

-

Resisting care

0
0%

0
0%

159
17
10% 90%

100% 0%

1
1%

0
0%

2
2%

116
97%

100%

33%

Guarding

6
3%

6
3%

11
6%

153
87%

96%

35%

1
1%

1
1%

2
2%

115
97%

99%

33%

Rubbing

2
1%

7
4%

15
9%

152
86%

96%

12%

1 1%

0
0%

2
2%

116
97%

100%

33%

Restlessness

6
3%

34
19%

11
6%

125
71%

79%

35%

0
0%

6
5%

3
3%

110
92%

95%

0%

8VLQJRĳHQVLYH
words

-

-

-

-

-

-

-

-

-

-

-

-

Using painrelated words

3
2%

0
0%

14
8%

159
90%

100% 18%

2
2%

0
0%

1
1%

116
97%

100%

67%

Screaming/
shouting

0
0%

0
0%

17
159
10% 90%

100% 0%

0
0%

0
0%

3
3%

116
97%

100%

0%

Groaning

1
1%

5
3%

16
9%

153
87%

97%

6%

1
1%

4
3%

2
2%

112
94%

97%

33%

Restricting jaw
movement

4
2%

30
17%

13
7%

129
73%

81%

24%

0
0%

3
3%

3
3%

106
95%

97%

0%

Refusing
prosthetics

-

-

-

-

-

-

-

-

-

-

-

-

0
0%

4
2%

17
155
10% 88%

97%

0%

0
0%

33
28%

3
3%

83
70%

72%

0%

Body movements

Vocalizations

6

6SHFLıF

Drooling

TP: True Positive, FP: False Positive, FN: False Negative, TN: True Negative, Spc 6SHFLıFLW\
Sen: Sensitivity
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Table 5: &URVVWDEXODWLRQRIWKHSDLQVHOIUHSRUW 006(Ɗ DQGWKHRUDOKHDOWKH[DPLQDWLRQ
Pain reported by participant (yes/no)
Ulcer

Rest (n=177)

Drinking (n=121)

Chewing (n=175)

Oral care (n=120)

Pain yes Pain no Pain yes Pain no Pain yes Pain no Pain yes Pain no
Yes

0

25

0

8

6

19

1

8

No

1

151

0

107

11

139

2

108

Pain %
Root
remnants

0%

0%

Rest (n=131)

Drinking (n=117)

24%

11%

Chewing (n=129)

Oral care (n=122)

Pain yes Pain no Pain yes Pain no Pain yes Pain no Pain yes Pain no

Yes

0

29

0

25

1

28

1

24

No

1

101

0

92

6

94

2

94

Pain %
Coronal
caries

0%

0%

Rest (n=131)
Pain yes

Drinking (n=117)

3%

4%

Chewing (n=129)

Oral care (n=122)

Pain no Pain yes Pain no Pain yes Pain no Pain yes Pain no

Yes

0

48

0

48

0

48

0

No

1

82

0

69

7

74

3

Pain %
Root caries

0%

0%

Rest (n=131)

Drinking (n=117)

48
70

0%

0%

Chewing (n=129)

Oral care (n=122)

Pain yes Pain no Pain yes Pain no Pain yes Pain no Pain yes Pain no

Yes

0

35

0

34

1

33

0

33

No

1

95

0

83

6

89

3

85

Pain %
Disorder

0%

0%

Rest (n=129)

Drinking (n=121)

3%

0%

Chewing (n=127)

Oral care (n=120)

Pain yes Pain no Pain yes Pain no Pain yes Pain no Pain yes Pain no

Yes

0

55

0

68

3

69

1

67

No

1

73

0

47

4

51

2

49

Pain %

0%

0%

4%

1%

The pain % indicates the amount of participants with a positive score on the pain self-report in presence
of an oral disorder.

Although it was decided not to use the oral health examination as a reference standard
for the presence of pain, it is interesting to study the relation with the scores of the
236Ƣ19,REVHUYDWLRQLQWKLVSRSXODWLRQ7DEOHVKRZVWKHFURVVƢWDEXODWLRQRIWKHSDLQ
REVHUYDWLRQXVLQJWKH236Ƣ19,DQGWKHSUHVHQFHRISRWHQWLDOSDLQIXOFRQGLWLRQVIURP
WKHRUDOKHDOWKH[DPLQDWLRQLQSDUWLFLSDQWVZLWKDOO006(VFRUHV7KLVUHĲHFWVWKDWWKH
number of cases with a negative score on both pain observation and components of
the oral health examination is high. Furthermore, the proportion of positive pain scores
XVLQJWKH236Ƣ19,DVZHOODVSUHVHQFHRISRWHQWLDOSDLQIXOFRQGLWLRQVLVFRQVLGHUDEOH
In addition, many ulcers, tooth root remnants, coronal caries lesions and root caries
OHVLRQVDUHSUHVHQWLQFRPELQDWLRQZLWKDQHJDWLYHSDLQVFRUHRQWKH236Ƣ19,
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Table 6: Cross tabulation of the pain observation with the OPS-NVI and the oral health examination
Pain observed with the OPS-NVI (yes/no)
Ulcer

Rest (n=333)

Drinking (n=179)

Chewing (n=324)

Oral care (n=179)

Pain yes Pain no Pain yes Pain no Pain yes Pain no Pain yes Pain no
Yes

3

43

0

10

14

30

4

8

No

17

270

22

147

57

223

45

122

Pain %
Root
remnants

7%

0%

Rest (n=207)

32%

Drinking (n=185)

33%

Chewing (n=201)

Oral care (n=186)

Pain yes Pain no Pain yes Pain no Pain yes Pain no Pain yes Pain no

Yes

5

58

8

49

14

45

24

34

No

5

139

14

114

28

114

29

99

Pain %
Coronal
caries

8%

14%

Rest (n=207)

24%

Drinking (n=185)

41%

Chewing (n=201)

Oral care (n=186)

Pain yes Pain no Pain yes Pain no Pain yes Pain no Pain yes Pain no

Yes

7

87

15

78

18

74

30

No

3

110

7

85

24

85

23

Pain %
Root
caries

7%

16%

Rest (n=207)

20%

Drinking (n=185)

73
33%

Chewing (n=201)

Oral care (n=186)

Pain yes Pain no Pain yes Pain no Pain yes Pain no Pain yes Pain no

Yes

1

65

12

52

18

46

21

No

9

132

10

111

24

113

32

Pain %
Disorder

60

2%

19%

Rest (n=200)

28%

Drinking (n=178)

42
91
33%

Chewing (n=194)

Oral care (n=179)

Pain yes Pain no Pain yes Pain no Pain yes Pain no Pain yes Pain no

Yes

7

122

18

103

27

97

38

82

No

2

69

3

54

13

57

11

48

Pain %

5%

15%

22%

32%

OPS-NVI, Orofacial Pain Scale of Non-Verbal Individuals.
The pain % indicates the amount of participants with a positive score for the pain observation in presence
of an oral disorder.

4 DISCUSSION
4.1 KEY RESULTS AND INTERPRETATION

7KH 236Ƣ19, LV WKH ıUVW REVHUYDWLRQDO SDLQ VFDOH VSHFLıFDOO\ GHYHORSHG IRU WKH
DVVHVVPHQWRIRURIDFLDOSDLQLQQRQƢYHUEDOSHRSOH>@7KHDLPRIWKLVDUWLFOHZDVWR
DVVHVVWKHSV\FKRPHWULFSURSHUWLHVRIWKH236Ƣ19,DVDVFUHHQLQJWRROIRURURIDFLDO
pain in people with mild cognitive impairment (MCI) or dementia. The pain presence
EDVHGRQVHOIƢUHSRUWZDVORZ Ƣ UHVXOWLQJLQORZVFRUHVIRUWKHDYHUDJH3RVLWLYH
Agreement and sensitivity, and high scores for the average Negative Agreement and
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VSHFLıFLW\RIWKHLWHPVRIWKH236Ƣ19,)XUWKHUPRUHPDQ\SDUWLFLSDQWVKDGXOFHUV
tooth root remnants, coronal caries lesions and root caries, but no pain was reported
E\SDUWLFLSDQWVZKRZHUHFRQVLGHUHGWRSUHVHQWDUHOLDEOHVHOIƢUHSRUW RUREVHUYHG
(in all participants). Therefore, the oral health examination could not be used as a
reference standard for the presence of pain.
Remarkable is the fact that the items that seemed to be related to refusal or
DJJUHVVLRQYL]ŗUHVLVWLQJFDUHŘŗXVLQJRĳHQVLYHZRUGVŘŗVFUHDPLQJVKRXWLQJŘDQG
“refusing prosthetics,” had a very low number of positive observations. This may be
due to the lower probability of consent for participation to the study for people that are
considered to show challenging behaviour. The number of positive observation can
be expected to be higher if the number of participants with orofacial pain is higher.
:LWKUHVSHFWWRLQWHUƢUDWHUUHOLDELOLW\PRVWRIWKHLWHPVZLWKDORZ3$ZHUHSDUWRIWKH
activities “chewing” and “oral hygiene care”. This might be explained by the higher
GLĴFXOW\RIREVHUYLQJEHKDYLRXUGXULQJPRUHDFWLYHEHKDYLRXUHVSHFLDOO\IRUWKHIDFLDO
expressions, such as “narrowing or closing eyes,” “raising upper lip,” “tightened lips”
and “restricting jaw movements.” The observation of pain items during oral hygiene
FDUHKDVEHHQVKRZQWREHGLĴFXOWEHIRUH>@$VWXG\DERXWWKHPRXWKFDUHLWHP
RIWKH02%,'SDLQVFDOHVKRZHGWKDWSDLQƢUHODWHGEHKDYLRXUVXFKDVSDLQQRLVHV
IDFLDOH[SUHVVLRQVDQGGHIHQVHDQGGHPHQWLDƢUHODWHGEHKDYLRXUGXULQJRUDOK\JLHQH
care, could not be interpreted reliably by elderly care dentists [41].
The high number of true negatives and low number of true positives for pain
REVHUYDWLRQ FRPSDUHG ZLWK SDLQ VHOIƢUHSRUW FDQ EH H[SODLQHG E\ WKH ORZ SDLQ
SUHVHQFH Ƣ LQWKLVVDPSOH2QO\WKHVXEVFDOHŗFKHZLQJŘKDGPRUHWKDQ
cases in which pain was reported by participants. A point of concern is the relatively
KLJKQXPEHURIIDOVHQHJDWLYHVLQWKLVFRPSRQHQWRIWKH236Ƣ19,$VWKH236Ƣ19,
is developed for identifying orofacial pain, it is undesirable to miss a high proportion
of cases with pain. However, a sample with a higher presence of orofacial pain could
result in changes in the average positive and negative agreement of the items of the
236Ƣ19,>@
2QO\WKHSDLQVHOIƢUHSRUWRISDUWLFLSDQWVZLWKDQ006(VFRUHRIPLQLPDOO\ZDVXVHG
for the criterion validity, because persons with scores of 13 and lower may not be
DEOHWRSURYLGHYDOLGVHOIƢUHSRUWV>@+RZHYHULQSHRSOHZLWK DGYDQFHG GHPHQWLD

168

PSYCHOMETRIC EVALUATION OF THE OROFACIAL PAIN SCALE FOR NON-VERBAL INDIVIDUALS

pain is more likely to be underdiagnosed, because the ability to communicate about
pain is restricted as a result of loss of memory, insight and dysphasia [42].
To examine people with all MMSE scores, especially the ones with an MMSE score
below 14, the oral health examination was added to the validation process. When
H[DPLQLQJ WKH FURVVƢWDEXODWLRQ RI WKH SDLQ VHOIƢUHSRUW RI SDUWLFLSDQWV ZLWK D YDOLG
VHOIƢUHSRUW 006(RUKLJKHU DQGWKHRUDOKHDOWKH[DPLQDWLRQPDQ\SDUWLFLSDQWV
seemed to have potential painful conditions, such as ulcers, tooth root remnants,
FRURQDOFDULHVDQGURRWFDULHVEXWGLGQRWH[SUHVVSDLQGXULQJWKHSDLQVHOIƢUHSRUW
Although the use of pain medication might play a role in the under reporting of pain,
WKHSDLQVHOIƢUHSRUWZDVDFURVVƢVHFWLRQDOPHDVXUHPHQWDQGWKHPHQWLRQHGFRQGLWLRQV
FRXOGFDXVHSDLQDQGRULQĲDPPDWLRQDWRWKHUPRPHQWV7KHUHIRUHDUHJXODURUDO
examination by care providers and oral hygiene care professionals remains necessary.
4.2 STRENGTHS AND LIMITATIONS

One of the strengths of this study is the large sample size, including participants
ZLWK0&,DQGSDUWLFLSDQWVLQGLĳHUHQWVWDJHVDQGLQYDULRXVVXEW\SHVRIGHPHQWLD
7REHDEOHWRREVHUYHGLĳHUHQWW\SHVRIRURIDFLDOSDLQSDUWLFLSDQWVZHUHREVHUYHG
during several oral activities, such as “drinking,” “chewing” and “oral hygiene care.”
Furthermore, the level of cognitive impairment was assessed with the MMSE, a widely
used instrument for the screening of cognitive function [37].
$PDMRUOLPLWDWLRQIRUWKHSV\FKRPHWULFHYDOXDWLRQRIWKH236Ƣ19,ZDVWKHORZSUHVHQFH
of orofacial pain in this study. This can partially be explained by the medication use
LQ PRUH WKDQ RQHƢWKLUG RI WKH SDUWLFLSDQWV ,Q DGGLWLRQ WKHUH ZDV WKH SRVVLELOLW\ RI
ELDVRIWKHREVHUYHUVGXHWRREVHUYDWLRQRIWKHGLĳHUHQWDFWLYLWLHVGLUHFWO\DIWHUHDFK
other. Another limitation is the low probability of consent for participation to the study
for people that are considered to show challenging behaviour, while this can be part
of pain behavior [8]. The presence of orofacial pain might have been higher if more
participants with challenging behaviour would have been included.
4.3 IMPLICATIONS

$GLĴFXOW\ZLWKWKHDVVHVVPHQWRISDLQLVWKDWDUHĲHFWLYHPRGHOLVXVHGIRUSDLQDVD
QRQƢREVHUYDEOHFRQVWUXFW>@%HKDYLRXULWHPVLQSDLQVFDOHVVXFKDVWKH236Ƣ19,
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FRXOGUHĲHFWSDLQEXWFRXOGDOVREHSDUWRI%HKDYLRXUDODQG3V\FKRORJLFDO6\PSWRPV
of Dementia (BPSD) [8]. However, in people with pain as well as BPSD, it is important
to examine the possible aetiology of the presented behaviour.
Our study population, which was representative of the target population, had a low
SUHVHQFHRIRURIDFLDOSDLQ Ƣ 7KHUHIRUHWKHXVHRIWKH236Ƣ19,DVDVFUHHQLQJ
WRRO IRU RURIDFLDO SDLQ LQ WKLV SRSXODWLRQ LV QRW MXVWLıHG +RZHYHU WKH HYDOXDWLRQ RI
WKHXVDELOLW\LQWHUƢUDWHUUHOLDELOLW\DQGFULWHULRQYDOLGLW\RIEHKDYLRXULWHPVIRUWKH
assessment of orofacial pain could be helpful for the further development of a
diagnostic tool for orofacial pain.
Moreover, the high presence of oral health problems without the presence of pain
indicates that regular oral examination by care providers and oral hygiene care
professionals remains necessary to evaluate oral health and detect potential (future)
VRXUFHVRISDLQGLVFRPIRUWRULQĲDPPDWLRQ(VSHFLDOO\DVWKHDELOLW\RISHRSOHZLWK
dementia to communicate about pain, as well as their treatability is expected to
decrease as the cognitive decline increases.
4.4 FUTURE RESEARCH

To further develop a diagnostic tool for the assessment of orofacial pain in people
with aphasia or dysphasia, it is necessary to assess more people with orofacial pain.
This should be done in a setting where orofacial pain is more likely to be present
than in the general population with dementia. It is suggested to assess the presence
RIRURIDFLDOSDLQE\PHDQVRIREVHUYDWLRQDQGVHOIƢUHSRUWGXULQJGULQNLQJDQGHDWLQJ
LQSDUWLFLSDQWVZLWKPLOGƢWRƢPRGHUDWHFRJQLWLYHLPSDLUPHQW 006(VFRUHƊ ZKR
have potential (future) sources of pain. Although a diagnostic observational tool for
RURIDFLDO SDLQ LV HVSHFLDOO\ GHVLUDEOH IRU SHRSOH ZLWK PRGHUDWHƢWRƢVHYHUH FRJQLWLYH
impairment (including those with an MMSE score below 14), criterion validity can
RQO\EHDVVHVVHGZKHQDUHOLDEOHSDLQVHOIƢUHSRUWDVUHIHUHQFHVWDQGDUGLVDYDLODEOH
006(VFRUHƊ >@)XUWKHUPRUHE\LQFOXGLQJRQO\SDUWLFLSDQWVZKHUHSRWHQWLDO
causes of orofacial pain are present, it is more likely participants with actual orofacial
pain will be included.
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5 CONCLUSION

From this study, it can be concluded that the orofacial pain presence in this MCI and
GHPHQWLDSRSXODWLRQZDVORZ Ƣ UHVXOWLQJLQORZVFRUHVIRUDYHUDJH3RVLWLYH
Agreement and sensitivity and high scores for average Negative Agreement and
VSHFLıFLW\7KHUHIRUHWKH236Ƣ19,LQLWVFXUUHQWIRUPFDQQRWEHUHFRPPHQGHGDV
a screening tool for orofacial pain in people with MCI and dementia. However, the
LQWHUƢUDWHUUHOLDELOLW\DQGFULWHULRQYDOLGLW\RIWKHLQGLYLGXDOLWHPVLQWKLVVWXG\SURYLGH
more insight for the further development of a diagnostic tool for orofacial pain in
people with aphasia or dysphasia.
Furthermore, it was concluded that oral health problems, such as ulcers, tooth root
remnants, coronal caries and root caries were frequently present, although no pain
was reported or observed. Because these conditions are potential (future) sources of
SDLQDQGLQĲDPPDWLRQDUHJXODURUDOH[DPLQDWLRQE\FDUHSURYLGHUVDQGRUDOK\JLHQH
care professionals remains indispensable.
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APPENDIX S1
THE OROFACIAL PAIN SCALE FOR NON-VERBAL INDIVIDUALS (OPS-NVI)
INSTRUCTIONS FOR USING THE OROFACIAL PAIN SCALE FOR NON VERBAL INDIVIDUALS
(OPS-NVI)

7KLVREVHUYDWLRQDOLQVWUXPHQWKDVEHHQFUHDWHGWRKHOSKHDOWKDQGFDUHVWDĳWRLGHQWLI\
and measure orofacial pain in nonverbal individuals.
Please read the instructions below carefully before use.
Instruction for the observer:

1. Fill in the general information
2. Observe the behavior of the client during the following activities: resting, drinking,
eating, and oral care
a. Observe each activity for 3 minutes or for the length of the activity
3. Complete one score sheet for each activity; this means 4 activities and 4 forms
a. Delete the type of activity as applicable
b. Complete the score sheet during, or as soon as possible after the observation
c. Score the 4 activities within 1 day
)RUHDFKLWHPWLFNRĳWKHDSSURSULDWHER[
a. Y=Yes, I saw this behavior
b. N= No, I did not see this behavior
c. N/A= Not Applicable; it was not possible to score this behavior, because the
client was not able to perform this behavior (notQRWYLVLEOH,QWKDWFDVHWLFNRĳ
“No”)
G)RUHDFKEHKDYLRUWLFNRĳRQHER[Ĩ
e. Correct a mistake by coloring the box of the wrongly marked answer n and tick
RĳWKHER[RIWKHFRUUHFWDQVZHUĨ
5. Rate the estimated pain intensity for each activity with a number between 0-10:
a. 0 is no pain and 10 is as bad as it possibly could be
b. Rate what you think is the experienced pain intensity
6. During observation nursery is not possible
.LULYHSPUZ[Y\J[PVUMVY[OLU\YZLY`Z[HɈ!

1. Explain clearly what is going to happen during oral care2.
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N/A1: Not applicable
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CHAPTER 7

ABSTRACT
Background: The number of people with dementia and natural dentition is growing.

As dementia progresses, the degree of self-care decreases and the risk of oral health
problems and orofacial pain increases.
Objectives: To examine and compare the presence of orofacial pain and its potential

causes in older people with Mild Cognitive Impairment (MCI) or dementia.
Methods: In this cross-sectional observational study, the presence of orofacial pain
and its potential causes was studied in 348 participants with MCI or dementia with
all levels of cognitive impairment in two outpatient memory clinics and ten nursing
homes.
Results: Orofacial pain was reported by 25.7% of the 179 participants who were

considered to present a reliable pain self-report (Mini Mental State Examination score
ƊSRLQWV ZKLOHLWFRXOGQRWEHGHWHUPLQHGIRUSHRSOHZLWKPRUHVHYHUHFRJQLWLYH
impairment. The oral health examination of the 348 participants indicated that potential
painful conditions such as coronal caries, root caries, tooth root remnants, or ulcers
ZHUH SUHVHQW LQ  7KHUH ZDV D VLJQLıFDQW FRUUHODWLRQ EHWZHHQ WKH OHYHO RI
cognitive impairment and the number of teeth, r= .185, p=.003, teeth with coronal
caries, r= -.238, p<.001, and the number of tooth root remnants, r=-.229, p=.004,
after adjusting for age.
Conclusions: This study indicated that orofacial pain and its potential causes were

frequently present in participants with MCI or dementia. Therefore, a regular oral
examination by (oral) healthcare providers in people with MCI or dementia remains
imperative, even if no pain is reported.
Keywords: aged; cognitive dysfunction; facial pain; geriatric dentistry; oral health;

toothache
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INTRODUCTION

The prevalence of dementia in people aged 60 years or older is 5-7% in most world
regions, and the number of people with dementia is expected to grow from 35.6
million in 2010 to 65.7 million in 2030 worldwide [1]. Dementia is characterized by a
decline in cognitive and motor functions. As dementia progresses, the degree of oral
hygiene self-care and oral healthcare utilization decreases, leading to more oral health
problems [2–4]. Simultaneously, oral health problems may cause or aggravate general
health problems, such as aspiration pneumonia, diabetes mellitus, and cardiovascular
disease [5-8]. Although the occurrence and mechanism of the association between
oral health and cognitive status remain inconclusive [9,10], some studies indicate that
WRRWKORVVDQGRUDOLQĲDPPDWLRQVSHFLıFDOO\SHULRGRQWDOGLVHDVHFRXOGEHUHODWHGWR
cognitive decline [11,12].
Although the number of people with dementia with natural dentition is increasing
and oral health problems can also play a role in the etiology of orofacial pain [13,14],
orofacial pain in dementia has been scarcely studied [15]. De Souza Rolim and
colleagues studied oral infections and orofacial pain in 29 people with mild Alzheimer’s
dementia and in 30 controls. The conclusion of that study was that orofacial pain and
periodontal disease were present more often in people with Alzheimer’s dementia
(20.7% myofascial pain and 20.7% severe periodontal disease) than in controls (6.7%
myofascial pain and 6.7% severe periodontal disease) [16].
To date, no large studies have been carried out on orofacial pain in older people
with Mild Cognitive Impairment (MCI) or dementia. The aim of the present study was
to examine and compare the presence of orofacial pain and its potential causes in
older people with MCI or dementia. The research questions were: (1) How frequent
is orofacial pain present in older people with MCI or dementia? (2) How frequent are
potential painful conditions, such as coronal caries, root caries, tooth root remnants,
or ulcers present in older people with MCI or dementia? (3) Is there a correlation
between the level of cognitive impairment and the number of teeth with coronal caries,
root caries, and tooth root remnants?
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MATERIAL AND METHODS
Study design, setting, and participants

This cross-sectional observational study describes the presence of orofacial pain
and its potential causes in older people with MCI or dementia.
The study population consisted of participants with MCI or dementia aged 60 years
or older, recruited at the outpatient memory clinics of the VU Medical Center and the
Amstelland hospital and at ten nursing homes. This study was part of the PainDemiA
study, of which the study protocol has been previously published [17]. The study
protocol was approved by the Medical Ethics Review Committee of the VU University
Medical Center Amsterdam (approval number NL 43861.029.13). The study data were
collected between April 2014 and December 2015. The study meets the STROBE
Guidelines.
The method for diagnosing (the subtype of) dementia was extensively described in the
study protocol [17]. The global cognitive functioning of the participants was assessed
with the Mini Mental State Examination (MMSE) [18] by a nurse at the VU Medical
Center and by a neuropsychologist at the Amstelland Hospital and the nursing homes.
The MMSE measures verbal and nonverbal episodic memory, visuoconstructive
capacities, and orientation in time and place, resulting in a maximum score of 30 [18].
In the outpatient memory clinics, 264 people were approached for participation, 203
signed the informed consent letter, and 153 participated. The main reason for refusal
was the (expected) burden of participation. Exclusion took place, if participants had
no MCI or dementia diagnosis.
The legal representatives of 679 nursing home residents were sent an information
and consent form, 252 of them did not respond, and 208 refused participation. The
main reason for refusal was the expected burden for the participants, especially for
those with more advanced dementia. Of the 219 people with signed informed consent
letters, 197 were examined and 22 people appeared to have no dementia diagnosis,
did not cooperate, had moved, or had passed away (Supplementary Figure 1).
In the outpatient memory clinic, the examination took place alongside the regular
screening day of the clinic, whereas nursing home residents were examined at their
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nursing home. First, all participants were observed for the presence of pain during
rest, drinking, chewing, and oral hygiene care. Second, the verbal participants were
asked if pain was present during these activities. Subsequently, the oral health
examination took place in all participants. The variables will be described in further
detail hereafter.

7

Supplementary Figure 1: Flow chart of participant inclusion.

Demographics and characteristics

The demographic characteristics age, gender, and educational level were derived
from the medical records. The oral characteristics were collected by one dentist (SD)
with a short, standardized interview with the participants in the memory clinics and
with the care providers in the nursing homes. The interview included questions about
the period since the last dentist visit (less than six months, six to twelve months,
or more than twelve months), tooth brushing frequency (less than once a day, one
time a day, two times a day, more than two times a day), degree of oral hygiene
care assistance (independent, assisted, by nurse), and experienced barriers of oral
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hygiene care, such as not opening the mouth or guarding (no, somewhat, yes). The
oral hygiene care assistance and the barriers experienced during oral hygiene care
were only determined in the nursing home participants.
Orofacial pain

The presence of orofacial pain during rest, drinking, chewing, and oral hygiene
care was observed in all participants using the Orofacial Pain Scale for Nonverbal
Individuals (OPS-NVI), by a dentist (SD) and trained research assistants [17,19,20].
:LWKWKH23619,IDFLDODFWLYLWLHVERG\PRYHPHQWVYRFDOL]DWLRQVDQGVSHFLıFRUDO
behaviors were observed and the presence of pain was estimated and scored on
a Numeric Rating Scale from 0 to 10, at which 0 is no pain and 10 the worst pain
imaginable [20]. A value of 1 or higher was considered as observed pain presence.
Verbal participants were asked about the presence of pain during rest, drinking,
eating, and oral hygiene care. Furthermore, sensory testing took place, including tests
with a cotton roll, brush, and probe at the three innervation areas of the trigeminal
QHUYH>@)RUWKHVHQVRU\WHVWLQJıUVWDFRWWRQUROOZDVXVHGWRPDNHWKUHHVWURNHV
of one to two centimeters on the left and right skin above the eyebrow (N.opthalmicus),
below the eye (N.maxillaris), and below the lower lip (N.mandibularis). Thereafter, the
test was repeated with a brush and a light pin prick with a dental probe [21]. Directly
after each test, the participant was asked if pain was present.
In addition, pain during active and guided mouth opening was examined. For the
active mouth opening, the participants were asked to open their mouths as far as
possible. During the guided mouth opening, the participants were asked to relax their
jaw as much as possible, while the dentist guided the mouth opening [22]. If pain
was reported, the guided mouth opening was stopped and the participants were
asked whether the pain was familiar to them [23]. People with an MMSE score of 14
or higher were considered to present a reliable pain self-report [24].
Oral health

A standardized oral health examination took place by a dentist experienced in geriatric
dentistry (SD), with a standard mouth mirror, sickle probe, and periodontal probe
(Carl Martin 973/14W, Germany) and a head light (Black Diamond, UT, USA). The
examination consisted of an extra-oral and intra-oral examination. The presence
RI DEQRUPDOLWLHV VXFK DV VZHOOLQJV XOFHUV DQG ıVWXODV ZDV UHFRUGHG 'XULQJ
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the intra-oral examination, the dental status was assessed, including missing and
restored teeth, coronal caries, root caries, and tooth root remnants (retained roots).
A participant was considered dentate if one or more natural teeth were present. In
teeth with caries profunda, additional examination, such as palpation, percussion, and
a sensitivity test with a cold cotton pellet, was performed. Furthermore, periodontal
health was assessed using the Dutch Periodontal Screening Index (DPSI), with a
'36,VFRUHLQGLFDWLQJKHDOWK\SHULRGRQWLXP'36,EOHHGLQJSRFNHWƉPP'36,
2 supra-or subgingival calculus, DPSI 3- pockets 4-5mm without recession, DPSI 3+
SRFNHWVPPZLWKUHFHVVLRQDQG'36,SRFNHWVƊPP>@,QDGGLWLRQWHHWK
with mobility grade 2 or 3 were registered, with grade 2 indicating mobility of 1-2mm
LQKRUL]RQWDOGLUHFWLRQDQGJUDGHLQGLFDWLQJKRUL]RQWDOPRELOLW\RIƊPPRUYHUWLFDO
mobility [26]. In dentate participants, the oral hygiene level was assessed using the
Plaque Index of Silness & Loë, with score 0 indicating no visible plaque, score 1
plaque adhering to the free gingival margin, which can only be seen using a dental
probe, score 2 moderate accumulation of plaque which can be seen with the naked
eye, and score 3 abundance of plaque [27]. In participants with removable dental
prostheses, the denture hygiene was inspected visually and qualitatively assessed
as good, moderate, or poor.
Statistical analyses

Data were analyzed with IBM Statistics SPSS 23 (SPSS Inc., Chicago, IL, USA).
Continuous variables were expressed as means and standard deviations (SD) for
normally distributed data, and medians and inter quartile rates (IQR) for non-normally
distributed data. Categorical variables were expressed as numbers and percentages.
Association between two continuous variables, meeting the assumptions for
parametric tests, were analyzed with Pearson correlation or linear regression, while
nonparametric data were analyzed with Spearman’s rank or rho partial correlation. The
association between continuous dependent and categorical independent variables
was analyzed with the Independent T-test for parametric data and the Mann-Whitney
U-test for nonparametric data. For ordinal categorical data the Mann-Whitney U test
was used. Association between two categorical variables was analyzed with the
3HDUVRQ &KLVTXDUH WHVW LI DOO H[SHFWHG IUHTXHQFLHV ZHUH JUHDWHU WKDQ ıYH RU WKH
Fisher’s exact test if the expected frequencies were below 5. For all tests, a p-value
ZDVFRQVLGHUHGVWDWLVWLFDOO\VLJQLıFDQW2XWOLHUVZLWKD]VFRUHRUKLJKHU
ZHUHFRQVLGHUHGVLJQLıFDQWRXWOLHUVDQGZHUHUHSODFHGE\DVFRUHWKUHHWLPHVWKH
standard deviation to the mean for a sensitivity analysis.
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RESULTS
Descriptive data

Table 1 shows the characteristics of the 348 participants. Their age ranged from 66
to 102 years, with a median of 83.0 (IQR= 79.0-87.0) years. The sample consisted
of 65.7% women, 303 participants with dementia, and 45 participants with MCI.
7KHJURXSZLWKGHPHQWLDKDGDVLJQLıFDQWO\ORZHU006(VFRUH PHGLDQ ,45
  DQG ZDV VLJQLıFDQWO\ ROGHU PHGLDQ   ,45    WKDQ WKH
group with MCI (median age= 80.0, IQR= 76.0-84.5 and median MMSE =27.0,
IQR= 25.8-28.0), p<.001. The dementia group consisted of 52.6% participants with
Alzheimer’s dementia, 18.4% with Mixed Dementia, 10.3% with Vascular Dementia,
1.3% with Frontotemporal Dementia, and 2.9% with Lewy Bodies Dementia. The
SDUWLFLSDQWV ZLWK GHPHQWLD XVHG DQDOJHVLFV VLJQLıFDQWO\ PRUH RIWHQ ǧ 2 (1) = 3.98,
S DQGDQWLSV\FKRWLFVVLJQLıFDQWO\PRUHRIWHQǧ 2 (1) = 7.45, p =.010 than the
SDUWLFLSDQWVZLWK0&,7KHSDUWLFLSDQWVZLWKLQWKH0&,JURXSZHUHVLJQLıFDQWO\PRUH
RIWHQGHQWDWH  WKDQWKRVHZLWKLQWKHGHPHQWLDJURXS  Ȅ2 (1) =10.54,
S )XUWKHUPRUHWKHSHULRGVLQFHWKHODVWGHQWLVWYLVLWZDVVLJQLıFDQWO\ORQJHU
in participants with dementia than in those with MCI, U= 4917.00, p=.021. It was
reported that the tooth brushing frequency was twice each day in 54.8% of the
SDUWLFLSDQWVZLWKQRVLJQLıFDQWGLĳHUHQFHVEHWZHHQWKH0&,DQGWKHGHPHQWLDJURXS
Oral hygiene care was provided by a nurse for 60.4% of the nursing home participants
with dementia, and no barriers were experienced during oral hygiene care in 69.6%.
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334 (100.0%)

14 (4.2%)

Tooth brushing frequency, N (%)

< 1x/ day

-

-

-

27 (14.7%)

184 (100.0%)

n/a

-

n/a

113 (60.4%)

-

-

-

34 (18.2%)

-

128 (69.6%)

-

29 (15.8%)

n/a

187 (100.0%)
40 (21.4%)

n/a
-

18 (6.2%)

6 (13.3%)

M-W U= 5784.00

98 (33.9%)

14 (4.8%)
159 (55.0%)

289 (100.0%)

0 (0.0%)

.001

ǧ 2 (1)= 10.54

-

-

-

n/a

-

-

-

n/a

.182

.021

ǧ 2 (1)= 7.45
M-W U= 4917.00

.055
.010

ǧ 2 (1)= 3.98

15 (33.3%)

35 (12.8%)

45 (100.0%)

.157

.133
<.001

24 (53.3%)

67 (24.5%)

1 (2.2%)

P-value
<.001

M-W U= 572.50

MCI: Mild Cognitive Impairment, M-W U: Mann-Whitney U test, ̀ Q : Chi square test (degrees of freedom), n/a = not available / not applicable

-

Barriers of oral hygiene care, N (%)

Yes

n/a

By nurse

-

-

Assisted

-

-

Independent

Somewhat

-

Oral hygiene care, N (%)

No

24 (7.2%)

n/a

>2x/ day

113 (33.8%)

36 (11.3%)

unknown

183 (54.8%)

76 (23.9%)

> 12 months

2x/ day

51 (16.0%)

6-12 months

1x/ day

155 (48.7%)

< 6 months
9 (20.0%)

273 (100.0%)

45 (100.0%)

318 (100.0%)

Last dentist visit, N (%)
127 (46.5%)

157 (52.0%)

35 (77.8%)

192 (55.3%)

Dentate, N (%)

44 (16.1%)

121 (41.7%)

8 (19.5%)

129 (39.0%)

Antipsychotics

7 (15.6%)

110 (37.9%)

9 (22.0%)

119 (36.0%)

Analgesics

Medication use

28 (62.2%)

17.0 (6.0-22.0)

27.0 (25.8-28.0)

18.0 (10.0-24.0)

MMSE, median (IQR)

10.0 (8.0-12.0)

M-W U= 1675.50

ǧ 2 (1)= 2.37

205 (67.2%)

25 (55.6%)

230 (65.7%)

10.0 (8.0-12.0)

Gender, N (%) women
11.0 (9.0-13.3)

Test value
M-W U= 9072.50

Dementia, 303 (87.1%)
84.0 (80.0-88.0)

MCI, 45 (12.9%)
80.0 (76.0-84.5)

Total, 348 (100.0%)

83.0 (79.0-87.0)

Educational level, median (IQR)

Age in years, median (IQR)

Table 1: Descriptive variables by cognitive status.
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Orofacial pain

The observed orofacial pain with the OPS-NVI was 4% in rest, 10% during drinking,
19% during chewing, and 22% during oral hygiene care among the 348 participants
with MCI or dementia. However, the psychometric evaluation of the OPS-NVI indicated
WKDW WKH QHJDWLYH DJUHHPHQW DQG VSHFLıFLW\ RI WKH 23619, ZHUH KLJK ZKLOH WKH
positive agreement and sensitivity were low, as a result of a low self-report of orofacial
pain [20]. Therefore, the results of the pain observations with the OPS-NVI were not
used any further in the current study.
The self-reported pain of the 179 participants with MMSE score 14 or higher was
considered reliable and was included in this study. Table 2 shows the presence of
reported orofacial pain during daily oral activities: 0.6% reported pain during rest,
9.6% during chewing, and 2.5% during oral hygiene care. No pain was reported
during drinking. Pain during sensory testing using a brush was reported by 0.6%
and using a probe by 10.1%. No pain was experienced by using a cotton roll. Pain
during active mouth opening was reported by 3.1% and pain during guided mouth
opening by 13.8%. Of dentate, verbal participants who had teeth with caries profunda,
1.7% experienced pain during palpation, 4.2% during percussion, and 1.7% after
DSSOLFDWLRQ RI D FROG FRWWRQ SHOOHW 7KHUH ZHUH QR VLJQLıFDQW GLĳHUHQFHV EHWZHHQ
the MCI or dementia group with regard to reported pain during daily oral activities,
sensory testing, active and guided mouth opening, and additional examination of
teeth with caries profunda. When these aspects of pain, with the exception of guided
mouth opening, were combined, 46 (=25.7%) of the 179 participants with MMSE
score of 14 or higher experienced at least 1 aspect of orofacial pain during the
examination. Within the group of participants with MMSE score of 14 or higher,
WKHUHZDVQRVLJQLıFDQWDVVRFLDWLRQEHWZHHQWKHSUHVHQFHRIRURIDFLDOSDLQDQGWKH
0&,RUGHPHQWLDGLDJQRVLVǧ 2 (1) = 0.84, p=.430. If the dementia group was split in
dementia subtypes, orofacial pain was present in 17/74 (=23.0%) of the participants
with AD, 10/31 (=32.3%) of those with Vascular Dementia, 1/3 (=33.3%) of those
with Frontotemporal Dementia, 0/3 (=0.0%) of those with Lewy Bodies Dementia.
7KHUHZDVQRVLJQLıFDQWDVVRFLDWLRQEHWZHHQWKHSUHVHQFHRIRURIDFLDOSDLQDQGWKH
subtype of dementia, Fischer’s Exact= 2.37, p=.672.
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Table 2. Pain reported by participants with an MMSE score of 14 or higher, by cognitive status.
Pain reported during

Total N (%)

MCI N (%)

Daily oral activities, N (%)

179 (100.0%)

44 (100.0%) 135 (100.0%)

Dementia N (%) Test value P value
ǧ 2(1)=25.90 <.001

Rest

1 (0.6%)

0 (0.0%)

1 (0.7%)

-

1.000

Drinking

0 (0.0%)

0 (0.0%)

0 (0.0%)

n/a

n/a

Chewing

17 (9.6%)

4 (9.1%)

13 (9.8%)

-

1.000

Oral hygiene care

3 (2.5%)

0 (0.0%)

3 (3.5%)

-

.554

Neurosensory testing, N (%) 179 (100.0%)

44 (100.0%) 135 (100.0%)

Cotton

0 (0.0%)

0 (0.0%)

0 (0.0%)

n/a

n/a

Brush

1 (0.6%)

0 (0.0%)

1 (0.7%)

-

1.000

Probe

18 (10.1%)

3 (6.8%)

15 (11.1%)

-

.568

Mouth opening, N (%)

162 (100.0%) 43 (100.0%) 119 (100.0%)

Active mouth opening

5 (3.1%)

1 (2.3%)

4 (3.4%)

-

1.000

Recognizable

1 (0.6%)

1 (2.3%)

0 (0.0%)

-

.200

Guided mouth opening

22 (13.8%)

6 (14.3%)

16 (13.7%)

ǧ2(1)=0.01

1.000

Recognizable

2 (1.3%)

2 (4.8%)

0 (0.0%)

-

.065

Additional testing caries
profunda, N (%)

120 (100.0%) 33 (100.0%) 85 (100.0%)

Palpation

2 (1.7%)

1 (2.9%)

1 (1.2%)

-

.488

Percussion

5 (4.2%)

1 (2.9%)

4 (4.7%)

-

1.000

Sensitivity

2 (1.7%)

0 (0.0%)

2 (2.3%)

-

1.000

Overall, N (%)

46 (25.7%)

9 (20.5%)

37 (27.4%)

ǧ 2 (1)= 0.84 .430

MCI: Mild Cognitive Impairment, ̀ Q : Chi square test (degrees of freedom), n/a = not available / not
applicable. In case of a low number of observations within a category, no test value was given. The ‘Overall’
score includes pain reported during oral daily activities, neurosensory testing, active mouth opening, and
additional testing of teeth with caries profunda.

Oral health

Table 3 shows the oral health characteristics. The number of present teeth
6XSSOHPHQWDU\)LJXUH ZDVVLJQLıFDQWO\ S ORZHULQSDUWLFLSDQWVZLWKGHPHQWLD
(median= 2.0, IQR= 0.0-18.0) than in participants with MCI (median= 18.0, IQR= 5.524.0). However, when solely dentate participants were considered, there were no
VLJQLıFDQWGLĳHUHQFHV 8 S  EHWZHHQWKHJURXSVFRQFHUQLQJQXPEHU
of teeth (median= 18.0, IQR= 9.0-24.0).
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0RUHRYHU GHQWDWH SDUWLFLSDQWV ZLWK GHPHQWLD KDG VLJQLıFDQWO\ OHVV UHVWRUHG WHHWK
(median= 8.5, IQR 4.0-13.0), U= 2000.00, p=.013, more teeth with coronal caries
(median= 1.0, IQR 0.0-2.0), U= 3604.00, p=.001, more teeth with root caries (median
0.0, IQR 0.0-1.0), U= 3342.50, p=.014, and more tooth root remnants (median 0.0,
IQR 0.0-1.0), U= 3619.50, p<.001 than dentate participants with MCI (Supplementary
Figures 3 and 4).

Supplementary Figure 2: Boxplot of the number of teeth present in all participants, split by cognitive
status.
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0.0 (0.0-0.0)

0.0 (0.0-1.0)

0.0 (0.0-1.0)

0.0 (0.0-0.0)

0.0 (0.0-0.0)

0.0 (0.0-0.0)

0.0 (0.0-0.0)

Dementia

0.0 (0.0-0.0)
0.0 (0.0-1.0)
0.0 (0.0-0.0)
0.0 (0.0-0.0)

0.0 (0.0-0.0)
0.0 (0.0-1.0)
0.0 (0.0-0.0)
0.0 (0.0-0.0)

0.0 (0.0-9.0)

30.0 (14.0-32.0)

2.0 (0.0-18.0)

All
(n=303)

All participants with Mild Cognitive Impairment (MCI) were compared with all participants with dementia.
Dentate participants with MCI were compared with dentate participants with dementia.
M-W U: Mann-Whitney U test

0.0 (0.0-0.0)

Root caries

Tooth root
remnants

0.0 (0.0-1.0)

0.0 (0.0-0.0)

0.0 (0.0-0.0)

0.0 (0.0-1.0)

Oral implants

Coronal caries

1.5 (0.0-10.0)

Restored

10.0 (0.0-15.5) 13.0 (6.0-17.0)

9.0 (4.0-14.0)

5.0 (0.0-19.0)

27.0 (13.0-32.0) 14.0 (8.0-23.0) 14.0 (8.0-26.5) 10.0 (6.0-22.0)

Present teeth

Missing

Dentate
(n=35)

18.0 (9.0-24.0) 18.0 (5.5-24.0) 22.0 (10.0-26.0)

MCI
All
(n=45)

Dentate
(n=192)

Total
Number,
All
Median (IQR)
(n=348)

Table 3: Oral health characteristics of the participants, by cognitive status.

0.0 (0.0-1.0)

0.0 (0.0-1.0)

1.0 (0.0-2.0)

0.0 (0.0-0.0)

8.5 (4.0-13.0)

7900.00

7308.00

7399.00

6057.50

4425.50

14.0 (8.0-23.0) 9128.00

P -value

3619.50

3342.50

3604.00

2591.50

2000.00

3289.50

2170.50

.010

.254

.237

.012

<.001

<.001

<.001

Dentate
All
(n=191)

Test value M-W U
All
(n=348)

18.0 (9.0-24.0) 4507.00

Dentate
(n=156)

<.001

.014

.001

.300

.013

.058

.058

Dentate
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Supplementary Figure 3: Boxplot of the number of teeth with coronal caries in dentate participants, split
by cognitive status. The numbers in the boxplot are participant numbers.

Supplementary Figure 4: Boxplot of the number of tooth root remnants in dentate participants, split by
cognitive status. The numbers in the boxplot are participant numbers.
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7DEOH  VKRZV WKH FRUUHODWLRQ EHWZHHQ WKH RUDO KHDOWK YDULDEOHV ZLWK VLJQLıFDQW
SYDOXHVLQWDEOH DQGWKH006(VFRUHDGMXVWHGIRUDJH7KHUHZDVDVLJQLıFDQW
correlation between the level of cognitive impairment and the number of present /
missing teeth, r= .185, p=.003, restored teeth r= .164, p=.038, oral implants, r=.143,
p=.022, and teeth with coronal caries, r=-.283, p<.001, when adjusted for age. The
QXPEHURIWHHWKZLWKURRWFDULHVZDVQRORQJHUVLJQLıFDQWO\FRUUHODWHGWRWKH006(
score, when adjusted for age, r=-.152, p=.054. The number of tooth root remnants
ZDVQRWVLJQLıFDQWO\FRUUHODWHGWRWKH006(VFRUHZKHQORRNLQJDWDOOSDUWLFLSDQWV
U   S  EXW ZDV VLJQLıFDQWO\ FRUUHODWHG ZKHQ RQO\ FRQVLGHULQJ GHQWDWH
participants, r=-.229, p=.004, after adjustment for age. A sensitivity analysis with
UHSODFHPHQWRIWKHVLJQLıFDQWRXWOLHUVGLGQRWUHVXOWLQFKDQJHVLQWKHVLJQLıFDQFHRI
the results including the outliers.
Table 4: 6SHDUPDQŖVUKRSDUWLDOFRUUHODWLRQVRIWKHVLJQLıFDQWGHQWDOYDULDEOHVZLWK006(ZLWKRXWDQG
with adjustment for age.
Variable

Group

Correlation
with MMSE

P-value

Correlation with MMSE P-value
after adjusted for Age

Present/ Missing

All

.228

<.001

.185

.003

Restored

All

.223

<.001

.179

.004
.038

Dentate

.180

.022

.164

Implants

All

.150

.015

.143

.022

Coronal caries

Dentate

-.296

<.001

-.283

<.001

Root caries

Dentate

-.190

.016

-.152

.054

Root remnants

All

-.115

.064

-.105

.091

Dentate

-.256

.001

-.229

.004

7

Extra-oral abnormalities (Supplementary Table 1) were found in 12.5% of the
participants and intra-oral abnormalities in 56.9%, including ulcers in 14.1%. When
the presence of teeth with coronal caries (27.0%), teeth with root caries (19.0%), tooth
root remnants (18.1%), and the presence of ulcers (14.1%) were combined, 50.3%
of the participants had one or more potential painful oral conditions (Table 5). There
ZDVQRVLJQLıFDQWGLĳHUHQFHEHWZHHQWKH0&,DQGGHPHQWLDJURXSIRUWKHRYHUDOO
presence of these most common potential painful oral conditions. Only the presence
RIWRRWKURRWUHPQDQWVZDVVLJQLıFDQWO\ǧ 2 (1) = 6.50, p=.011 higher in participants
with dementia (20.1%) than in participants with MCI (4.4%).
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Supplementary Table 1: Extra-oral and intra-oral abnormalities in all participants, by cognitive status.
Abnormalities

Total (n=345)

MCI (n=45)

Dementia (n=300)

Test value

Extra-oral, N (%)

43 (12.5%)

5 (11.1%)

38 (12.7%)

ǧ (1) = 0.09

.817

Intra-oral, N (%)
Ulcers
Fistulas

190 (56.9%)
47 (14.1%)
9 (2.7%)

21 (46.7%)
4 (8.9%)
0 (0.0%)

169 (58.5%)
43 (14.9%)
9 (3.1%)

ǧ 2 (1)= 2.22
ǧ 2 (1)= 1.16
-

.148
.361
.615

2

P-value

MCI: Mild Cognitive Impairment, ̀: Chi square test
Table 5: Presence of potential painful oral conditions (yes/no), by cognitive status
Condition present Total n= 348

MCI n= 45 Dementia n= 303 Test value ǧ 2 (1)

P-value

Coronal caries, N (%) 94 (27.0%)

10 (22.2%)

84 (27.7%)

.478

0.60

Root caries, N (%)

66 (19.0%)

6 (13.3%)

60 (19.8%)

1.07

.322

Root remnant, N (%)

63 (18.1%)

2 (4.4%)

61 (20.1%)

6.50

.011

Ulcer, N (%)

47 (14.1%)

4 (8.9%)

43 (14.9%)

1.16

.361

Overall, N (%)

175 (50.3%)

17 (37.8%)

158 (52.1%)

3.24

.080

̀ Q : Chi square test (degrees of freedom)

Table 6 shows the periodontal health of the dentate participants. The median DPSI
score was 3- (IQR= 2, 4). None of the participants had a DPSI score 0. Moreover,
in 73.8% of the participants, periodontal pockets of 4 mm or more were present. In
addition, 1 or more teeth had mobility grade 2 in 18.8% and mobility grade 3 in 5.8%
RIWKHSDUWLFLSDQWV7KHUHZHUHQRVLJQLıFDQWGLĳHUHQFHVEHWZHHQ0&,DQGGHPHQWLD
participants concerning periodontal health.
Table 6: Periodontal health of dentate participants, by cognitive status.
Periodontal health
Total
MCI
Dementia Test value
P-value
DPSI
(n=160)
(n=33)
(n= 127)
Highest total score, median (IQR) 3- (2,4)
3- (2,4)
3- (2,4)
Highest total score, N (%)
M-W U= 1964.50 .569
0
0 (0.0%)
0 (0.0%)
0 (0.0%)
1
2 (1.3%)
1 (3.0%)
1 (0.8%)
2
40 (25.0%) 9 (27.3%) 31 (24.4%)
348 (30.0%) 10 (30.3%) 38 (29.9%)
3+
20 (12.5%) 3 (9.1%)
17 (13.4%)
4
50 (31.3%) 10 (30.3%) 40 (31.5%)
Total
MCI
Dementia Test value
P-value
Tooth mobility
(n=191)
(n=35)
(n=156)
Grade II
36 (18.8%) 7 (20.0%) 29 (18.6%) ǧ 2 (1)= 0.04
1.000
Grade III
11 (5.8%)
1 (2.9%)
10 (6.4%)
.692
MCI: Mild Cognitive Impairment, M-W U: Mann-Whitney U test, ̀ Q : Chi square test (degrees of
freedom)
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The median of the Silness & Loë Plaque Index score was 2.0 (IQR= 2.0-2.0)
6XSSOHPHQWDU\ 7DEOH   7KH SODTXH LQGH[ ZDV VLJQLıFDQWO\ KLJKHU LQ GHQWDWH
participants with dementia than in those with MCI, U=2040.00, p=.039. Among
participants wearing removable dental prostheses, denture hygiene was assessed
as good in 19.4%, moderate in 55.3%, and bad in 25.3% of the participants. The
GHQWXUHK\JLHQHZDVVLJQLıFDQWO\ZRUVHLQWKHGHPHQWLDJURXSWKDQLQWKH0&,JURXS
U= 1612.50, p=.008.
Supplementary Table 2: Oral hygiene of the participants, by cognitive status.
Oral hygiene
Plaque Index Silness & Loe Total
(n=177)

MCI (n=35)

Dementia
(n=142)

2.0 (2.0-2.0)

2.0 (2.0-2.0)

2.0 (2.0-3.0)

0

2 (1.1%)

0 (0.0%)

2 (1.4%)

1

12 (6.8%)

3 (8.6%)

9 (6.3%)

2

121 (68.4%)

29 (82.9%)

92 (64.8%)

3

42 (23.7%)

3 (8.6%)

39 (27.5%)

Denture hygiene, N (%)

Total
(n=217)

MCI (n=24)

Dementia
(n=193)

Good

42 (19.4%)

10 (41.7%)

32 (16.6%)

Moderate

120 (55.3%)

11 (45.8%)

109 (56.5%) M-W U= 1612.50 .008

Bad

55 (25.3%)

3 (12.5%)

52 (26.9%)

Highest total score,
median (IQR)
Highest total score, N (%)

Test value

P-value

M-W U= 2040.00 .039

Test value

P-value

7

MCI: Mild Cognitive Impairment, M-W U: Mann-Whitney U test

DISCUSSION

The aim of this study was to examine and compare the presence of orofacial pain
and its potential causes in older people with MCI or dementia. This study indicated
that orofacial pain and its potential causes were frequently present in participants
ZLWK0&,RUGHPHQWLD)XUWKHUPRUHLWVKRZHGWKDWWKHUHZDVDVWDWLVWLFDOO\VLJQLıFDQW
and clinically relevant correlation between the level of cognitive impairment and the
number of teeth, teeth with coronal caries, and the number of tooth root remnants,
also when adjusted for age.
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Strengths and limitations

One of the strengths of this study is the large study population. Furthermore, orofacial
pain was examined extensively, including immediate self-report after rest, drinking,
chewing, and oral hygiene care, as well as sensory testing, and active mouth opening.
7KLVLVWKHıUVWVWXG\WKDWLQFOXGHGVHQVRU\WHVWLQJRIWKHWULJHPLQDOQHUYHDUHDLQ
people with dementia. In addition, the MMSE score was used to determine the
validity of the pain self-report. Moreover, potential causes of pain were examined with
a structured dental examination in all participants by the same dentist experienced
in geriatric dentistry.
A major limitation of this study was that the psychometric evaluation of the OPSNVI took place in parallel with the current study. The initial plan was to use the
observations with the OPS-NVI to include participants with all MMSE scores [19,28].
However, the psychometric evaluation indicated that the negative agreement and
VSHFLıFLW\RIWKH23619,ZHUHKLJKZKLOHWKHSRVLWLYHDJUHHPHQWDQGVHQVLWLYLW\
were low, as a result of a low self-report of orofacial pain [20]. Therefore, the results
of the pain observations with the OPS-NVI were not further used in the current
study. Furthermore, this study had a cross-sectional observational design, which
did not include older people without cognitive impairment. In addition, it was not
possible to polish the teeth before examination and make X-rays at the research
settings. Although the teeth were brushed, an underestimation of potential painful
oral conditions is probable.
Interpretation

In the current study, orofacial pain was reported by a quarter of the participants with
MCI or dementia who were considered to be able to present a reliable self-report,
while it could not be determined for people with more severe cognitive impairment.
The percentage of participants with orofacial pain in this study is somewhat higher
than the reported 7.4 to 21.7% in previous studies 15. The higher orofacial pain
percentage in the current study can be explained by the extensive pain assessment,
which included evaluation after drinking, eating, oral care, mouth opening, sensory
testing, as well as additional testing of teeth with caries profunda. Furthermore, the
participants were asked if pain was present directly after each activity, to minimize
the role of memory loss in the pain self-report.
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The oral health examination in the current study indicated that participants with more
VHYHUH FRJQLWLYH LPSDLUPHQW KDG VLJQLıFDQWO\ OHVV SUHVHQW WHHWK PRUH WHHWK ZLWK
coronal caries and more tooth root remnants. The number of teeth with coronal caries
DQGWRRWKURRWUHPQDQWVLQWKLVVWXG\ıWLQWKH ZLGH PDUJLQVRISUHYLRXVVWXGLHVLQ
participants with dementia, with a mean of 0.1-2.9 for teeth with coronal caries and a
mean of 0.2-10 for tooth root remnants [15]. Some of the previous studies examined
the association of age and gender with the development of caries in people with
dementia [29–31]. One cohort study found that males with dementia had higher odds
of coronal caries increments than women with dementia, but age group (viz. younger
RU ROGHU WKDQ  \HDUV  ZDV QRW D VLJQLıFDQW SUHGLFWRU >@ $QRWKHU FRKRUW VWXG\
found an increased risk for Alzheimer’s dementia in participants with 4 or more active
root caries lesions, after adjusting for age, gender, and marital status 31. These two
cohort studies indicated that dementia status was associated with coronal caries and
root caries, after controlling for age and gender. Although the current cross-sectional
study found an association between cognitive status and number of teeth with coronal
FDULHVLWGLGQRWıQGDQDVVRFLDWLRQZLWKWKHQXPEHURIWHHWKZLWKURRWFDULHVDIWHU
adjusting for age. In other words, the higher number of teeth with root caries could
be explained by higher age.
2WKHUıQGLQJVIURPWKHFXUUHQWVWXG\ZHUHWKHKLJKQXPEHURILQWUDRUDODEQRUPDOLWLHV
JLQJLYDOLQĲDPPDWLRQSODTXHDQGSHULRGRQWDOSRFNHWV3UHYLRXVVWXGLHVDOVRVKRZHG
WKDWDEVHQFHRIJLQJLYDOEOHHGLQJZDVUDUH>@DQGRUDOK\JLHQHZDVLQVXĴFLHQW
in people with dementia [34]. At the same time, the presence of severe periodontitis,
with periodontal pockets of 6 mm or more, seems higher in the current population
than in previous studies [16,35,36]. This can be explained by the higher age and
lower MMSE score of the current sample. The lower MMSE score might also explain
WKHFXUUHQWıQGLQJWKDWSDUWLFLSDQWVZLWKGHPHQWLDKDGVLJQLıFDQWO\ZRUVHRUDODQG
denture hygiene compared to those with MCI.
Implications

Although the self-reported pain presence during daily oral activities was low, the
examined presence of oral diseases was high. This indicates that regular oral
examination by (oral) healthcare providers remains imperative, even if no pain is
reported, because oral diseases may be a source of (future) discomfort or pain and
LQĲDPPDWLRQDVZHOODVJHQHUDOKHDOWKDQGFRJQLWLYHSUREOHPV>@7KLVLVHYHQ
more important in people with dementia, who are not able to report pain verbally.
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As a result of the low reported presence of pain during sensory testing with a cotton
pellet and a brush, it is not recommended to add sensory testing to the regular oral
health screening procedure of people with MCI or dementia.
Future research

The OPS-NVI has been used to observe orofacial pain in all participants of this
study, but the observed pain presence could not be used because the OPS-NVI
in its current form lacked validity for diagnostic use. However, a diagnostic tool for
orofacial pain in people with communication impairments could be a helpful tool to
identify hidden discomfort or pain.
CONCLUSION

The reported presence of orofacial pain was 25.7% in participants with MCI
or dementia who were able to deliver a reliable pain self-report. The oral health
examination indicated that participants with more severe cognitive impairment had
VLJQLıFDQWO\OHVVSUHVHQWWHHWKPRUHWHHWKZLWKFRURQDOFDULHVDQGPRUHWRRWKURRW
remnants. When the number of teeth with coronal caries or root caries, the number
of tooth root remnants, and the number of ulcers were combined, potential painful
oral conditions were present in 50.3% of the participants.
This study indicated that orofacial pain and its potential causes were frequently
present in participants with MCI or dementia. Therefore, a regular oral examination
by (oral) healthcare providers in people with MCI or dementia remains imperative,
even if no pain is reported.
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CHAPTER 8

ABSTRACT
Objectives: The aim of this study was to examine and compare the oral function of

older people with mild cognitive impairment (MCI) or dementia.
Methods: This cross-sectional observational study included participants with MCI or

dementia aged 60 years or older. Global cognitive functioning was evaluated with
the Mini Mental State Examination (MMSE) and the oral function was evaluated with
subjective and objective assessments, including the perceived quality of chewing
and swallowing, the function of the prostheses, the number of occluding pairs (OP),
the degree of tooth wear and the active and passive maximum mouth opening.
Results: The quality of chewing and swallowing was perceived as good in, respectively,

86.0% and 90.9% of the participants. Full or partial prostheses were worn by 63.8%
of the participants, and the retention was good in 58.4% of the upper and 50.0% of
the lower prostheses. Participants with MCI had a median of 3.0 (Inter Quartile Range
[IQR] 0.0-7.5) occluding pairs, while participants with dementia had a median of 0.0
(IQR 0.0-1.0) occluding pairs, U = 3838.50, P < 0.001. There was a weak positive
correlation between the number of occluding pairs and the MMSE score, r = 0.267,
also when adjusted for age, r = 0.230. The median tooth wear score was 2.0 (IQR
2.0-2.0) in participants with MCI or dementia. The active maximum mouth opening
was 45.8 (SD 9.3) mm in participants with dementia, while it was 49.8 (SD 8.1) mm
in those with MCI, t(253) = 2.67, P = 0.008.
Conclusion: For most participants with MCI or dementia, the swallowing ability and

chewing ability were perceived as good. In addition, more than half of the prostheses
had good retention and occlusion. Participants with more severe cognitive impairment
had fewer occluding pairs and a smaller active mouth opening. The degree of tooth
wear was less than one-third of the clinical crown in most participants with MCI or
dementia.
Keywords: aged; cognitive dysfunction; deglutition; dental prosthesis; dentures;

geriatric dentistry; mastication; neurocognitive disorder; oral health; temporomandibular
joint; tooth wear
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INTRODUCTION

The term ‘oral function’ encompasses all normal and disturbed functions of the human
masticatory system, such as eating and psychosocial wellbeing [1]. Various aspects
play a role in oral function, such as the number of functional teeth, the presence and
quality of dental prostheses, the temporomandibular function, the degree of tooth
wear, and swallowing.
Oral function is important for food intake and quality of life, especially in older adults
[2,3]. However, oral function might be compromised as a result of tooth loss, primarily
caused by caries and periodontitis [4]. Although the number of teeth is of interest, it is
even more important how the remaining teeth are distributed and how many posterior
teeth form functional pairs, or occluding pairs (OP) [5,6]. Shortened dental arches
RIWRRFFOXGLQJSDLUVDUHQRWVLJQLıFDQWO\GLĳHUHQWIURPFRPSOHWHGHQWDODUFKHV
concerning several functional indicators [7,8], while in case of extremely shortened
dental arches, masticatory function might be reduced by 30 to 40% [7,9]. Another
constraint in oral function might be mouth opening, although on average this was
VXĴFLHQWLQDVWXG\RIWKHSUHYDOHQFHRIVLJQVDQGV\PSWRPVRIWHPSRURPDQGLEXODU
disorders in older people [10]. In addition, tooth wear can compromise oral function,
and its prevalence increases with age [11–13]. A review on the prevalence of tooth
wear in adults indicated severe tooth wear in 17% of 70-year-old people [11]. Another
LPSRUWDQWIDFWRULQRUDOIXQFWLRQLVVZDOORZLQJZKLFKLVQHJDWLYHO\DĳHFWHGE\WRRWK
ORVV >@ DQG LV LQĲXHQFHG E\ WKH TXDOLW\ RI GHQWXUHV >@ 0RUHRYHU VZDOORZLQJ
dysfunction can result from hyposalivation, which is highly prevalent in older people
[14,16,17]. In sum, many older people have compromised oral function, as a result
of multiple factors.
6RPHDVSHFWVRIRUDOIXQFWLRQDUHNQRZQWREHHYHQPRUHQHJDWLYHO\DĳHFWHGLQROGHU
people who developed dementia, such as the quality of swallowing and the number of
teeth present [18–21]. Swallowing dysfunction or dysphagia is present in 13 to 57% of
people with dementia, with a higher prevalence of 84 to 93% in people with moderate
to severe Alzheimer’s Dementia (AD); the most prevalent subtype of dementia [19,22].
The number of teeth present in older people with dementia ranges widely between
studies, viz., from 2 to 20 elements [20]. Concerning dental prostheses, both the
utilization and the quality were studied in people with dementia [20,21]. Denture
utilization varied from 5 to 100%, with the lowest utilization in people with severe
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dementia [20]. The stability or retention of the dentures was considered poor in 5
to 17%, and the occlusion was considered poor in 27 to 36% [21]. Furthermore,
a previous study found that temporomandibular joint abnormalities, such as disc
GLVSODFHPHQWDQGRVWHRDUWKURVLVZHUHSUHVHQWVLJQLıFDQWO\PRUHRIWHQLQSDUWLFLSDQWV
with AD than in participants without AD, while the mean maximum mouth opening
ZDVQRUPDODQGQRWVLJQLıFDQWO\GLĳHUHQWIURPSDUWLFLSDQWVZLWKRXW$'>@+RZHYHU
the last mentioned study included only 29 people with AD and no other subtypes
of dementia.
Other aspects of oral function, such as occlusion and tooth wear, are scarcely studied
in older people with dementia. It is important to address the less studied, yet clinically
relevant aspects of oral function in people with cognitive impairment or dementia, to
better preserve the food intake and quality of life in this group. Therefore, the aim of
the present study was to examine and compare the oral function in a large sample
of older people with Mild Cognitive Impairment (MCI) or dementia. The research
questions were: (1) What is the perceived quality of chewing and swallowing in
older people with MCI or dementia? (2) Which percentage of the participants wore
prostheses and what was the quality of the retention and occlusion of the prostheses
that were worn? (3) How many occluding pairs did the participants have? (4) What
was the degree of tooth wear of the participants? (5) What was the active and passive
mouth opening of the participants?
METHODS
Study design, setting, and participants

This is an observational cross-sectional study on the oral function in a group of
older participants with MCI or dementia. The data for this study was collected in two
outpatient clinics for geriatric patients (viz., that of the VU Medical Center and of the
Amstelland Hospital) and ten nursing homes in The Netherlands, between April 2014
and December 2015, as part of the PainDemiA study [24]. The study protocol was
approved by the Medical Ethics Review Committee of the VUmc (approval number
NL 43861.029.13) and was previously published [24]. The study was performed
in accordance with the STrengthening the Reporting of OBservational Studies in
Epidemiology (STROBE) statement. In the study protocol, the in- and exclusion criteria,
power calculation for the PainDemiA study, and procedure to establish the MCI or
dementia diagnosis were described [24]. The number of participants at each stage
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of the dentistry part of the PainDemiA study, including reasons for non-participation
DQGDĲRZFKDUWRILQFOXVLRQZHUHDOVRUHSRUWHGLQDSUHYLRXVDUWLFOH>@
The global cognitive functioning of the participant was measured with the Mini
Mental State Examination (MMSE) [26] by a nurse at the VU Medical Center and
a neuropsychologist at the Amstelland Hospital and the nursing homes. The
MMSE tests verbal and nonverbal episodic memory, orientation in time and place,
visuoconstructive capacities and has a maximum score of 30 [26].
Demographic characteristics and perceived oral function

The demographic characteristics gender, date of birth and, educational status were
recorded from the medical records. The subjective oral function was assessed with a
short questionnaire with the participants in the hospitals and with the care providers
in the nursing homes. The interview included questions about the dental status (e.g.
dentate or edentate), quality of swallowing (e.g. good, moderate, bad or impossible),
quality of chewing (e.g. good, moderate, bad or impossible), and food consistency
(e.g. normal or adjusted, for example grinded food).
Oral functional outcomes

In all participants, a standardized oral functional examination took place by a dentist
experienced in geriatric dentistry (SD). The examination consisted of the assessment
of the function of prostheses in denture wearers, the assessment of the number of
occluding pairs and the amount of tooth wear, as well as a mandibular examination in
dentate participants. The retention and occlusion of the prostheses were assessed
with a qualitative assessment (viz., good, moderate, or bad). The number of occluding
pairs was counted, with a premolar contact counting as 1 occluding pair and a full
molar contact as 2 occluding pairs, resulting in a minimum of 0 and a maximum
of 14 occluding pairs [27]. In this respect, prostheses did not add to the number
RI RFFOXGLQJ SDLUV 7RRWK ZHDU ZDV TXDQWLıHG DFFRUGLQJ WR WKH V\VWHP GHVFULEHG
by Wetselaar, with a score of 0 indicating no visible wear, a score of 1 visible wear
only in the enamel, a score of 2 exposed dentin and loss of less than 1/3 of the
clinical length of the crown, a score of 3 indicating loss of 1/3 to 2/3 of the clinical
length of the crown, and a score of 4 indicating loss of more than 2/3 of the clinical
length of the crown [28]. The highest score of tooth wear for each sextant was
scored. The mandibular examination consisted of measurement of overbite, active
maximal mouth opening, and passive maximal mouth opening [29]. The overbite is
the vertical distance between the incisal edges of the upper and lower front teeth.
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The active maximal mouth opening was calculated by adding the overbite and the
mouth opening on request, and the passive maximal mouth opening was calculated
by adding the overbite and the mouth opening guided by the dentist.
Procedure

In the hospital setting, the examination took place after the regular screening at the
memory clinic within the outpatient geriatric clinic, while nursing home residents
were examined at their nursing homes. In the hospital, the cognitive screening by a
nurse took place at the same day as the oral health examination by the dentist. In the
nursing homes, the cognitive screening by the neuropsychologist took place in the
same week, but not on the same day as the oral health examination by the dentist, in
order to spread the burden on this group of vulnerable participants. In both settings,
the cognitive and oral health screening took place independent of each other.
Statistical methods

The data were analyzed with IBM Statistics SPSS 23 (SPSS Inc., Chicago, IL, USA).
The continuous variables were expressed as means and standard deviations (SD)
for normally distributed data, and as medians and Inter Quartile Rates (IQR) for
data that was not normally distributed. The categorical variables were expressed
as numbers and percentages. The association between continuous dependent
and categorical independent variables was analyzed with an Independent T-test for
normally distributed data and a Mann-Whitney U-test for data that was not normally
distributed. The association between two categorical variables was analyzed with
WKH3HDUVRQ&KLVTXDUHWHVWLIDOOH[SHFWHGIUHTXHQFLHVZHUHJUHDWHUWKDQıYHRUWKH
)LVKHUŖVH[DFWWHVWLIWKHUHZHUHH[SHFWHGIUHTXHQFLHVEHORZıYH7KHDVVRFLDWLRQ
between three continuous variables that did not meet the assumptions for normally
distributed testing was analyzed with a Spearman’s rho partial correlation. For all tests,
DSYDOXHZDVFRQVLGHUHGVWDWLVWLFDOO\VLJQLıFDQW2XWOLHUVZLWKD]VFRUH
RUKLJKHUZHUHFRQVLGHUHGVLJQLıFDQWRXWOLHUVDQGZHUHUHSODFHGE\DVFRUHWKUHH
times the standard deviation to the mean for a sensitivity analysis.
RESULTS

7DEOHVKRZVWKHFKDUDFWHULVWLFVRIWKHSDUWLFLSDQWV7KHPHGLDQDJHZDVVLJQLıFDQWO\
higher in participants with dementia than in those with MCI, U= 9072.50, p< 0.001.
Concerning setting, 153 (=43.7%) were examined at the outpatient clinics and 197
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 DWWKHQXUVLQJKRPHV7KHPHGLDQ006(VFRUHZDVVLJQLıFDQWO\KLJKHULQ
participants with MCI, than in those with dementia, U=572.50, p< 0.001. In addition,
WKH 0&, JURXS ZDV GHQWDWH VLJQLıFDQWO\ PRUH RIWHQ WKDQ WKH GHPHQWLD JURXS 8 
 S   LQGHSHQGHQW RI DJH 7KHUH ZHUH QR VLJQLıFDQW GLĳHUHQFHV
regarding swallowing, chewing, and food consistency between the MCI and the
dementia group.
Table 1: Characteristics of the participants
Total (N= 348)

MCI (N= 45)

Dementia (N= 303)

Age in years, median (IQR)

83.0 (79.0-87.0)

80.0 (76.0-84.5) ***

84.0 (80.0-88.0) ***

Women, N (%)

230 (65.7%)

25 (55.6%)

205 (67.2%)

153 (43.7%)

45 (29.4%) ***

108 (70.6%) ***

Setting
Outpatient clinic
Nursing home

197 (56.3%)

0 (0.0%) ***

197 (100.0%) ***

Education, mean years (SD)

10.8 (3.8)

11.5 (3.6)

10.5 (3.9)

18.0 (10.0-24.0)

27.0 (25.5-28.0) ***

17.0 (6.0-22.0) ***

210 (60.5%)

35 (77.8%) **

157 (51.5%) **

All, Median (IQR)

5.0 (0.0-19.0)

18.0 (5.5-24.0) ***

2.0 (0.0-18.0) ***

Dentate, Median (IQR)

18.0 (9.0-24.0)

22.0 (10.0-26.0)

18.0 (9.0-24.0)

MMSE score
Median (IQR)
Dental status
Dentate, N (%)
Number of present teeth

Swallowing, N (%)
Good

311 (90.9%)

39 (86.7%)

272 (91.6%)

Moderate

25 (7.3%)

6 (13.3%)

19 (6.4%)

Bad

5 (1.5%)

0 (0.0%)

5 (1.7%)

Impossible

1 (0.3%)

0 (0.0%)

1 (0.3%)
252 (84.8%)

8

Chewing, N (%)
Good

294 (86.0%)

42 (93.3%)

Moderate

38 (11.1%)

1 (2.2%)

37 (12.5%)

Bad

7 (2.0%)

2 (4.4%)

5 (1.7%)

Impossible

3 (0.9%)

0 (0.0%)

3 (1.0%)

Food consistency, N (%)
Normal

291 (84.8%)

42 (93.3%)

249 (83.6%)

Adjusted

52 (15.2%)

3 (6.7%)

49 (16.4%)

MCI: mild cognitive impairment, MMSE: Mini Mental State Examination, *p< 0.05, **p< 0.01, ***p< 0.001

Table 2 shows that, of the 348 participants, 222 (=63.8%) wore upper and 182
(=52.3%) wore lower prosthesis. Most of the prostheses that were worn by the
participants were full prostheses: 86.5% of the prostheses in the upper jaw and
80.8% of the prostheses in the lower jaw. Most of the prostheses in the upper jaw had
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good retention (58.4%), while this was the case in only 50.0% for the lower jaw. The
RFFOXVLRQZDVJRRGLQRIWKHSDUWLFLSDQWV7KHUHZHUHQRVLJQLıFDQWGLĳHUHQFHV
between the MCI and the dementia group concerning prostheses, except for the type
RIORZHUSURVWKHVHV$PRQJWKHSDUWLFLSDQWVZHDULQJORZHUSURVWKHVHVVLJQLıFDQWO\
more participants with dementia wore full prostheses (84.0%) than participants with
MCI (52.6%), who wore partial or frame prostheses more often; Fisher’s exact test=
11.73, p= 0.006.
Table 2: Type and function of prostheses, by cognitive status
Prostheses

Total

MCI

Dementia

Type of upper

N=222

N=22

N=200

Full

192 (86.5%)

18 (81.8%)

174 (87.0%)

Partial

13 (5.9%)

2 (9.1%)

11 (5.5%)

Frame

17 (7.7%)

2 (9.1%)

15 (7.5%)

N= 214

N= 22

N= 192

Good

125 (58.4%)

10 (45.5%)

115 (59.9%)

Moderate

70 (32.7%)

10 (45.5%)

60 (31.3%)

Bad

19 (8.9%)

2 (9.1%)

17 (8.9%)

Retention upper

Type of lower

N=182

N=19

N= 163

Full

147 (80.8%)

10 (52.6%)

137 (84.0%)

Partial

26 (14.3%)

2 (10.5%)

7 (4.3%)

Frame

9 (4.9%)

7 (36.8%)

19 (11.7%)

N=172

N= 18

N= 154

Good

86 (50.0%)

13 (72.2%)

73 (47.4%)

Moderate

73 (42.4%)

4 (22.2%)

69 (44.8%)

Bad

13 (7.6%)

1 (5.6%)

12 (7.8%)

N=202

N= 23

N= 179

Retention lower

Occlusion

212

Good

151 (74.8%)

21 (91.3%)

130 (72.6%)

Moderate

47 (23.3%)

2 (8.7%)

45 (25.1%)

Bad

4 (2.0%)

0 (0.0%)

4 (2.2%)
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Table 3 shows the number of occluding pairs. Participants with dementia had
VLJQLıFDQWO\IHZHURFFOXGLQJSDLUV PHGLDQ ,45 WKDQSDUWLFLSDQWVZLWK
MCI (median= 3.0, IQR 0.0-7.5), U= 3838.50, p< 0.001. In addition, 13.0% of the
participants with dementia had 0-2 occluding pairs and no prostheses, while this
was 0.0% in those with MCI.
Table 3: Occluding pairs (OP), by cognitive status
All participants

Total (n=335)

MCI ** (n=41)

Dementia ** (n=292)

Total occluding pairs, median (IQR)

0.0 (0.0-2.0)

3.0 (0.0-7.5)

0.0 (0.0-1.0)

Functional categories

Total (n=335)

MCI ** (n=41)

Dementia ** (n=292)
38 (13.0%)

0-2 OP & no prostheses

38 (11.4%)

0 (0.0%)

0-2 OP & prostheses

213 (64.0%)

19 (46.3%)

194 (66.4%)

3-5 OP

23 (6.9%)

5 (12.2%)

18 (6.2%)

59 (17.7%)

17 (41.5%)

42 (14.4%)

Dentate participants

Ɗ23

Total (n=187)

MCI * (n=35)

Dementia * (n=157)

Total occluding pairs, median (IQR)

2.0 (0.0-7.0)

5.0 (0.0-9.0)

1.0 (0.0-6.0)

*p< 0.05, **p< 0.001

Table 4 shows that the Spearman’s rho correlation indicated a weak positive
association between number of occluding pairs and the MMSE score, r= 0.267,
p< 0.001 for all participants and r= 0.206, p= 0.009 for dentate participants only.
When adjusted for age with a Spearman’s rho partial correlation, the correlation
decreased to r= 0.230, p< 0.001 for all participants and r= 0.184, p= 0.020 for
dentate participants.
Table 4: Spearman’s rho partial correlation between occluding pairs and MMSE, corrected for age
Occluding pairs

Correlation with MMSE

P value

Correlation with MMSE,
corrected for age

P value

All

0.267

< 0.001

0.230

< 0.001

Dentate

0.206

0.009

0.184

0.020
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Table 5 shows that the median tooth wear score was 2.0 (IQR 2.0-2.0) in the MCI and
WKHGHPHQWLDJURXS7KHUHZHUHQRVLJQLıFDQWGLĳHUHQFHVFRQFHUQLQJWKHGHJUHHRI
tooth wear between the both groups, U= 2461.50, p= 0.127.
Table 5: Highest degree of tooth wear, by cognitive status
Tooth wear

Total (n=169)

MCI (n=34)

Dementia (n= 135)

Highest score, median (IQR)

2.0 (2.0-2.0)

2.0 (2.0-2.0)

2.0 (2.0-2.0)

1 (0.6%)

1 (2.9%)

0 (0.0%)

Highest score, N(%)
0
1

7 (4.1%)

2 (5.9%)

5 (3.7%)

2

158 (93.5%)

31 (91.2%)

127 (94.1%)

3

2 (1.2%)

0 (0.0%)

2 (1.5%)

4

1 (0.6%)

0 (0.0%)

1 (0.7%)

Table 6 shows the results of the mandibular examination. The active maximum mouth
RSHQLQJZDVVLJQLıFDQWO\ODUJHULQSDUWLFLSDQWVZLWK0&, 0HDQ 6'PP 
than in those with dementia (Mean=45.8, SD 9.3 mm), t (253) = 2.67, p= 0.008.
)XUWKHUPRUHWKHGLĳHUHQFHEHWZHHQDFWLYHDQGSDVVLYHPD[LPXPPRXWKRSHQLQJ
ZDVVLJQLıFDQWO\VPDOOHULQSDUWLFLSDQWVZLWK0&, 0HGLDQ ,45 WKDQLQ
those with dementia (Median= 4.0, IQR= 2.0-6.0), U= 5822.00, p< 0.001. There was
DVLJQLıFDQWUHODWLRQEHWZHHQWKHDFWLYHPD[LPXPPRXWKRSHQLQJDQGWKH006(
score, r= 0.320, p < 0.001. The active maximum mouth opening was less than
40mm in 13.6% of the participants with MCI and 27.0% of those with dementia, U=
3845.00, p= 0.027.
Table 6: Mandibular examination, by cognitive status
Mandibular examination

Total (n=255) MCI (n=44)

Dementia (n=211)

Overbite, median (IQR) mm

2.0 (1.0-3.0)

3.0 (1.0-4.0)

2.0 (1.0-3.0)

Active maximum, mean (SD) mm

45.8 (9.3) *

46.5 (9.2)

49.8 (8.1) *

<40mm, N (%)

63 (24.7%)

6 (13.6%)

57 (27.0%)

40-60mm, N (%)

176 (69.0%)

33 (75.0%)

143 (67.8%)

>60mm, N (%)

16 (6.3%)

5 (11.4%)

11 (5.2%)

50.8 (8.6)

52.3 (7.7)

50.5 (8.7)

2.0 (1.0-4.0) *

4.0 (2.0-6.0) *

Passive maximum, mean (SD) mm

'LĳHUHQFHDFWLYH SDVVLYHPHGLDQ ,45 PP 3.0 (2.0-6.0)
*p< 0.05
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DISCUSSION

The aim of this study was to examine and compare the oral function of older people
with MCI or dementia. In summary, for most participants with MCI or dementia the
swallowing and chewing ability was perceived as good. In addition, more than half
of the prostheses had good retention and occlusion. Participants with more severe
FRJQLWLYHLPSDLUPHQWKDGVLJQLıFDQWO\IHZHURFFOXGLQJSDLUVDQGDVLJQLıFDQWO\VPDOOHU
active mouth opening. The degree of tooth wear was less than one third of the clinical
crown in most participants with MCI or dementia.
Strengths and limitations

One of the strengths of this study was the large sample of participants with MCI or
dementia. Furthermore, all participants were examined by one dentist with experience
in geriatric dentistry, who was blinded for the MCI or dementia diagnosis in the
outpatient clinic and blinded for the MMSE score in the outpatient clinics as well as
in the nursing homes.
One of the limitations of this study was the cross-sectional observational design,
which did not include older people without cognitive impairment and did not follow
the participants in time, including their dental and prosthesis history. Furthermore,
there was a potential risk of bias concerning the inclusion of a representative number
of participants with severe cognitive impairment. At the same time, it became more
complicated to perform a mandibular examination as the cognitive impairment
increased.
Interpretation and clinical implications

In the present study, the retention of prostheses was considered moderate or bad in
41.6% of the upper and 50.0% of the lower prostheses, compared to an unsatisfactory
retention in 62.5% of the upper and 47.8% of the lower prostheses in participants
with AD in a study by Ribeiro and colleagues [30]. Furthermore, Adam and Preston
reported the denture retention as satisfactory in 76.7% of the participants with no
or mild dementia and 76.0% of the participants with moderate or severe dementia,
thus indicating lower percentages of around 24% for unsatisfactory retention of the
GHQWXUHV>@7KHGLĳHUHQFHVEHWZHHQWKHVWXGLHVPLJKWEHH[SODLQHGE\DQDFWXDO
GLĳHUHQFHLQTXDOLW\RIWKHGHQWXUHVRUDGLĳHUHQFHLQWKHVXEMHFWLYHDVVHVVPHQWRI
the quality.
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Although the reported percentage of participants with impaired quality of swallowing
was less than 10%, the quality of swallowing in this group might be improved by
adjustments in the consistency of the food and drinks, body positioning, and the
XVHRIVSHFLıFHTXLSPHQW>@ZKLFKFDQEHVXSSRUWHGE\DVSHHFKWKHUDSLVW7KH
quality of chewing could be improved with removable prostheses in people with mild
to moderate dementia, for example by manufacturing, adjustment, or replacement of
partial of full prostheses by a dentist or prosthodontist [33].
In the present study, 13.0% of the participants with dementia had fewer than 3
occluding pairs and no prostheses. This might be due to malfunction or loss
of previous prostheses, but could also be a result of the dementia and lack of
acceptance, especially in more severe dementia [31]. The loss of teeth without
replacement with prostheses implies severe loss of oral functioning [34].
In a sample of 153 Dutch older adults (65-74 years), the mean tooth wear score was
2.1 (SD 2.1) [13]. This was comparable with the median tooth wear score of 2.0 (IQR
2.0-2.0) in the present group of participants with MCI or dementia. From this study
there is no indication for an increase in bruxism or other parafunctions in participants
with MCI or dementia, in contrast with people with other neurodegenerative diseases,
VXFKDV3DUNLQVRQŖVGLVHDVH 9HUKRHĳHWDOVXEPLWWHG 
A study from Schmitter and colleagues about the prevalence of signs and symptoms
of temporomandibular disorders in older people aged 68 to 96, found an active
maximum mouth opening of 45.0 (SD 1.1) mm and a passive mouth opening of 46.9
(SD 1.1) [10]. In the present sample of participants with MCI or dementia, a mean
maximum of 46.5 (SD 9.2) mm for active mouth opening and of 50.8 (SD 8.6) for
passive mouth opening were found. Both means fall within the range for the general
population and the active mouth opening seems comparable with the study from
Schmitter, while the passive mouth opening seems larger in the present study. In the
present study, 24.7% of the participants with MCI or dementia had an active maximum
mouth opening less than 40mm, which was considered limited [35]. In addition to
myogenic or arthrogenic constraints, neurological and cognitive changes might play
a role in limited mouth opening in people with dementia. In this study, it could be
possible that not all participants were able to fully comprehend the instruction to open
the mouth as far as possible, as a result of cognitive decline. This might also explain
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WKHVLJQLıFDQWGLĳHUHQFHEHWZHHQDFWLYHDQGSDVVLYHPRXWKRSHQLQJLQSDUWLFLSDQWV
of the MCI and the dementia group.
Regarding the clinical implications that have been discussed in the present study,
mainly the retention of prosthesis, maintenance of the occluding pairs, and the mouth
opening deserve the attention of clinicians, such as prosthodontists, dentists, and
speech therapists. These aspects of oral function are important for maintenance of
the food intake and quality of life in older people with cognitive impairment. For the
oral rehabilitation of people with advanced cognitive impairment small changes are
preferred, for example by relining or rebasing of existing prostheses. More extensive
rehabilitation should be done with maximum caution to the abilities, perspective, and
oral hygiene of the patient [36].
Generalizability

The present study included a large sample of participants with MCI or dementia
living in the Netherlands. The participants were living in the community, small-scale
living, and various nursing homes, and had mild, moderate, and severe cognitive
impairment. This sample thus seems representative for older people with MCI or
dementia in upper to middle income countries.
Future research

This study describes the subjective and objective oral function, but does not include
the objective chewing or mixing ability of the participants. This could be an interesting
addition, because it is an objective measurement of masticatory performance [37–39].
CONCLUSION

For most of the participants with MCI or dementia the swallowing and chewing ability
was perceived as good by the participants and their caregivers. In addition, more than
half of the prostheses had good retention and occlusion according to the examining
dentist. Participants with more severe cognitive impairment had fewer occluding pairs
and a smaller active mouth opening. The degree of tooth wear was smaller than one
third of the clinical crown in most participants with MCI or dementia.
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7KHıUVWDLPRIWKLVWKHVLVZDVWRGHYHORSDQGHYDOXDWHDQREVHUYDWLRQDORURIDFLDO
pain scale for people with cognitive impairment, especially dementia: the Orofacial
Pain Scale for Non-Verbal Individuals (OPS-NVI). The second aim was to study the
presence of orofacial pain and its potential causes in older people with Mild Cognitive
Impairment (MCI) or dementia. The third aim of this thesis was to study oral (dys)
function in older people with MCI or dementia.
The reviews of the existing literature in this thesis showed that people with dementia
often have oral health problems, such as caries, tooth root remnants (chapter 2) [1],
periodontitis, mucosal lesions, and hyposalivation (chapter 3) [2]. Furthermore, it was
indicated that orofacial pain was scarcely studied in people with dementia and that
no observational tool for orofacial pain was available (chapter 2) [1,3].
The OPS-NVI was developed in the Netherlands for people with cognitive impairment,
especially dementia (chapter 5) [4]. The psychometric evaluation of the OPS-NVI in
people with MCI or dementia showed high scores for the average negative agreement
DQGVSHFLıFLW\EXWORZVFRUHVIRUWKHDYHUDJHSRVLWLYHDJUHHPHQWDQGVHQVLWLYLW\RI
the individual items, as a result of a low prevalence of orofacial pain for the separate
subscales ‘resting’, ‘drinking’, ‘chewing’, and ‘oral hygiene care’ (chapter 6) [4]. On
the one hand, orofacial pain was reported during daily oral activities, sensory testing,
mouth opening, or additional testing of teeth with caries profunda by 25.7% of the
179 participants who were considered to present a reliable pain self-report (chapter
7) [5]. On the other hand, oral examination showed that potentially painful conditions,
such as caries, tooth root remnants, and pressure ulcera were present in 50.3% of
the 348 participants (chapter 7). In addition, the oral examination showed that the
median number of Occluding Pairs was 0.0 (IQR 0.0-1.0), the median tooth wear
score was 2.0 (IQR 2.0-2.0), and the active maximum mouth opening was smaller in
participants with dementia than in those with MCI (chapter 8) [6].
STRENGTHS AND LIMITATIONS

One of the strengths of the Pain in Dementia Amsterdam (PainDemiA) study was
the large sample size, including participants with MCI and mild to severe dementia
(chapter 4). Furthermore, for the dentistry part of the PainDemiA study, orofacial
pain was assessed extensively, including self-report immediately after rest, drinking,
chewing, and oral hygiene care, as well as by sensory testing, and during active
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mouth opening (chapter 6). Moreover, potential causes of pain were examined with
a structured dental examination in all participants by the same dentist experienced
in geriatric dentistry, who was blinded for the MCI and dementia diagnosis in the
outpatient clinic and blinded for the Mini Mental State Examination (MMSE) score in
the outpatient clinics as well as in the nursing homes (chapter 6, 7, and 8).
A major limitation of the dentistry part of the PainDemiA study was that the
SRVLWLYH DJUHHPHQW DQG VHQVLWLYLW\ RI WKH 23619, ZHUH QRW VXĴFLHQW WR XVH WKH
pain observation of people who were not able to provide a reliable self-report for
the presence of orofacial pain (MMSE below 14). For this reason, the follow-up
observation (after three months) of the participants who showed pain at the baseline
observation with the OPS-NVI was not used either, although this was originally
planned. Another limitation was the low inclusion of participants with Frontotemporal
Dementia (FTD) and Dementia with Lewy bodies (DLB). This can be explained by the
inclusion criteria and setting of the PainDemiA study [7]. The inclusion of participants
of 65 years and older narrowed down the chances of including FTD, because the
mean age of onset in FTD is below this criterion [8]. Furthermore, a large sample
was included at an outpatient clinic for memory complaints, where it is more likely to
include Alzheimer’s Disease (AD) and less likely to include FTD, which often manifests
with other initial symptoms [8–10]. In people with FTD, changes in personality and
EHKDYLRUDQGGLĴFXOWLHVZLWKODQJXDJHDUHFKDUDFWHULVWLFIRUWKHHDUO\VWDJHV>@,Q
SHRSOHZLWK'/%YLVXDOKDOOXFLQDWLRQVDQGĲXFWXDWLRQLQFRJQLWLRQHVSHFLDOO\DWWHQWLRQ
executive functioning, and visuospatial ability are amongst the early symptoms [9].
The presence of psychiatric and neurologic symptoms in the early stages of FTD
and DLB, makes it more likely that people will seek initial care at other medical
departments than a memory clinic, such as a neurology department [8]. However,
research on orofacial pain in dementia is scarce, and to our knowledge, research
on orofacial pain in dementia subtypes is absent [1]. Another limitation was the use
of the MMSE as indicator for cognitive impairment. The MMSE mainly tests episodic
memory, including orientation in time and place, and is less sensitive to prefrontal
dysfunction [8]. Therefore, the MMSE is mainly useful for AD and less useful for FTD
and Vascular Dementia (VaD) [8–10]. However, for the dementia subtype diagnosis,
multidisciplinary examination, including neuropsychological testing was performed [7].
Furthermore, the MMSE is a widely used instrument, which can be used in people
with more severe cognitive impairment than neuropsychological testing [11].
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INTERPRETATION AND IMPLICATIONS
Orofacial pain assessment

Although the limited prevalence of orofacial pain in the PainDemiA study complicates
the psychometric evaluation of the separate subscales ‘rest’, ‘drinking’, ‘chewing’, and
‘oral care’ of the OPS-NVI, the inclusion of 348 participants provided more insight in
the presence and observational assessment of orofacial pain in older people with
0&,RUGHPHQWLD FKDSWHU +HUHDIWHUWKHıQGLQJVRIWKHVXEVFDOHVŕUHVWŖŕGULQNLQJŖ
‘chewing’, and ‘oral care’ of the OPS-NVI will be discussed separately. The subscale
‘rest’ was mainly a baseline measurement for orofacial pain. Removal of the subscale
‘rest’ can be considered, although observation without oral activity is recommended
to get an impression of the behavior of the person without potential orofacial pain
stimuli. The subscale ‘drinking’ was impossible to evaluate within the PainDemiA
study, because none of the 117 verbal, dentate participants reported orofacial pain
during drinking. However, drinking cold beverages is the main trigger for painful
pulpitis and it is suggested to evaluate the subscale drinking of the OPS-NVI in
participants where orofacial pain is present. The subscale ‘chewing’ showed fairto-good to excellent interobserver and intraobserver reliability for observation of the
video clips of the ‘STA-OP!’ study (chapter 5). Furthermore, the subscale ‘chewing’
KDG D SRVLWLYH DJUHHPHQW RI  D QHJDWLYH DJUHHPHQW RI  D VSHFLıFLW\ RI
88%, and a sensitivity of 53% for the overall estimated presence of orofacial pain
in the PainDemiA study (chapter 6) [4]. Although the positive agreement, negative
DJUHHPHQW DQG VSHFLıFLW\ DUH VXĴFLHQW LQ WKH 3DLQ'HPL$ VWXG\ WKH VHQVLWLYLW\ LV
below 60%. However, only 17 of the 176 participants who were able to present
a reliable pain self-report indicated pain while chewing. In addition, chewing is
an important trigger for painful apical periodontitis and temporomandibular pain.
Therefore, it is suggested to evaluate the subscale ‘chewing’ of the OPS-NVI in
more participants where orofacial pain is present (chapter 5 and 6). The subscale
‘oral hygiene care’ had a positive agreement of 43%, a negative agreement of 88%,
DVSHFLıFLW\RIDQGDVHQVLWLYLW\RIIRUWKHRYHUDOOHVWLPDWHGSUHVHQFHRI
orofacial pain [4]. $OWKRXJKWKHQHJDWLYHDJUHHPHQWDQGVSHFLıFLW\ZHUHYHU\JRRGWKH
SRVLWLYHDJUHHPHQWDQGVHQVLWLYLW\ZHUHLQVXĴFLHQW,QDGGLWLRQDSUHYLRXVVWXG\DERXW
the mouth care item of the Mobilization-Observation-Behavior-Intensity-Dementia
(MOBID) pain scale indicated that pain-related behavior, such as pain noises, facial
expressions, and defense and dementia-related behavior during oral hygiene care
could not be interpreted reliably by elderly care dentists [12]. Furthermore, pain during
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RUDOK\JLHQHFDUHLVRIWHQFDXVHGE\JLQJLYDOLQĲDPPDWLRQZKLFKLVHDVLO\YLVLEOHE\
EOHHGLQJRIWKHJXPVGXULQJEUXVKLQJ7KHPDLQWKHUDS\IRUJLQJLYDOLQĲDPPDWLRQLV
good oral hygiene care [13], which should always be the intention. Altogether, it is
suggested to omit the subscale ‘oral hygiene care’ of the OPS-NVI. In conclusion,
for the diagnostic assessment of orofacial pain it is suggested to observe individual
people in rest to get a baseline impression and to evaluate the subscales ‘drinking’
and ‘chewing’ of the OPS-NVI in more people with actual presence of orofacial pain
(chapter 5 and 6).
Orofacial pain and potential causes

The presence of orofacial pain was reported by a quarter of the verbal participants,
while it could not be determined in nonverbal participants (chapter 7). Furthermore, the
SUHVHQFHRIRURIDFLDOSDLQZDVQRWVLJQLıFDQWO\GLĳHUHQWEHWZHHQWKHPDLQGHPHQWLD
subtypes: AD, VaD, FTD, and DLB (chapter 7). The comparison between the pain
self-report (in participants with MMSE 14 or higher) and the oral examination indicated
that many oral health problems, such as coronal caries, root caries, and tooth root
remnants were present, while no pain was reported (chapter 6) [4]. Therefore, the
presence of these potential causes of orofacial pain could not be used as indicator for
the presence of orofacial pain in participants who were not able to provide a reliable
pain self-report (MMSE lower than 14). Consequently, for the criterion validity of an
orofacial pain scale, oral examination cannot be used as a reference standard [14].
Instead, the reliable pain self-reports have to be used (in participants with MMSE 14
or higher). At the same time, the pain self-report cannot be used as an indicator for
WKHSUHVHQFHRIRUDOKHDOWKSUREOHPV,QRUGHUWRDYRLGLQĲDPPDWLRQDQG IXWXUH SDLQ
a regular oral health assessment is imperative.
This thesis indicated that people with more severe cognitive impairment had
VLJQLıFDQWO\OHVVWHHWKSUHVHQWPRUHWHHWKZLWKFRURQDOFDULHVDQGPRUHWRRWKURRW
remnants (chapter 7). After correcting for age, the number of teeth present and the
number of teeth with coronal caries was associated with cognitive status, while
the higher number of teeth with root caries could be explained by the higher age
within the group of participants with dementia (chapter 7). An important risk factor
for these potentially painful conditions is the presence of dental plaque, as a result
RILQVXĴFLHQWRUDOK\JLHQH>@:LWKWKHSURJUHVVLRQRIWKHFRJQLWLYHLPSDLUPHQWLQ
dementia, a decline in cognitive and motor function takes place, and consequently
the ability to perform oral hygiene care decreases [16]. Therefore, evaluation and
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support of oral hygiene care in people with dementia is essential in maintaining a
healthy oral situation.
Oral (dys)function

In chapter 8 it was shown, that for most participants with MCI and dementia the
swallowing and chewing ability was reported as good by the participants and their
caregivers. In addition, more than half of the prosthetics had good function according
to the examining dentist. Furthermore, the level of tooth wear in the current population
was comparable to a study of older people without cognitive impairment [17]. Notably,
SDUWLFLSDQWVZLWKPRUHFRJQLWLYHLPSDLUPHQWKDGVLJQLıFDQWO\IHZHU2FFOXGLQJ3DLUV
(chapter 8). This can be explained by the lower number of teeth present.
CLINICAL RECOMMENDATIONS
Orofacial pain assessment and treatment

In people with MCI, the presence of orofacial pain can be evaluated by means of selfUHSRUWZLWKWKH1XPHULF5DWLQJ6FDOH 156 RUDĳHFWLYHO\ZLWKWKH)DFHV3DLQ6FDOH
- Revised (FPS-R) [18]. In people with more severe cognitive impairment, pain selfUHSRUWLVQRORQJHUSRVVLEOHDQGREVHUYDWLRQDOWRROVVKRXOGEHXVHG>@6SHFLıFDOO\
for the observational assessment of orofacial pain in people with cognitive impairment,
the OPS-NVI has been developed, and the psychometric evaluation in people with
MCI or dementia is ongoing (chapters 2 and 6) [3,4]. Although standard observational
screening for orofacial pain in all people with MCI or dementia is not recommended,
it is desirable to observe the presence of orofacial pain in non-verbal people with
dementia in combination with oral health problems (chapter 6). For now, the subscales
‘drinking’ and ‘chewing’ of the OPS-NVI can be used to observe behavior of nonverbal
people with oral health problems to estimate if orofacial pain is present [4,20]. If oral
health problems are present and/ or if orofacial pain is suspected, dental treatment
should be considered [21]. For the dental treatment of older people with dementia,
it is important to involve formal and informal caretakers and balance the treatment
necessity and the treatability of the person [21]. Especially in older people, it should
be considered if the intended dental treatment adds to the quality of life of the person.
,QSHRSOHZLWKGHPHQWLDFKDOOHQJLQJEHKDYLRUPLJKWEHSUHVHQWZKLFKFDQDĳHFW
the treatability of the person [22,23]. At the same time, challenging behavior can be
the result of the presence of pain and should be carefully evaluated [24]. If it is hard
WRGLĳHUHQWLDWHEHWZHHQFKDQJHVLQEHKDYLRUGXHWRSDLQDQGFKDQJHVLQEHKDYLRU
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due to other causes in people with dementia, such as obstipation or agitation, it is
possible to evaluate the behavior with and without pain medication [25].
Prevention of orofacial pain

,QRUGHUWRNHHSWKHRUDOFDYLW\IUHHRISDLQDQGLQĲDPPDWLRQJRRGRUDOK\JLHQHFDUH
is critical [26]. Therefore, it is recommended to evaluate the degree of oral hygiene
care regularly and to adapt the oral hygiene care support to the level of cognitive or
physical impairment [21].
For the improvement of oral health in community dwelling older people, the project
‘Don’t forget the mouth!’ (De mond niet vergeten!) was started in The Netherlands [27].
This project aims to increase the awareness of oral health, to provide information about
oral hygiene care, and to reinforce the multidisciplinary collaboration between oral
KHDOWKFDUHSURIHVVLRQDOVKRPHFDUHDQGJHQHUDOSUDFWLFHGRFWRUV7KHSURMHFWRĳHUV
a screening-referral tool for formal and informal caretakers to evaluate to which degree
older people can take care of their own oral hygiene and to determine if support by a
caretaker is necessary. In older people, regular evaluation of the level of oral hygiene
care is important to avoid deterioration of their oral health. Furthermore, the oral health
condition should be evaluated regularly by formal and informal caretakers. This can
be done with the internationally available Oral Health Assessment Tool (OHAT) [28]. If
WKHUHDUHGLĴFXOWLHVZLWKWKHRUDOK\JLHQHFDUHRULIRUDOKHDOWKSUREOHPVDUHSUHVHQW
an oral health care professional should be consulted.
For the improvement of oral health care in nursing homes, previous studies showed
that the following combination was critical: (1) providing general oral health information
WRLQFUHDVHWKHNQRZOHGJHRIFDUHWDNHUV  VNLOOVWUDLQLQJWRSURPRWHVHOIHĴFDF\
DQG  SURYLVLRQRIWKHULJKWPDWHULDOVWRIDFLOLWDWHRUDOK\JLHQHFDUH>@6SHFLıFDOO\
for institutionalized older people, the Oral health care Guideline for Older people
in Long-term care Institutions (OGOLI or Richtlijn Mondzorg) was developed [30].
This evidence-based guideline aims to improve the oral health of institutionalized
older people by (1) integrating oral health care into the individual care of the nursing
home resident, (2) education of professional caretakers at least every 18 months, (3)
UHJXODUHYDOXDWLRQRIVWUXFWXUHSURFHVVDQGHĳHFWLQGLFDWRUVRIWKHLPSOHPHQWDWLRQ
of the OGOLI [31]. The guideline includes practical recommendations for professional
caretakers [30].
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For both community dwelling and institutionalized older people an oral health care
professional should examine the oral health at least every 6 months in people with
natural dentition or implants, and at least annually in people without natural dentition
or implants [31]. A dentist should determine and evaluate the individual intermediate
period, depending on the level of oral hygiene care, oral health, cognitive impairment,
and general health, including oral dryness [21]. If older people are not able to come to
the dental practice because of cognitive or mobility problems, a home visit should be
RĳHUHGE\WKHRUDOKHDOWKFDUHSURIHVVLRQDO$WWKHPRPHQWWKHıQDQFLDOFRPSHQVDWLRQ
for home visits by oral health care professionals is limited. A better coverage of the
travel time and costs could lower the threshold for home visits that oral health care
professionals currently might experience.
Improvement of oral function

For the oral rehabilitation of people with advanced cognitive impairment, small
changes are preferred, for example by relining or rebasing of existing prosthetics [32].
More extensive rehabilitation should be done with maximum caution to the abilities,
perspective, and oral hygiene of the patient [33]. Some additional considerations for
dental treatment of people with dementia were already described under ‘Orofacial
pain assessment and treatment’.
FUTURE RESEARCH
Orofacial pain assessment

For the further development of an observational, diagnostic tool for orofacial pain in
people with cognitive impairment and aphasia or dysphasia, it is recommended to
choose a design in which orofacial pain is more likely to be present than by screening
the general population [4]. For example, by including only participants where potential
causes of orofacial pain are present. Although a diagnostic observational tool for
orofacial pain is especially desirable for people with moderate-to-severe cognitive
impairment (including those with an MMSE score below 14), criterion validity can
RQO\EHDVVHVVHGZKHQDUHOLDEOHSDLQVHOIUHSRUWLVDYDLODEOH 006(VFRUHƊ WR
serve as a reference standard for the presence of orofacial pain [4]. Therefore, it is
suggested to assess the presence of orofacial pain by means of observation and
self-report during drinking and eating in participants with mild-to-moderate cognitive
LPSDLUPHQW 006(VFRUHƊ ZKRKDYHSRWHQWLDO IXWXUH VRXUFHVRISDLQ FKDSWHU
6) [4].
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Prevention of orofacial pain

In order to determine the presence of orofacial pain in people with communication
impairments, the further development of a diagnostic tool for orofacial pain is
necessary, as described previously. To prevent orofacial pain, good oral hygiene
and oral health are important. The project ‘Don’t forget the mouth!’ (De mond niet
vergeten!) was started to improve the oral health of community dwelling older
SHRSOH>@+RZHYHUWKHHĳHFWLYHQHVVRIWKHLPSOHPHQWDWLRQRIWKLVSURMHFWLQ7KH
Netherlands is still being evaluated (Nederlands Trial Register number NTR 6159). If
the implementation is proven to be successful in The Netherlands, it can be interesting
for other countries as well, since the oral health and oral hygiene in older people with
FRJQLWLYHLPSDLUPHQWLVLQVXĴFLHQWLQVHYHUDOFRXQWULHV FKDSWHUDQG ,QWKHIXWXUH
the improvement of oral health of community dwelling older people by increasing
awareness and knowledge about oral health and multidisciplinary collaboration gets
even more important, because the number of older people is growing and more
people with dementia are expected to continue to live at home. Currently, not enough
oral health care professionals provide home visits to this growing group of community
dwelling older people. Therefore, it is suggested to evaluate the barriers that oral
KHDOWK FDUH SURIHVVLRQDOV H[SHULHQFH DQG HYDOXDWH WKH HĳRUW DQG FRVWV IRU KRPH
visits to community dwelling older people. In this respect, it is important to assess
WKHEHQHıWVRISUHYHQWLRQDQGWKHFRVWVRIFXUDWLRQRIRUDOGLVHDVHLQVRFLDODVZHOO
DVıQDQFLDOWHUPV,WVKRXOGEHFRQVLGHUHGWKDWWUHDWPHQWRISHRSOHZLWKFRJQLWLYH
impairment gets more burdening, as well as time consuming with the progression
of the disease.
Several studies were undertaken for the improvement of oral health in nursing homes
[34–37]. However, the oral health care for people with severe cognitive impairment
LQFDUHIDFLOLWLHVUHPDLQVGLĴFXOWHVSHFLDOO\LIFKDOOHQJLQJEHKDYLRULVSUHVHQW>@
Future studies should further evaluate which psychological interventions can reduce
resistance in people with cognitive impairment during oral care and enhance support
by caretakers.
Oral function

7KLVWKHVLVHYDOXDWHGGLĳHUHQWDVSHFWVRIRUDOIXQFWLRQVXFKDVWKHSHUFHLYHGTXDOLW\
of chewing and swallowing, and the measured level of tooth wear, mouth opening,
and the number of occluding units (chapter 8). Although chewing was evaluated
qualitatively in this thesis, it was not reported quantitatively, for example by measuring
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mixing ability with a two-colored chewing gum [40,41]. This might be interesting,
because a relation between chewing and cognition was shown in animal studies,
but it was not unequivocally established in human studies [33,42]. It is possible, that
a multifactorial relation is present between chewing, cognition, self-care, nutrition,
stress, and pain [33]. For future studies, it is suggested to further explore the
association between these factors.
CONCLUSIONS

An overview of the conclusions will be listed hereafter.
Review of oral health in older people with dementia (chapter 1 and 2)

• Older people with dementia often have oral health problems, such as caries,
tooth root remnants, periodontitis, mucosal lesions, and hyposalivation.
• Orofacial pain was scarcely studied in older people with dementia.
• No observational tool for orofacial pain in nonverbal people with cognitive
impairment was available.
Orofacial pain assessment (chapter 5)

•

•
•
•
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Screening for orofacial pain with the OPS-NVI in all people with cognitive
impairment is not recommended, while oral health examination and diagnostic
assessment of orofacial pain are.
The presence of oral health problems cannot be used as a reference standard
for the presence of oro(facia)l pain.
The subscale ‘rest’ of the OPS-NVI can serve as a baseline observation of
behavior, while the subscale ‘oral hygiene’ of the OPS-NVI should be omitted.
For the further development of a diagnostic tool for orofacial pain in nonverbal
people, the positive agreement and sensitivity of the subscales ‘drinking’
and ‘chewing’ of the OPS-NVI should be evaluated in people with cognitive
LPSDLUPHQWZKRFDQSURYLGHDUHOLDEOHSDLQVHOIUHSRUW 006(VFRUHƊ ,WLV
recommended to evaluate the pain presence in people with potentially painful
orofacial conditions in order to increase the chances of including people with
orofacial pain.
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Orofacial pain and potential causes (chapter 6)

•

•
•

•

Orofacial pain was reported by 25.7% of the 179 participants who were
FRQVLGHUHGWRSUHVHQWDUHOLDEOHSDLQVHOIUHSRUW 006(VFRUHƊ ZKLOHLW
could not be determined for people with more severe cognitive impairment.
7KHSUHVHQFHRIRURIDFLDOSDLQZDVQRWVLJQLıFDQWO\GLĳHUHQWEHWZHHQWKHPDLQ
dementia subtypes: AD, VaD, FTD, and DLB.
The oral health examination of the 348 participants indicated that potentially
painful conditions such as coronal caries, root caries, tooth root remnants, or
ulcers were present in 50.3%.
7KHUHZDVDVLJQLıFDQWFRUUHODWLRQEHWZHHQWKHOHYHORIFRJQLWLYHLPSDLUPHQW
and the number of teeth, teeth with coronal caries, and the number of tooth
root remnants, after adjusting for age. The higher number of teeth with root
caries could be explained by the higher age within the group of participants
with dementia.

Oral (dys)function (chapter 7)

•
•
•
•

For most participants with MCI and dementia the quality of chewing and
swallowing was perceived as good by the participants or their caregivers.
More than half of the prostheses had good retention and occlusion according
to the examining dentist.
Participants with more severe cognitive impairment had fewer occluding pairs
and a smaller active mouth opening.
The degree of tooth wear was smaller than one third of the clinical crown in
most participants with MCI or dementia.

9
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Synopsis

This thesis added to the development of an observational tool for non-verbal people
with cognitive impairment and the psychometric evaluation of the Orofacial Pain Scale
for Non-Verbal (OPS-NVI) in people with cognitive impairment, especially dementia. In
addition, it indicated that almost half of the examined people with MCI and dementia
had potentially painful conditions, such as caries, tooth root remnants, and pressure
ulcers. Furthermore, it discussed scarcely studied aspects of oral function in people
with MCI and dementia, such as the number of occluding pairs, mouth opening, and
degree of tooth wear.
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CHAPTER 10

7KHıUVWDLPRIWKLVWKHVLVZDVWRGHYHORSDQGHYDOXDWHDQRURIDFLDOSDLQVFDOHIRU
people with cognitive impairment, especially dementia: the Orofacial Pain Scale for
Non-Verbal Individuals (OPS-NVI). The second aim was to study the presence of
orofacial pain and its potential causes in older people with Mild Cognitive Impairment
(MCI) or dementia. The third aim of this thesis was to study oral (dys)function in older
people with MCI or dementia.
Below the main results of each chapter of this thesis will be summarized.
PART I: REVIEWS
CHAPTER 2 – SYSTEMATIC REVIEW OF ORAL HARD TISSUES AND
OROFACIAL PAIN IN PEOPLE WITH DEMENTIA

This chapter provides a systematic review of literature concerning the health of oral
hard tissues and orofacial pain in older people with dementia, compared to older
people without dementia [1]. The 37 included studies indicated that the number
of teeth present, the Decayed Missing Filled Teeth (DMFT) index, percentage of
edentulous people, and prosthesis use was comparable in people with and without
dementia. However, the presence of caries and tooth root remnants was higher in
older people with dementia than in those without. Moreover, it was indicated that
orofacial pain was scarcely studied.
CHAPTER 3 – COMPREHENSIVE REVIEW OF ORAL SOFT TISSUES AND
ORAL HYGIENE IN PEOPLE WITH DEMENTIA

In addition to the previous chapter, a comprehensive review with focus on the health
of oral soft tissues and oral hygiene in older people with dementia is provided [2].
The 36 included studies showed that older people with dementia had high scores
for gingival bleeding, periodontitis, plaque, and assistance for oral hygiene care. In
DGGLWLRQFDQGLGLDVLVVWRPDWLWLVDQGUHGXFHGVDOLYDU\ĲRZZHUHIUHTXHQWO\SUHVHQW
in older people with dementia.
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PART II: METHODOLOGY
CHAPTER 4 – STUDY PROTOCOL OF THE PAIN IN DEMENTIA AMSTERDAM
(PAINDEMIA) STUDY

This chapter describes the protocol of the PainDemiA study [3], of which the current
thesis is a part. The participants of the PainDemiA study were recruited in outpatient
FOLQLFV DQG QXUVLQJ KRPHV WR LQFOXGH GLĳHUHQW OHYHOV RI FRJQLWLYH LPSDLUPHQW DQG
various subtypes of dementia, e.g. Alzheimer’s disease, mixed dementia, vascular
dementia, Frontotemporal dementia, and Dementia with Lewy Bodies. The inclusion
criteria were MCI or dementia diagnosis and aged 60 years or older. All participants
were examined by an elderly care medicine trainee, a dentist with experience in
geriatric dentistry, and a neuropsychologist. The primary outcome variable was pain
and the secondary outcome variables were oral health, autonomic responses to
pain, vital and gnostic sensibility, musculoskeletal functioning, cognitive functioning,
neuropsychiatric symptoms, and quality of life. This thesis describes the dentistry
related outcomes: orofacial pain and oral health and function.
CHAPTER 5 – RELIABILITY TESTING OF THE ‘CHEWING’ SUBSCALE OF THE
OPS-NVI

The reliability of the subscale ‘chewing’ of the OPS-NVI is discussed in this chapter
[4]. For this study, 237 video clips of the ‘STA-OP!’ study were observed by two
observers to examine the inter- and intra-observer reliability of the subscale ‘chewing’
of the OPS-NVI. After item-reduction, 6 items remained, with an Intraclass Correlation
&RHĴFLHQW ,&&   IRU LQWHUREVHUYHU UHOLDELOLW\ DQG DQ ,&&  IRU
intraobserver reliability. In conclusion, the subscale ‘chewing’ shows fair-to-good to
excellent interobserver and intraobserver reliability.
CHAPTER 6 – DEVELOPMENT AND PSYCHOMETRIC EVALUATION OF THE
OPS-NVI

In this chapter the development and psychometric evaluation of the OPS-NVI as a
screening tool for orofacial pain older people with MCI or dementia is presented [5].
The OPS-NVI is based on general items of the Pain Assessment in Impaired Cognition
3$,& PHWDWRRO>@DQGVSHFLıFLWHPVIRURURIDFLDOSDLQDVVXJJHVWHGE\/REEH]RR
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et al. after reviewing existing observational tools for orofacial pain [8]. For the crossVHFWLRQDOREVHUYDWLRQDOVWXG\WKDWLVGHVFULEHGLQWKLVFKDSWHUıUVWO\WKHSUHVHQFHRI
orofacial pain during rest, drinking, chewing, and oral hygiene care was observed in
348 PainDemiA participants with MCI or dementia using the OPS-NVI. Secondly, the
participants who were considered to present a reliable pain self-report were asked
about the presence of orofacial pain right after the aforementioned activities. Thirdly, in
all participants the oral health was examined by a dentist for the presence of potentially
painful conditions. In addition, the level of cognitive functioning was evaluated with
the Mini Mental State Examination (MMSE). For the psychometric evaluation, itemreduction, inter-reliability and criterion validity were determined. Summarizing table 1
shows the psychometric evaluation of the OPS-NVI for overall orofacial pain presence
during rest, drinking, chewing, and oral hygiene care. The presence of orofacial pain
in this population was low (0-10%), resulting in a positive agreement of 43-64%, a
QHJDWLYHDJUHHPHQWRIDVHQVLWLYLW\RIDQGDVSHFLıFLW\RI
for the overall presence of orofacial pain observed with the OPS-NVI.
Summarizing table 1: Psychometric evaluation of the OPS-NVI for orofacial pain presence
Orofacial pain presence

Rest

Drinking

Chewing

Oral care

Positive agreement

62%

64%

61%

43%

Negative agreement

96%

92%

91%

88%

Observed TP+FP

1%

2%

16%

15%

Reported TP+FN

1%

0%

10%

3%

Sensitivity TP/(TP+TN)

0%

n/a

53%

12%

6SHFLıFLW\71 71)3

99%

98%

88%

99%

TP: True Positive, FP: False Positive, FN: False Negative, FP: False Positive, N/A not applicable

Summarizing table 2 shows the psychometric evaluation of the individual items
of the OPS-NVI. The individual items of the OPS-NVI show a positive agreement of
DQHJDWLYHDJUHHPHQWRIDVHQVLWLYLW\RIDQGDVSHFLıFLW\
of 66-100%.
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Summarizing table 2: Psychometric evaluation of the individual items of the OPS-NVI
Individual items

Rest

Drinking

Chewing

Oral care

Positive agreement

0-90%

0-100%

31-77%

0-100%

Negative agreement

86-100%

77-100%

80-99%

84-100%

Observed TP+FP

0-34%

0-19%

0-34%

0-34%

Reported TP+FN

1%

0%

10%

3%

Sensitivity TP/(TP+TN)

0-100%

n/a

0-41%

0-67%

6SHFLıFLW\71 71)3

66-100%

73-100%

67-100%

66-100%

TP: True Positive, FP: False Positive, FN: False Negative, FP: False Positive, N/A not applicable

Furthermore, oral health problems, such as ulcers, tooth root remnants, and caries,
were present in 64.5% of all participants. The cross-tables in the article show that
oral health problems were frequently present, while no pain was reported.
In conclusion, the presence of orofacial pain in this population with MCI or dementia
is low, resulting in low scores for average positive agreement and sensitivity and
KLJKVFRUHVIRUDYHUDJHQHJDWLYHDJUHHPHQWDQGVSHFLıFLW\7KHUHIRUHWKH23619,
in its current form cannot be recommended as a screening tool for orofacial pain
in people with MCI or dementia. However, the psychometric evaluation provides
further insight for the adjustment of the OPS-NVI for diagnostic use. Notably, oral
health problems are frequently present, although no pain is observed or reported.
7KLVıQGLQJLQGLFDWHVWKDWWKHSUHVHQFHRIRUDOKHDOWKSUREOHPVFDQQRWEHXVHGDV
a new reference standard for the presence of orofacial pain in the development of a
diagnostic tool. Furthermore, this observation suggest that a regular oral examination
of people with cognitive impairment by care providers and oral care professionals
remains indispensable to maintain oral health.
PART III: CLINICAL STUDIES
CHAPTER 7 – OROFACIAL PAIN AND ITS POTENTIAL CAUSES IN OLDER
PEOPLE WITH MCI OR DEMENTIA

This chapter describes the presence of orofacial pain and its potential oral causes
in older people with MCI or dementia [9]. In this cross-sectional observational study,
the presence of orofacial pain and its potential causes was studied in 348 PainDemiA
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participants with MCI or dementia in two outpatient memory clinics and ten nursing
homes. Orofacial pain was reported by 25.7% of the 179 participants who were
FRQVLGHUHGWRSUHVHQWDUHOLDEOHSDLQVHOIUHSRUW 006(VFRUHƊSRLQWV ZKLOHLW
could not be determined for people with more severe cognitive impairment. The oral
health examination of the 348 participants indicated that potentially painful conditions
such as coronal caries, root caries, tooth root remnants, or ulcers were present in
7KHUHZDVDVLJQLıFDQWEXWZHDNFRUUHODWLRQEHWZHHQWKHOHYHORIFRJQLWLYH
impairment and the number of teeth, r= .185, p=.003, teeth with coronal caries, r=
-.238, p<.001, and the number of tooth root remnants, r=-.229, p=.004, after adjusting
for age. In conclusion, this study indicates that orofacial pain and its potential causes
are frequently present in people with MCI or dementia. Therefore, a regular oral
examination by (oral) healthcare providers in people with MCI or dementia remains
imperative, even if no pain is reported.
CHAPTER 8 – ORAL (DYS)FUNCTION OF OLDER PEOPLE WITH MCI OR
DEMENTIA

Clinical aspects of the oral function in older people with MCI or dementia are
described in this chapter [10]. This cross-sectional observational study included 348
PainDemiA participants with MCI or dementia aged 60 years or older. Global cognitive
functioning was evaluated with the MMSE and the oral function was evaluated with
subjective and objective assessments, including the perceived quality of chewing
and swallowing, the function of the prostheses, the number of Occluding Pairs, the
degree of tooth wear, and the active and passive maximum mouth opening. The
quality of chewing and swallowing was perceived as good in respectively 86.0%
and 90.9% of the participants. Full or partial prostheses were worn by 63.8% of the
participants and the retention was good in 58.4% of the upper and 50.0% of the lower
prostheses. Participants with MCI had a median of 3.0 (IQR 0.0-7.5) occluding pairs,
while participants with dementia had a median of 0.0 (IQR 0.0-1.0) occluding pairs,
U=3838.50, p<0.001. There was a weak positive correlation between the number
of occluding pairs and the MMSE score, r= 0.267, also when adjusted for age, r=
0.230. The median tooth wear score was 2.0 (IQR 2.0-2.0) in participants with MCI or
dementia. The active maximum mouth opening was 45.8 (SD 9.3) mm in participants
with dementia, while it was 49.8 (SD 8.1) mm in those with MCI, t (253) =2.67, p=
0.008. In conclusion, for most participants with MCI or dementia the swallowing and
chewing ability was perceived as good. In addition, more than half of the prostheses
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had good retention and occlusion. Participants with more severe cognitive impairment
had fewer occluding pairs and a smaller active mouth opening. The degree of tooth
wear was less than one third of the clinical crown in most participants with MCI or
dementia.
SYNOPSIS

This thesis adds to the development of an observational tool for non-verbal people
with cognitive impairment and the psychometric evaluation of the Orofacial Pain Scale
for Non-Verbal (OPS-NVI) in people with cognitive impairment, especially dementia.
In addition, this thesis indicates that almost half of the examined people with MCI or
dementia have potentially painful conditions, such as caries, tooth root remnants, and
pressure ulcers. Furthermore, it discusses aspects of oral function that are scarcely
studied in people with MCI or dementia, such as the number of occluding pairs,
mouth opening, and degree of tooth wear.
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CHAPTER 11

Het eerste doel van dit proefschrift was het ontwikkelen en evalueren van een
observationele schaal voor orofaciale pijn voor mensen met een cognitieve beperking
en in het bijzonder dementie: de Orofaciale Pijnschaal voor Non-Verbale Individuen
(OPS-NVI). Het tweede doel was om de aanwezigheid van orofaciale pijn en de
mogelijke oorzaken ervan te onderzoeken bij ouderen met een milde cognitieve
beperking of dementie. Het derde doel van dit proefschrift was om orale (dys)functie
in ouderen met een milde cognitieve beperking of dementie te onderzoeken.
Hierna worden de hoofdbevindingen van elk hoofdstuk in dit proefschrift samengevat.
DEEL I: LITERATUURONDERZOEK
HOOFDSTUK 2 - LITERATUURONDERZOEK HARDE MONDWEEFSELS EN
OROFACIALE PIJN BIJ OUDEREN MET DEMENTIE

Dit hoofdstuk bestaat uit een systematisch literatuuronderzoek naar de harde
mondweefsels en orofaciale pijn bij ouderen met dementie, in vergelijking met
ouderen zonder dementie [1]. De 37 geïncludeerde studies lieten zien, dat het aantal
aanwezige tanden, de Decayed Missing Filled Teeth (DMFT) index, het percentage
tandenloosheid en het gebruik van gebitsprothesen vergelijkbaar was in mensen
met en zonder dementie. Er waren echter vaker cariës en wortelresten aanwezig bij
mensen met dementie. Daarnaast werd besproken dat orofaciale pijn nauwelijks was
onderzocht in deze groep.
HOOFDSTUK 3 - LITERATUURONDERZOEK ZACHTE MONDWEEFSELS EN
MONDHYGIËNE IN OUDEREN MET DEMENTIE

In aanvulling op het voorgaande hoofdstuk, is een literatuuronderzoek naar zachte
mondweefsels en mondhygiëne bij ouderen met dementie uitgevoerd [2]. De 36
geïncludeerde studies lieten zien dat ouderen met dementie hogere scores hadden
voor gingivitis (=tandvleesontsteking), parodontitis (=gevorderde tandvleesontsteking),
tandplaque en ondersteuning van de mondzorg. Daarnaast waren vaak candidiasis
(=schimmel), stomatitis (=mondslijmvliesontsteking) en verminderde speekselvloed
aanwezig bij ouderen met dementie.
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DEEL II: METHODOLOGIE
HOOFDSTUK 4 – STUDIEPROTOCOL VAN DE PAINDEMIA STUDIE

Dit hoofdstuk beschrijft het protocol van de ‘Pain in Dementia Amsterdam’ (PainDemiA),
ofwel ‘Pijn bij dementie Amsterdam’ studie [3], waarvan het huidige proefschrift
deel uitmaakt. De deelnemers van de PainDemiA studie werden geworven op
poliklinieken van ziekenhuizen en in verpleeghuizen, om mensen met verschillende
mate van cognitieve beperking en subtypes van dementie te includeren, d.w.z. de
ziekte van Alzheimer, gemengde dementie, vasculaire dementie, fronto-temporale
dementie en Lewy body dementie. De inclusie criteria waren een ‘Mild Cognitive
Impairment’ (MCI), ofwel milde cognitieve beperking of dementie diagnose en een
leeftijd van 60 jaar of ouder. Alle deelnemers werden onderzocht door een specialist
ouderengeneeskunde in opleiding, een tandarts met ervaring in de gerodontologie
(=ouderentandheelkunde) en een neuropsycholoog. De primaire uitkomstmaat was
pijn en de secundaire uitkomstmaten waren mondgezondheid, autonome reacties
op pijn, vitale en gnostische sensibiliteit, musculoskeletaal functioneren, cognitief
functioneren, neuropsychiatrische symptomen en kwaliteit van leven. Dit proefschrift
beschrijft de tandheelkundige uitkomstmaten orofaciale pijn, mondgezondheid en
orale functie.
HOOFDSTUK 5 – BETROUWBAARHEID VAN DE SUB SCHAAL ‘KAUWEN’
VAN DE OPS-NVI

De betrouwbaarheid van de sub schaal ‘kauwen’ van de OPS-NVI wordt besproken in
dit hoofdstuk [4]. Voor deze studie werden 237 video’s van de ‘STA-OP!’ studie door
twee observatoren bekeken om de inter- en intra- beoordelaar betrouwbaarheid van
de sub schaal ‘kauwen’ van de OPS-NVI te evalueren. Na itemreductie resteerden 6
RQGHUGHOHQYDQGHVFKDDOPHWHHQ,QWUDFODVV&RUUHODWLH&RßĴFLßQW ,&& 
voor inter-beoordelaar betrouwbaarheid en een ICC 0.40-0.92 voor intra- beoordelaar
betrouwbaarheid.
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HOOFDSTUK 6 – ONTWIKKELING EN PSYCHOMETRISCHE EVALUATIE VAN
DE OPS-NVI

In dit hoofdstuk worden de ontwikkeling en psychometrische evaluatie van de OPSNVI als screening instrument voor orofaciale pijn bij ouderen met MCI of dementie
besproken [5]. De OPS-NVI is gebaseerd op algemene items van de Pain Assessment
LQ,PSDLUHG&RJQLWLRQ 3$,& PHWDWRRO>@HQVSHFLıHNHLWHPVYRRURURIDFLDOHSLMQ
[8]. In de cross-sectionele observationele studie beschreven in dit hoofdstuk, werd
bij 348 PainDemiA deelnemers met MCI of dementie eerst de aanwezigheid van
orofaciale pijn gedurende rust, drinken, kauwen en mondverzorging geobserveerd
met de OPS-NVI. Direct na de genoemde activiteiten werd aan de deelnemers met
intact taalbegrip en spraak gevraagd of er sprake was van orofaciale pijn. Vervolgens
YRQGELMDOOHGHHOQHPHUVHHQPRQGRQGHU]RHNSODDWVPHWVSHFLıHNHDDQGDFKWYRRU
de aanwezigheid van mogelijke oorzaken van pijn. Daarnaast werd het cognitief
functioneren geëvalueerd met de Mini Mental State Examination (MMSE). Ten behoeve
van de psychometrische evaluatie vond item-reductie plaats en werden de interbeoordelaar betrouwbaarheid en criterium validiteit beoordeeld. Samenvattingstabel
1 laat de psychometrische evaluatie van de OPS-NVI voor de aanwezigheid van
orofaciale pijn zien gedurende rust, drinken, kauwen en mondverzorging. De
aanwezigheid van orofaciale pijn in de onderzochte populatie was laag (0-10%), wat
resulteerde in een positieve overeenkomst van 43-64%, een negatieve overeenkomst
YDQHHQVHQVLWLYLWHLWYDQHQHHQVSHFLıFLWHLWYDQYRRUGH
aanwezigheid van orofaciale pijn.
Samenvattingstabel 1: Psychometrische evaluatie van de OPS-NVI voor orofaciale pijn
Orofaciale pijn

Rust

Drinken

Kauwen

Mondzorg

Positieve overeenkomst

62%

64%

61%

43%

Negatieve overeenkomst

96%

92%

91%

88%

Geobserveerd TP+FP

1%

2%

16%

15%

Gerapporteerd TP+FN

1%

0%

10%

3%

Sensitiviteit TP/(TP+TN)

0%

n.v.t.

53%

12%

6SHFLıFLWHLW71 71)3

99%

98%

88%

99%

TP: True Positive, FP: False Positive, FN: False Negative, FP: False Positive, n.v.t. niet van toepassing

Samenvattingstabel 2 laat de psychometrische evaluatie van de afzonderlijke
items van de OPS-NVI zien. De afzonderlijke items van de OPS-NVI hadden een
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positieve overeenkomst van 0-100%, een negatieve overeenkomst van 77-100%, een
VHQVLWLYLWHLWYDQHQHHQVSHFLıFLWHLWYDQ
Samenvattingstabel 2: Psychometrische evaluatie van de afzonderlijke items van de OPS-NVI
Afzonderlijke items

Rust

Drinken

Kauwen

Mondzorg

Positieve overeenkomst

0-90%

0-100%

31-77%

0-100%

Negatieve overeenkomst

86-100%

77-100%

80-99%

84-100%

Geobserveerd TP+FP

0-34%

0-19%

0-34%

0-34%

Gerapporteerd TP+FN

1%

0%

10%

3%

Sensitiviteit TP/(TP+TN)

0-100%

n.v.t.

0-41%

0-67%

6SHFLıFLWHLW71 71)3

66-100%

73-100%

67-100%

66-100%

TP: True Positive, FP: False Positive, FN: False Negative, FP: False Positive, n.v.t. niet van toepassing

Bovendien kwamen mondproblemen, zoals (prothese) drukplaatsen, wortelresten en
cariës voor in 64.5% van alle deelnemers. In de kruistabellen van het artikel was te
zien dat deze mondproblemen vaak aanwezig waren, terwijl geen pijn gerapporteerd
werd.
Samenvattend, kwam in de onderzochte populatie met MCI of dementie weinig
orofaciale pijn voor, wat resulteerde in lage scores voor positieve overeenkomst en
VHQVLWLYLWHLWHQKRJHVFRUHVYRRUQHJDWLHYHRYHUHHQNRPVWHQVSHFLıFLWHLW*HEDVHHUG
op deze bevinding, wordt geconcludeerd dat de OPS-NVI niet kan worden
aangeraden als screeningsinstrument voor orofaciale pijn voor mensen met MCI
of dementie. Echter, de huidige psychometrische evaluatie geeft meer inzicht in de
verdere ontwikkeling van de OPS-NVI als diagnostisch instrument. Daarnaast was het
opvallend dat vaak mondproblemen aanwezig waren, terwijl geen pijn geobserveerd
of gerapporteerd werd. Dit impliceert dat de aanwezigheid van mondproblemen
niet als ‘gouden standaard’ kan dienen voor de aanwezigheid van orofaciale pijn
bij de ontwikkeling van een diagnostische tool. Daarnaast toonde het aan dat een
regelmatige controle van de mond bij mensen met MCI of dementie door zorgverleners
en mondzorgkundigen onmisbaar blijft om de mondgezondheid te borgen.
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DEEL III: KLINISCHE STUDIES
HOOFDSTUK 7 – OROFACIALE PIJN EN MOGELIJKE OORZAKEN IN
OUDEREN MET MCI OF DEMENTIE

Dit hoofdstuk omschrijft de aanwezigheid van orofaciale pijn en mogelijke oorzaken
in ouderen met MCI of dementie [9]. In deze cross-sectionele observationele studie,
werd de aanwezigheid van orofaciale pijn en mogelijke oorzaken onderzocht in
348 PainDemiA deelnemers met MCI of dementie op twee poliklinieken en tien
verpleeghuizen. Orofaciale pijn werd gerapporteerd door 25.7% van de 179 verbale
GHHOQHPHUVPHWHHQEHWURXZEDUH]HOIUDSSRUWDJH 006(VFRUHƊSXQWHQ WHUZLMO
deze niet betrouwbaar kon worden vastgesteld in deelnemers met een meer ernstige
cognitieve beperking. Het mondonderzoek van de 348 deelnemers liet zien, dat
mondproblemen, zoals coronale cariës, wortel cariës, wortelresten en (prothese)
GUXNSODDWVHQ DDQZH]LJ ZDUHQ ELM  (U ZDV HHQ VLJQLıFDQWH PDDU ]ZDNNH
correlatie tussen de mate van cognitieve beperking en het aantal aanwezige tanden
en kiezen, r=.185, p=.003, tanden met coronale cariës, r= -.238, p<.001, en het
aantal wortelresten, r=-.229, p=.004, na correctie voor leeftijd. Concluderend kan
worden gezegd, dat orofaciale pijn en mogelijke oorzaken hiervan vaak aanwezig
zijn in ouderen met dementie. Daarom is een periodiek mondonderzoek door (mond)
zorgverleners onmisbaar voor het behoud van mondgezondheid van ouderen met
MCI of dementie.
HOOFDSTUK 8 – ORALE (DYS)FUNCTIE BIJ OUDEREN MET MCI OF
DEMENTIE

Klinische aspecten van orale functie bij ouderen met MCI of dementie werden
beschreven in dit hoofdstuk [10]. Voor deze cross-sectionele observationele studie
werden 348 PainDemiA deelnemers met MCI of dementie van 60 jaar of ouder
geïncludeerd. Globaal cognitief functioneren werd geëvalueerd door middel van de
MMSE en de orale functie door middel van subjectieve en objectieve metingen,
inclusief de ervaren kwaliteit van kauwen en slikken, het functioneren van de
prothese, het aantal occluderende paren, de mate van gebitsslijtage en de actieve
en passieve mondopening. De kwaliteit van kauwen en slikken werd ervaren als goed
in respectievelijk 86.0% en 90.9% van de deelnemers. Een volledige of gedeeltelijke
gebitsprothese werd gedragen door 63.8% van de deelnemers en de retentie was
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goed bij 58.4% van de boven- en 50.0% van de onderprothesen. Deelnemers met MCI
hadden een mediaan van 3.0 (IQR 0.0-7.5) occluderende paren, terwijl deelnemers
met dementie een mediaan van 0.0 (IQR 0.0-1.0) occluderende paren hadden,
U=3838.50, p<0.001. Er was een zwakke positieve relatie tussen de MMSE score en
het aantal occluderende paren, r= 0.267, ook na correctie voor leeftijd, r= 0.230. De
mediane gebitsslijtage was 2.0 (IQR 2.0-2.0) in deelnemers met MCI of dementie. De
actieve mondopening was 45.8 (SD 9.3) mm in deelnemers met dementie, terwijl deze
49.8 (SD 8.1) was bij deelnemers met MCI, t (253) =2.67, p= 0.008. Samenvattend,
werd bij de meeste deelnemers met MCI en dementie de kwaliteit van kauwen slikken
beschouwd als goed. Daarnaast had meer dan de helft van de prothesen goede
retentie en occlusie. Deelnemers met een ernstigere cognitieve beperking hadden
minder occluderende paren en een kleinere mondopening. De mate van gebitsslijtage
was minder dan één derde van de klinische kroon in de meeste deelnemers met
MCI of dementie.
SYNOPSIS

Dit proefschrift draagt bij aan de ontwikkeling van een observatie instrument voor
de diagnostiek van orofaciale pijn bij mensen met een cognitieve beperking en de
psychometrische evaluatie van de Orofaciale Pijnschaal voor Non-Verbale Individuen
(OPS-NVI) bij mensen met cognitieve beperking, in het bijzonder dementie. Daarnaast
laat dit proefschrift zien dat bij bijna de helft van de deelnemers met MCI of dementie
mogelijke oorzaken van pijn in de mond aanwezig zijn, zoals cariës, wortelresten en
(prothese) drukplaatsen. Verder worden aspecten van orale functie besproken die
nauwelijks onderzocht zijn bij ouderen met MCI of dementie, zoals occluderende
paren, mondopening en mate van gebitsslijtage.
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Courses
2017

&RXUVHŕ6FLHQWLıF,QWHJULW\Ŗ
ACTA Research Institute, Amsterdam, the Netherlands

2017

Basiscursus Regelgeving Klinisch Onderzoek (BROK)
Examenbureau Medisch-Wetenschappelijk Onderzoeker, Amsterdam, the Netherlands

2016

Course ‘Advanced Data Analysis’
Vrije Universiteit, Amsterdam, the Netherlands

2015

&RXUVHŕ:ULWLQJD6FLHQWLıF$UWLFOHŖ
VU Taalcentrum, Amsterdam, the Netherlands

2014

Training school ‘The face of pain in dementia’ (grant)
Cooperation in Science and Technology, Amsterdam, the Netherlands

2013

Course ‘Presenting in English’
VU Taalcentrum, Amsterdam, the Netherlands

2013

Training school ‘Pain assessment in Patients with Impaired Cognition’ (grant)
Cooperation in Science and Technology, Clermont-Ferrand, France

2013

&RXUVHŕ3K'6XFFHVVDQG3HUVRQDO(ĴFDF\Ŗ
Vrije Universiteit HRM, Amsterdam, the Netherlands

2013

Course ‘Statistics, SPSS and methodology’
ACTA Research Institute, Amsterdam, the Netherlands

2012

Course ‘Oral Biology’
ACTA Research Institute, Amsterdam, the Netherlands
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International work visit
2014

Knowledge exchange gerodontology (invitation)
University of Bergen, Bergen, Norway

(International) conferences
2018

Symposium ‘Preserving natural teeth in the oldest old – What is the impact on Quality of
Life and oral function?’
European College for Gerodontology, London, United Kingdom

2017

Seminar ‘How to publish a world class paper?’
VU library, Amsterdam, the Netherlands

2017

Conference ‘Geriatriedagen’
Nederlandse Vereniging voor Klinische Geriatrie, ’s-Hertogenbosch, the Netherlands

2016

Symposium ‘De mond niet vergeten!’
ACTA Dental Education, Amsterdam, the Netherlands

2015

International Conference on Pain and Impaired Cognition
Cooperation in Science and Technology (COST), Amsterdam, the Netherlands

2013

Symposium ‘De mond niet vergeten!’
ACTA Dental Education, Amsterdam, the Netherlands

2013

Symposium ‘Amsterdam Symposium on Palliative Care’
VU Medisch Centrum, Amsterdam, the Netherlands

2013

Congres ‘Tussen de oren’
Vereniging Medisch Tandheelkundige Interactie, Amsterdam, the Netherlands

2012

Symposium ‘Pijn en gedrag bij dementie’
Universitair Netwerk Ouderenzorg Vumc, Amsterdam, the Netherlands

2012

Masterclass ‘Systematic literature search for reviews’
Vumc Bibliotheek, Amsterdam, the Netherlands

Oral Presentations
2018

Symposium ‘Pijn in een kwetsbaar brein’. ‘Orofaciale pijn – herkennen en behandelen’.
Pain And Impaired Cognition (PAIC), Utrecht, the Netherlands

2017

Thema middag ‘Onderzoek mondzorg ouderen’. ‘Orofaciale pijn bij dementie.’
Nederlandse Vereniging voor Gerodontologie (NVGd), Utrecht, the Netherlands

2017

Symposium ouderenzorg voor huisartsen ‘De mond niet vergeten!
Huisartsenkring Amstellandzorg, Amstelveen, the Netherlands

2017

Multidisciplinaire bijeenkomst deelnemers ‘de Mond niet vergeten!’ Casus ‘Pijn in de mond?’
‘De mond niet vergeten!’, Utrecht, the Netherlands

2016

Symposium ‘De mond niet vergeten!’ ‘De PainDemiA-studie: het tandheelkundige deel’.
‘De mond niet vergeten!’, Amsterdam, the Netherlands

2016

Cursus ‘Begeleiding mondgezondheid door casemanagers’.
Opleiding casemanagers dementie, Amsterdam, the Netherlands
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2016

Verwijzersavond voor gerodontologie ‘Orofaciale pijn bij dementie’.
MondVitaal, Amstelveen, the Netherlands

2016

Cordaan Symposium expertisecentrum dementie ‘Mondgezondheid en pijn bij dementie’.
Cordaan, Amsterdam, the Netherlands

2016

Nascholing ‘Omgang met ouderen met dementie.’
Nascholingsinstituut van het Verbond der Vlaamse Tandartsen (NIVVT), Hasselt,
Belgium

2016

Nascholing ‘Orofaciale pijn bij dementie. ‘
Nascholingsinstituut van het Verbond der Vlaamse Tandartsen (NIVVT), Hasselt,
Belgium

2016

Nascholing ‘Mondzorg voor ouderen.’
Nascholingsinstituut van het Verbond der Vlaamse Tandartsen (NIVVT), Hasselt,
Belgium

2015

Presentatie en klinische les gericht op verzorgenden ‘Pijn bij dementie en mondzorg.’
Cordaan Kleinschalig Wonen West Amsterdam, Amsterdam, the Netherlands

2015

Symposium ‘Pijn, mondzorg en bewegen bij ouderen met dementie’
Amstelring Bornholm, Hoofddorp, the Netherlands

2015

International knowledge exchange on gerondontology between Amsterdam and Bergen.
University of Bergen, Bergen, Norway

2015

Multidisciplinary information session ‘Orofaciale pijn bij ouderen met dementie.’
VU Medical Centre - Centre for Elderly Care Amsterdam (COGA), Amsterdam, the
Netherlands

2014

Spring school ‘The face of pain in dementia: Facts and fables of pain in patients with impaired
cognition’. Presentation ‘Orofacial Pain in Older Persons with Dementia.’
Cooperation in Science and Technology (COST), Amsterdam, the Netherlands

2014

COST work group TD 1005 meeting. ‘Orofacial Pain in Older Adults with Dementia.’
Cooperation in Science and Technology (COST), Amsterdam, the Netherlands

2014

Presentatie gerodontologen ‘Orofaciale pijn bij ouderen met dementie’
Studiegroep voor Gerodontologie, Oudorp, the Netherlands

2013

2nd Amsterdam Symposium on Palliative Care Lecture ‘Challenges of Orofacial Pain
Assessment in Elderly with Dementia’.
VU University Medical Centre Amsterdam, Amsterdam, the Netherlands

2013

European Spring School Lecture ‘Orofacial Pain in Dementia’.
European Cooperation in Science and Technology (COST), Clermont- Ferrand, France

2013

Symposium ‘De mond niet vergeten’ Workshop ‘Een gereedschapskist voor pijndiagnostiek
bij non-verbale ouderen’.
Academisch Centrum Tandheelkunde Amsterdam, Amsterdam, the Netherlands

Poster Presentation
2018
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Poster ‘Psychometric evaluation of the OPS-NVI as a screening tool for orofacial pain in
people with MCI or dementia’.
European College for Gerodontology, London, United Kingdom
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Supervision
2017

Postgraduate research article Oral Health Sciences Donya Parvaneh

2016

Dentistry Bachelor thesis Fatih Sert and Zubeyr Kilci

2015

Dentistry Master thesis Evelyne Gerwig

2015

Neuropsychology Research Master thesis Josephine Drijver

2015

Neuropsychology Research Master thesis Eveline van Kempen

2015

Dentistry Master thesis Renee Zwart

2015

Dentistry Master thesis Diane de Jong
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Suzanne Delwel was born on the 3rd of March 1983 in Rotterdam, The Netherlands.
In 2001 she graduated from high school at CSG Johannes Calvijn in Rotterdam.
After studying Bio-medical Sciences at the University of Amsterdam for one year,
she started to study Dentistry at the Academic Centre Dentistry Amsterdam (ACTA)
in Amsterdam, The Netherlands. Suzanne became a Master of Science in Dentistry
in December 2008.
From February 2009 up to now, Suzanne has been working as a dentist in dental
practices in Leiderdorp, Hoofddorp, Nieuw-Vennep, and Amstelveen. After two years
of working as a dentist (2011) she started up the professional oral health care at
nursing home Topaz Overrhyn in Leiden and has been working in gerodontology
ever since.
In October 2012 she started combining her clinical work in general and special care
dentistry with her PhD research ‘Orofacial Pain in Dementia’, which was part of the
multidisciplinary research project ‘PainDemiA’. For her PhD project, Suzanne was
DĴOLDWHGZLWKWKHGHSDUWPHQWRI2UDO.LQHVLRORJ\DWWKH$FDGHPLF&HQWUH'HQWLVWU\
Amsterdam (ACTA) in Amsterdam and the department of Clinical Neuropsychology
at the VU University Amsterdam, and was supervised by prof. dr. Frank Lobbezoo,
prof. dr. Erik Scherder, prof. dr. Cees Hertogh, and prof. dr. Roberto Perez †.
Currently, Suzanne is working as a dentist at MondVitaal in Amstelveen and at
Stichting Bijzondere Tandheelkunde in Amsterdam. She is working towards her
GLĳHUHQWLDWLRQLQ*HURGRQWRORJ\DVZHOODV0D[LOORIDFLDO3URVWKRGRQWLFV
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Dit promotie-avontuur begon via Ad van Andel, die ik op ACTA heb leren kennen
als een gedreven, humoristische docent. Later kwamen wij elkaar tegen via de
studiegroep voor gerodontologie en kwam van hem het voorstel om contact op te
nemen met Frank Lobbezoo, omdat hij samen met Erik Scherder een multidisciplinair
project over ‘Pijn bij dementie’ wilde starten. Mijn interesse werd gewekt door het
onderwerp en het multidisciplinaire karakter.
Ad van Andel, hartelijk dank dat jij mij hebt voorgesteld als kandidaat voor dit project.
Ik heb er enorm veel van geleerd en via deze weg veel leuke, interessante en kundige
mensen leren kennen. Erg leuk dat je tijdens het traject betrokken bent gebleven bij
de vorderingen.
Promotoren en copromotoren

Prof.dr. F. Lobbezoo, eerste promotor. Beste Frank, heel hartelijk dank voor
de consequente begeleiding van mijn promotieonderzoek. Ik waardeer je
betrouwbaarheid in het nakomen van afspraken en je altijd snelle en nauwkeurige
UHDFWLHRSPLMQYUDJHQHQVWXNNHQ,NYLQGKHWıMQGDWMHGDDUQDDVWRRJKHEWYRRUGH
persoonlijke kant van de begeleiding. Ik kan oprecht zeggen dat ik me geen betere
begeleider had kunnen wensen!
Prof.dr. E.J.A. Scherder, copromotor. Beste Erik, hartelijk dank voor je initiatief
voor het PainDemiA project en jouw opname van mij als tandarts op de afdeling
klinische neuropsychologie. Ik heb me thuis gevoeld op de afdeling en erg veel van
het vakgebied mogen leren. Het is elke keer weer fascinerend om te ervaren hoe je
een complex onderwerp met veel enthousiasme en een duidelijke uitleg weet over
te brengen.
Prof.dr. C.M.P.M. Hertogh, tweede promotor. Beste Cees, bedankt voor je
toegenomen betrokkenheid tijdens het project. Het was waardevol om jouw input
als arts en ethicus te hebben op ons project.
Prof.dr. R.S.G.M. Perez †, copromotor. Beste Roberto, het is heel verdrietig dat je er
niet meer bent. Ik vond het erg betrokken en geïnteresseerd overkomen dat je mee
bent komen kijken in het verpleeghuis waar ik als tandarts werkte (en je hebt mij zelfs
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nog even geassisteerd!). Daarnaast was ik blij met de leerzame discussies over de
systematiek van de reviews en de methodologie van de ontwikkeling en evaluatie van
de pijnschaal. Ik had graag nog veel langer met je samengewerkt.
Promotiecommissie

Prof.dr. E. Zaura, Prof.dr. W.P. Achterberg, Prof.dr. N.H.J. Creugers, Prof.
dr. E.C.I. Veerman en Dr. A. Visser, promotiecommissie. Beste leden van de
promotiecommissie, heel hartelijk dank voor de tijd en aandacht die jullie aan mijn
proefschrift hebben besteed.
Prof.dr. J. Schols, coronalid. Beste Jos, wat leuk dat mijn promotie-onderwerp u zo
enthousiast heeft gemaakt dat u in de corona wilde plaatsnemen voor de verdediging.
Pain in Dementia Amsterdam (PainDemiA)

Dr. M. Smalbrugge, PainDemiA. Beste Martin, hartelijk bedankt voor de prettige
HQOHHU]DPHVDPHQZHUNLQJ,NYLQGKHWıMQKRHMHPHQVJHULFKWKHLGHHQSUDNWLVFKH
insteek en een wetenschappelijke kijk combineert en waardeer hoe veel je doorlopend
hebt bijgedragen aan het PainDemiA project.
Dr. J.C. van der Wouden, PainDemiA. Beste Hans, bedankt voor je betrouwbaarheid
en doelgerichtheid binnen onze maandelijkse PainDemiA overlegmomenten.
Daarnaast wil ik je bedanken voor de methodologische adviezen voor ons project in
het algemeen en voor mijn klinische artikelen in het bijzonder.
Prof.dr. A. Maier, PainDemiA. Beste Andrea, hartelijk dank dat je ons op het Centrum
Ouderengeneeskunde Amsterdam (COGA) van het VUmc hebt ontvangen voor
ons onderzoek. Dat heeft ons een platform gegeven voor een groot deel van onze
dataverzameling. Daarnaast vind ik het inspirerend hoe je kritisch, to-the-point en met
charme, de wetenschap benadert. Leuk dat we op je zomerfeest mochten komen
en meer inspirerende mensen konden ontmoeten.
Dr. D. Rhebergen, Dr. M.L. Stek en Em. Prof.dr. W.W. Zuurmond, PainDemiA.
Beste Didi, Max en Wouter, hartelijk dank voor jullie bijdrage aan het PainDemiA
project. Door ons grote team zijn veel aspecten van ‘Pijn bij dementie’ belicht.
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Drs. J. van Kooten, mede-promovenda PainDemiA. Beste Janine, dankjewel voor
de samenwerking. Jij speelde een grote rol in de verpleeghuizen van ons project,
waaronder het contact met de medewerkers, deelnemers en mantelzorgers en de
YHU]DPHOLQJYDQGRVVLHUJHJHYHQV]RDOVGHGHPRJUDıVFKHJHJHYHQVHQPHGLFDWLH
Jouw proefschrift manuscript is inmiddels ook goedgekeurd. Succes met de
verdediging!
T.T. Binnekade MSc, mede-promovendus PainDemiA. Beste Tarik, hartelijk
dank voor de samenwerking op het project. Jij hebt een grote rol gespeeld op
de ziekenhuislocaties van ons project, waaronder het informed consent en de
verzameling van dossiergegevens. Fijn dat ik soms ook via jou met de studenten
op jouw project kon samenwerken. Heel erg bedankt voor de grote bijdrage die je
hebt geleverd aan eigenlijk alle artikelen in dit proefschrift; van de screening van
alle artikelen voor de reviews tot de verzameling van de cognitieve gegevens van
onze deelnemers. Erg leuk dat we naast het werk ook gezellig af en toe een drankje
kunnen doen.
Onderzoek locaties

Centrum Ouderengeneeskunde Amsterdam (COGA), VU medisch centrum,
onderzoek locatie. Graag wil ik de deelnemers, mantelzorgers en medewerkers van
het COGA bedanken voor hun medewerking aan het onderzoek. Anouk, Greetje
en SaskiaYHUSOHHJNXQGLJHQMXOOLHKHEEHQJHGXOGHQĲH[LELOLWHLWRSPRHWHQEUHQJHQ
voor de implementatie van ons project op de afdeling. Bedankt dat jullie hiermee
hebben bijgedragen aan onderzoek ter verbetering van de zorg voor de mensen
waar we het uiteindelijk voor doen.
Behandel Advies Centrum Ouderen (BACO), Amstelland ziekenhuis, onderzoek
locatie. Ook hier wil ik de deelnemers, mantelzorgers en medewerkers bedanken voor
hun medewerking. Marijke Trappenburg, bedankt voor je vriendelijke ontvangst op
het BACO. Wij komen elkaar als collega’s in de ouderenzorg in Amstelveen nog wel
eens tegen.
Amstelring, onderzoek locatie. Heel hartelijk dank aan de deelnemers, mantelzorgers
en medewerkers die hebben meegewerkt aan ons onderzoek. Fijn dat jullie als eerste
organisatie hebben deelgenomen aan ons onderzoek en hebben deelgenomen met
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7 locaties. Nena Piket en Jessica Jimenez, bedankt voor het doorgeven van de
tandheelkundige gegevens die nodig waren voor het onderzoek.
Cordaan, onderzoek locatie. Heel hartelijk dank aan de deelnemers, mantelzorgers
en medewerkers die hebben meegewerkt aan ons onderzoek. Fijn dat jullie hebben
deelgenomen met 3 locaties. Michael Parunovac, bedankt voor het doorgeven van
de tandheelkundige gegevens die nodig waren voor het onderzoek.
Zonnehuis Amstelgroep, onderzoek locatie. Heel hartelijk dank aan de deelnemers,
mantelzorgers en medewerkers die hebben meegewerkt aan ons onderzoek. Faisal
Nabi,EHGDQNWYRRUKHWGRRUJHYHQYDQGHWDQGKHHONXQGLJHJHJHYHQV(UJıMQGDW
wij met MondVitaal in 2016 door het Zonnehuis verwelkomt zijn en nu ook via deze
weg samenwerken.
Academisch Centrum Tandheelkunde Amsterdam (ACTA), student-assistenten.
Tijdens het project heb ik enorm veel hulp gehad van Diane de Jong, Rene Zwart
en Evelyne Gerwig. Heel hartelijk dank voor jullie assistentie op de onderzoek
locaties en bij de data-invoer! Fatih Sert en Zubeyr Kilci, heel erg bedankt voor de
snelheid en precisie waarmee jullie de kauwgom samples van het onderzoek hebben
gefotografeerd en verwerkt. Het bijbehorende artikel komt er aan.
Psychologie, Vrije Universiteit (VU), student-assistenten. Josephine Drijver
en Eveline van Kempen bedankt voor jullie assistentie bij het onderzoek en jullie
interesse in dit onderwerp. Daarnaast wil ik Ana, Anne, Celine, Daan, Denise, Dewi,
Kawita, Laira, Lyduin, Rianne, Theresia en Tin bedanken voor hun hulp bij het
PainDemiA onderzoek.
Sponsoren

Alzheimer Nederland, Amstelring, Arnold Oosterbaan Hersenstichting, Fonds
NutsOhra, Roomsch Catholijk Oude Armen Kantoor, Stichting Beroepsopleiding
Huisartsen (SBOH) and Stichting Henriëtte Hofje heel erg bedankt voor de
ıQDQFLßOHRQGHUVWHXQLQJYDQKHWSURMHFWŕ3LMQELMGHPHQWLHŖRIZHOGH3DLQ'HPL$VWXGLH
Academisch Centrum Tandheelkunde Amsterdam (ACTA), Koninklijke
Nederlandse Maatschappij tot bevordering der Tandheelkunde (KNMT) en de
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Nederlandse Vereniging voor Gerodontologie (NVGd) EHGDQNWYRRUGHıQDQFLßOH
ondersteuning van de druk van mijn proefschrift.
Co-auteurs

Em.prof.dr. C. de Baat, coauteur. Beste Cees, heel hartelijk dank dat u mee wilde
werken aan het klinische artikel over orofaciale pijn en voor de uitgebreide feedback
GLHXKLHURSJHJHYHQKHHIW,NYLQGKHWRQW]HWWHQGıMQGDWXXZNHQQLVHQHUYDULQJ
op het gebied van de ouderentandheelkunde op deze manier wilt delen.
Prof.dr. H.C.W. de Vet, coauteur. Beste Riekie, uw boek ‘Measurement in Medicine’
was mijn leidraad voor het artikel over de Orofaciale Pijn Schaal voor Non-Verbale
Individuen (OPS-NVI). Heel hartelijk bedankt dat u mee wilde werken aan het artikel
over de psychometrische evaluatie van de OPS-NVI, ondanks dat wij elkaar nog
niet kenden. Ik heb enorm veel geleerd van uw boek en uw feedback op het artikel.
Dr. R.A.F. Weijenbergh, coauteur. Beste Roxanne, jij was je proefschrift over kauwen
en cognitie aan het afronden toen ik aan mijn promotieonderzoek begon. Bedankt
voor je uitleg en samenwerking op het gebied van het kauwonderzoek. Inmiddels
hebben we al aan verschillende wetenschappelijke artikelen samengewerkt.
M.W. de Vries MSc, coauteur. Beste Merlijn, bedankt dat jij het stuk intra- (en inter-)
betrouwbaarheid van de sub schaal kauwen van de OPS-NVI op je hebt genomen
en dat ik dit op mocht nemen in mijn proefschrift.
L.J. van de Rijt MSc,FRDXWHXU%HVWH/L]DZDWRQW]HWWHQGıMQGDWMLMYHUYROJRQGHU]RHN
in de doorontwikkeling van de observationele pijnschaal voor orofaciale pijn: de PAICdental. Er is vanuit de praktijk behoefte aan een hulpmiddel voor het vaststellen van
orofaciale pijn bij mensen die dit niet meer verbaal kunnen aangeven en ik ben blij
dat we samen werken aan/ naar een goed klinisch instrument.
B.V. Ho MSc, coauteur. Beste Bach Van, bedankt voor jouw input over het project
de Mond niet vergeten! Je project is een belangrijke stap in de verbetering van de
mondzorg van de steeds groter wordende groep kwetsbare ouderen. Succes met
je onderzoek.
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Drs. A.H. van Dalen- de Kok, coauteur. Beste Annelore, bedankt voor de
samenwerking wat betreft de backward-forward translation van de PAIC en de OPSNVI en het artikel over de PAIC.
Prof.dr. Fridus van der Weijden, parodontologie. Beste Fridus, hartelijk dank voor
de kritische feedback op het review over oral hygiene en oral soft tissues.
Organisaties

ACTA onderzoeksinstituut. Beste Martijn van Steenbergen en Henk Brand,
KDUWHOLMNGDQNYRRUMXOOLHRQGHUVWHXQLQJYDQKHWSURPRWLHRQGHU]RHN+HWZDVıMQRP
steeds snel en duidelijk antwoord te krijgen op mijn vragen. Irene Aartman, hartelijk
dank voor de prettige discussies en statistische adviezen.
Nederlandse Vereniging voor Gerodontologie (NVGd). Beste collega’s, hartelijk
dank voor jullie input op de items van de OPS-NVI tijdens de ontwikkelingsfase
en voor de samenwerking. De bijeenkomsten van de vereniging ervaar ik als erg
leerzaam en gezellig.
Belgisch Nederlands Consortium Mondzorg (BENECOMO). Hoewel ik nog relatief
kort deel uitmaak van BENECOMO, heb ik hier al veel leuke mensen ontmoet, die
erg interessant onderzoek doen. Het is heel waardevol om via deze weg nieuwe
samenwerkingen aan te kunnen gaan en te weten wat de laatste onderzoek
ontwikkelingen op het gebied van de gerodontologie zijn.
University of Bergen, work visit. Dear Prof.dr. G.V. Strand, ‘Tusen takk’ for inviting
me to the University of Bergen. It was very interesting to visit the university, the
XQLYHUVLW\FOLQLFDQGWZRGLĳHUHQWQXUVLQJKRPHVWROHDUQPRUHDERXWJHURGRQWRORJ\
in Norway.
Pain And Impaired Cognition (PAIC). It was interesting to learn about pain and
LPSDLUHGFRJQLWLRQIURPFROOHDJXHVIURPGLĳHUHQWGLVFLSOLQHVDQGFRXQWULHVLQ(XURSH
Thanks for the grants that I received to attend to the summer schools in ClermontFerrand and Amsterdam. It were very informative and pleasant meetings. Miriam
Kunz, thank you for the interesting discussions about the PAIC-15 and OPS-NVI, in
order to form the PAIC-Dental and involve it in the E-learning.
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Afdelingen

ACTA Orale Kinesiologie. Hoewel ACTA niet mijn vaste werkplek was tijdens het
project, vond ik het leuk om af en toe toch op de afdeling te werken om op de
hoogte te blijven van de activiteiten. Bedankt voor de leuke ‘tussendoor’ gesprekjes
en gezellige teametentjes.
VU Klinische Neuropsychologie. %HGDQNWYRRUGHıMQHRQWYDQJVWRSGHDIGHOLQJ
Ik heb door jullie veel van de (neuro)psychologie geleerd en op een plek gewerkt
PHWıMQHFROOHJDŖVJorrit, bedankt voor jouw tips en antwoorden op mijn vragen als
beginnend promovenda. Gerdine en Gwenda, roomies, heel erg bedankt voor de
overlegmomentjes en gezelligheid op de kamer en daarbuiten. De lunchwandelingen,
etentjes, borrels, uitjes en de Winterberg wintersport van de afdeling vond ik erg
gezellig!
Huidige werkplekken

MondVitaal. Lieve Claar, Faisal, Geraldine en Selina,ZDWLVKHWRQW]HWWHQGıMQRP
met jullie te werken! Ik vind het heel prettig hoe bij ons de patiënt centraal staat en
we zorg op maat kunnen bieden door de rolstoeltoegankelijkheid van de praktijk, de
aanwezigheid van een tillift en de bereidheid tot huisbezoeken. En dat we zo goed
als team samenwerken en het gezellig hebben, waardoor we ons werk met plezier
kunnen doen.
Stichting Bijzondere Tandheelkunde (SBT). %HGDQNW YRRU KHW ıMQH ZHONRP RS
SBT en de ruimte die jullie me hebben gegeven om mijn proefschrift af te ronden.
1XPLMQSURHIVFKULIWNODDULVNDQLNPHHUWLMGJDDQEHVWHGHQDDQPLMQGLĳHUHQWLDWLHV
tot Tandarts Geriatrie en Maxillo Faciale Prothetiek. Elke week leer ik weer heel veel
van jullie en ik kijk er naar uit om dit de komende jaren te blijven doen.
Paranimfen

Saskia, wij kennen elkaar sinds de studie tandheelkunde en hebben samen een
super tijd gehad in Tanzania, toen wij op buitenlandstage waren. We hebben toen
hard (en zelfstandig) gewerkt en daarnaast ontzettend veel lol gehad. Door jouw
achtergrond in zowel verpleegkunde als tandheelkunde ging jij direct na de studie
in verpleeghuis Zuydtwijck als tandarts aan het werk. Via jou ben ik in aanraking
gekomen met de ouderentandheelkunde en de studiegroep gerodontologie. Ik
waardeer het heel erg dat je naast je gezin, een eigen praktijk, het verpleeghuis
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en nog veel meer activiteiten tijd weet te maken om gezellig af te spreken voor een
etentje en nu zelfs mijn promotie.
Claar, wij kennen elkaar van de studiegroep gerodontologie en kwamen elkaar ook
tegen tijdens mijn promotieonderzoek bij verpleeghuis Vreugdehof, waar jij als tandarts
werkte. Ik ben heel blij dat je mij hebt gevraagd om bij MondVitaal te komen werken
en zo een mooie praktijk met zo een goed team hebt weten neer te zetten. Ik vind
het heel erg knap hoe je je gezin, eigen praktijk, SBT, en alle andere activiteiten weet
te combineren. Je bent de afgelopen jaren een boegbeeld in de gerodontologie
geworden. Bedankt dat je tijd wilde maken voor mijn promotie.
Vrienden en familie

Ultimate frisbee. Sport is voor mij een belangrijke manier om te ontspannen en ik
heb tijdens mijn promotietraject veel plezier beleefd aan de trainingen, toernooien en
socials met verschillende Amsterdamse, Nationale en gelegenheidsteams. Heel erg
EHGDQNWDDQDOPLMQıMQHWHDPJHQRWHQ(QLQKHWELM]RQGHUDDQ-XOLDHQ5HJJLHQGH
meiden van Flow, voor de leerzame jaren als captain. Luzia, bedankt voor je inzet
voor dames ultimate in NL, de gezellige afspraken en dat je speciaal uit Zwitserland
komt voor mijn promotie!
Figen, Guusje, Marloes en Noortje, de ACTA-meiden. Bedankt voor de gezellige
weekenden weg, etentjes, feestjes, escape rooms en andere leuke afspraken.
Fijn dat we samen kunnen lachen en over van alles en nog wat kunnen praten. Ik
vond het super lief dat jullie zelfs een keer mijn Amsterdam damesteam zijn komen
aanmoedigen op Regionals in Gent! Figen, bedankt voor je hulp bij de PAIC en
OPS-NVI vertalingen en natuurlijk de organisatie van ons verrassingsfeest vorig jaar
(met Chris en Laurenz)! Guusje & Marloes, leuk dat we nu ook collega’s zijn op SBT!
Laura & Linda, wij kennen elkaar al vanaf het eerste studiejaar in Amsterdam (2001),
toen we biomedische wetenschappen studeerden. Jullie zijn geneeskunde gaan
studeren en ik tandheelkunde, maar we hebben altijd intensief contact gehouden
HQDOYHHOVDPHQPHHJHPDDNW+HWLVRQW]HWWHQGıMQGDWLNELMMXOOLHDOWLMGWHUHFKWNDQ
Leotien, vanaf het moment dat jij een plekje voor mij vrij hebt gehouden op de
basisschool zijn we vriendinnen. Hoewel we elkaar niet super vaak zien, is het altijd
goed en altijd gezellig.
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Familie Boschma en Nieuwenhuizen, familie Jesse. Lieve familie, bedankt voor het
warme onthaal en jullie steun en liefde aan Jesse en mij.
OmaKRHZHOX]LFKQLHWPHHUUHDOLVHHUWZLHLNEHQYLQGLNKHWQRJVWHHGVıMQRP
bij u te zijn. Helaas moet u Opa al sinds 2007 missen en is hij overleden toen ik in
7DQ]DQLDZDVYRRUPLMQEXLWHQODQGVWDJH,NKHEıMQHKHULQQHULQJHQDDQMXOOLHZDDULQ
ik elke vrijdagmiddag vanuit school bij jullie op bezoek kwam met Ma en regelmatig
bij jullie bleef logeren. Jullie waren een voorbeeld voor mij wat betreft een liefdevolle,
]RUJ]DPHRPJDQJPHWHONDDUHQKHEEHQ]HNHUELMJHGUDJHQDDQPLMQDĴQLWHLWYRRU
ouderen. Ad, bedankt dat u zo goed voor Oma zorgt en er op belangrijke momenten
voor mij bij bent.
Pa & Ma, zonder jullie had ik niet gestaan waar ik nu stond. Pa, je bent voor mij
een voorbeeld in hard werken en discipline. Ik vertel iedereen altijd met trots dat jij
]RŖQYDNNXQGLJHWLPPHUPDQEHQWHQYLQGKHWıMQGDWZHGLFKWHUQDDUHONDDU]LMQWRH
gegroeid. Ma, jij hebt mij altijd gestimuleerd om te leren en te doen waar je hart ligt.
Jij deed altijd alles voor ons en ik hoop dat deze promotie je niet alleen trots maakt
op mij, maar ook op jezelf en dat je er van kan genieten. Dennis & PaulienıMQGDW
we er samen kunnen zijn voor Pa & Ma.
Lieve Jesse, al bijna 16 jaar mijn steun en toeverlaat. We hebben al snel geleerd wat
we aan elkaar hebben en dit promotie-traject is een representatieve periode van onze
relatie. Ook voor deze periode ben ik je ontzettend dankbaar voor je steun en liefde.
We begrijpen elkaars gedrevenheid en geven elkaar de vrijheid om te doen waar
ons hart ligt. Heel erg bedankt voor je bereidwilligheid om te helpen bij verschillende
delen van mijn promotieonderzoek: het programmeren van nieuwe ‘chewing-analysis’
software, het nalezen van mijn artikelen op het Engels, de vormgeving van het
binnenwerk en de cover foto van mijn proefschrift. Dit hoofdstuk is nu afgerond,
PDDUZLMJDDQRSQDDUKHWYROJHQGHKRRIGVWXN.QXĳHO
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