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Abstract 
Background and Objectives: It is critical to use validated instruments to diagnose and manage chewing and swallowing problems of persons 
living with dementia. The study aimed to synthesize the characteristics and psychometric quality of instruments that assess the chewing and 
swallowing abilities of persons living with dementia.
Research Design and Methods: The systematic review was used to conduct this study. We searched 5 electric databases for records pub-
lished from January 1, 1980, to July 8, 2022. Records were eligible if they included any instrument to assess chewing ability or swallowing 
ability in the dementia population. Eight characteristics of eligible instruments were extracted from the records: (1) development process, (2) 
operationalized concept/construct, (3) sample and setting, (4) administration method, (5) items, (6) scoring format/interpretation, (7) reliability, 
and (8) validity. The psychometric assessment for self-report and observational tool was used to evaluate 12 psychometric properties of eligible 
instruments.
Results: In total, 11,074 records were reviewed. Thirty-five eligible instruments, including observational tools, self-report questionnaires, and 
physiological instruments, were identified from 60 records. All 8 instruments assessing chewing ability were evaluated as having low psycho-
metric quality, and only 3 out of 27 instruments assessing swallowing ability were evaluated as having moderate psychometric quality. Fifteen 
instruments were tested for only 1 type of psychometric property, limiting the overall evaluation of psychometric evidence. 
Discussion and Implications: The study findings inform the use and adaptation of appropriate instruments for practice and research. All exist-
ing instruments warrant further validation in larger samples to expand use in diverse care settings. This review described and evaluated current 
instruments measuring chewing and swallowing abilities and potential use in research and clinical practice to plan for and evaluate the effective-
ness of mealtime and oral care practice and reduce health-related negative outcomes of persons living with dementia.

Translational Significance: There is no previous synthesis of instruments assessing the chewing/swallowing abilities of persons 
living with dementia. This review identified 35 instruments, including observational tools, self-report questionnaires, and physiological 
instruments to assess chewing/swallowing ability. Only three instruments were evaluated as having moderate psychometric quality. This 
review provides directions for further psychometric testing to accumulate evidence and expand use of the instruments in research and 
practice. This review provides guidance to clinicians and formal/family caregivers to use psychometrically and conceptually appropriate 
instruments to screen, diagnose, and manage swallowing and chewing problems of persons living with dementia.
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Background and Objectives
Nationwide, it has been reported that persons living with 
dementia often exhibit difficulties or disabilities in chewing 
and/or swallowing food as dementia progresses due to declin-
ing cognitive and physical function in diverse settings, such as 
long-term care (Chen et al., 2020; Park et al., 2013; Simões 
et al., 2020), home care (Sato et al., 2014; Takahashi et al., 
2019), and primary care (Popman et al., 2018; Rösler et al., 
2015). Chewing ability, including masticatory performance 
and chewing efficiency, is the ability to bite and masticate for 

appropriate times so food is of the proper size for individuals 
to swallow safely (Fontijn-Tekamp et al., 2000). Swallowing 
ability is the ability to pass solid or liquid food from the 
mouth to the throat safely and efficiently without leaving 
food in the airway or behind the pharynx (Rofes et al., 2010). 
Dysphagia is known as swallowing impairments or difficul-
ties, a symptom of difficulty or discomfort during swallowing 
(Rofes et al., 2010).

Physical abilities such as lip opening and closing, tongue 
movement, rinsing and gargling, and storing food in the 
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mouth as well as subjective evaluations of eating, such as 
changes in appetite, food preference, and eating habits, are 
significantly affected as dementia progresses (Simões et al., 
2020). These changes in physical and subjective eating abili-
ties are associated with declines in chewing and swallowing 
abilities, which are significant factors that affect the quality of 
life (Campos et al., 2018), malnutrition (Simões et al., 2020), 
and subsequent consequences including longer hospitaliza-
tion or premature mortality of persons living with dementia 
(Ebihara et al., 2020; Hoshino et al., 2020).

Better understanding and early assessment of screening, 
detection, assessment, diagnosis, and management of chew-
ing and swallowing abilities are critical to provide advanced 
care planning management and reducing complications 
and premature mortality in persons living with dementia 
(Hoshino et al., 2020; Simões et al., 2020). Chewing and 
swallowing difficulties become more challenging to man-
age when health care providers and family caregivers lack 
knowledge and skills in screening using appropriate tools. 
In addition, using psychometrically sound instruments to 
measure chewing and swallowing abilities informs the eval-
uation of the process, fidelity, and effectiveness of meal-
time and nutrition care interventions and practices for 
persons living with dementia. Despite the high prevalence 
of the chewing and swallowing impairments and associ-
ated complications, characterizing and evaluating existing 
instruments that assess chewing and swallowing abilities of 
persons living with dementia has not been studied. The aim 
of this systematic review was to synthesize the characteris-
tics and psychometric quality of existing instruments that 
were developed and/or used to measure chewing and/or 
swallowing abilities, including dysphagia, for persons living 
with dementia.

Research Design and Methods
Study Design, Data Sources, and Search Strategy
This systematic review was conducted following the preferred 
reporting items for systematic reviews and meta-analyses 
guideline: the PRISMA statement (Moher, 2010). We ini-
tially searched Pubmed, CINAHL, AgeLine, PsychInfo, and 
Cochrane Library to identify eligible peer-reviewed scholarly 
records published in English between January 1, 1980, and 
June 30, 2019. Keywords and matched subjects included 
dementia, Alzheimer*, feed*, eat*, meal*, and intake. An 
example of the search strategy in CINAHL was shown in 
Supplementary Table 1. Follow-up searches were conducted 
using the same five databases and search strategies between 
June 30, 2019, and February 15, 2022. Figure 1 shows the 
flow diagram of literature search and selection.

After eligible instruments were identified from the five data-
bases, we searched additional scholarly records that reported 
the use of eligible instruments until July 8, 2022, with full 
names and abbreviated names of the eligible instruments. 
We also searched for records that cited the original studies 
in which eligible instruments were developed and/or used to 
obtain a full list of scholarly records that reported the use of 
the eligible instruments. These exhaustive searches aimed to 
retrieve an inclusive list of scholarly records, including grey 
literature if relevant, that reported the use, modification, and/
or testing of eligible instruments. The purpose was to extract 
all relevant data possible to allow for an intensive evalua-
tion of the characteristics and psychometric quality of eligible 

instruments. The review protocol was predetermined and was 
not registered.

Inclusion and exclusion criteria
Scholarly records were included if they reported the devel-
opment, testing, and/or use of any instruments that assess 
chewing ability or swallowing ability including dysphagia 
of persons living with dementia in any type of care set-
tings (e.g., home care, long-term care, and primary care). 
Records were excluded if they were other types of publica-
tions than primary research (e.g., reviews, commentaries, 
and editorials).

Instruments were eligible if they were originally devel-
oped in persons living with dementia, or if they were origi-
nally developed in other populations and later modified and/
or tested for use with persons living with dementia. If the 
instruments were used in both dementia and non-dementia 
populations, we only extracted data relevant to the dementia 
population.

Instruments were excluded if they: (1) only or mainly assess 
other constructs of interest that are relevant to mealtime than 
the chewing and swallowing abilities, such as eating ability 
(i.e., functional ability to start and finish a meal), nutritional 
status (e.g., mini nutritional assessment), general functional 
abilities (e.g., activities of daily living [ADL]), or mealtime 
behaviors/habits (e.g., agitated behavior, food satisfaction, 
food preference, and eating habits); (2) only used in patients 
without dementia diagnosis (i.e., other diagnoses relevant to 
dementia but not any type of dementia, e.g., Parkinson’s dis-
ease, stroke, and mild cognitive impairment [MCI]); or (3) 
only used in other populations (e.g., caregivers and caregiv-
er-care recipient dyads).

Figure 1. Flow diagram of literature search.
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Study selection and data extraction
After removing duplicated records, five research assistants 
including the first and second authors (S. Kim and K. Lee) 
screened and cross-checked eligible records and instru-
ments by title, abstract, and full texts based on the inclu-
sion and exclusion criteria to confirm eligibility (Figure 1). 
After cross-checking the eligibility of records, the first and 
second authors reviewed all full texts of eligible records for 
data extraction and discussed discrepancies until an agree-
ment was reached. If the full texts of the original develop-
er’s records were not available, information from the other 
scholarly records that contain the original development 
process was extracted. Eight characteristics of each eligible 
instrument were described using a data extraction worksheet: 
(1) the development process, (2) the concept or construct 
operationalized by the instrument, (3) the sample and setting 
the instrument was used or tested in, (4) the administration 
method, (5) description of items, (6) scoring format and inter-
pretation, (7) reliability, and (8) validity.

Assessment of psychometric quality
The instrument’s psychometric quality was evaluated using 
the refined psychometric assessment for self-report and obser-
vational tools (PAT), a tool developed following the classical 
test theory (CTT) and the previous literature and published 
criteria including COnsensus-based Standards for the selec-
tion of health Measurement INstruments (COSMIN) guide-
lines and standards (Prinsen et al., 2018; Terwee et al., 2007, 
2018; Zwakhalen et al., 2006). CTT was developed based on 
the assumption that the true score cannot be directly observed 
and can only be assessed indirectly through the observed 
score with random measurement error (Waltz et al., 2017).

The original PAT evaluates the ratio of sample size to the 
number of items, as well as a total of 11 CTT-based psy-
chometric quality properties: (1) internal consistency, (2) 
test–retest reliability, (3) intrarater reliability, (4) interrater 
reliability, (5) content validity, (6) concurrent validity, (7) 
predictive validity, (8) divergent/discriminant validity, (9) 
convergent validity, (10) known group difference, and (11) 
structural validity. Each of the 11 quality properties and the 
ratio of a sample size to the number of items is scored from 
0 to 2 and adds up to a total score to represent the level of 
psychometric quality of each instrument. Test–retest reliabil-
ity assesses the subject’s consistency of responses to the same 
set of questions over time and therefore is only applicable for 
self-report instruments which do not involve raters or judges 
(Waltz et al., 2017). Intrarater and interrater reliability assess 
the consistency of responses to the same set of questions over 
time within the same rater and across different raters at the 
same period, respectively, and therefore are only applicable 
for observational instruments that require raters to complete. 
In this study, some physiological instruments do not have dis-
tinguishable variables that are specific to be assessed as an 
item. Therefore, they were not evaluated for the ratio of a 
sample size and number of items, content validity, and struc-
tural validity, all of which require information on items.

The original PAT did not include the evidence of sensitivity 
and specificity, which were reported in five included physi-
ological instruments (i.e., Albertinen dementia dysphagia 
screening [ADDS], Rösler et al., 2015; 3-oz water swallow 
test. Suiter & Leder, 2007; Yale Swallow Protocol [YSP], 
Ward et al., 2020; standardized swallowing assessment [SSA], 
Park et al., 2014; volume–viscosity swallowing test [V–VST], 

Mokkink et al., 2018; Stamm et al., 1988). Therefore, we 
added criteria in the original PAT to evaluate evidence of sen-
sitivity and specificity based on the literature and published 
criteria in the psychometric quality property of criterion 
validity. The refined PAT is shown in Supplementary Table 2.

The total scores range from: 0–20 (low quality: 0–6, 
moderate quality: 7–13, high quality: 14–20) for self-report 
instruments; 0–22 (low quality: 0–7, moderate quality: 8–15, 
high quality: 16–22) for observational instruments; and 0–16 
(low quality: 0–5, moderate quality: 6–11, high quality: 
12–16) for physiological instruments. The first author (S.K.) 
evaluated the psychometric properties of eligible instruments 
using PAT, and the second author (K.L.) reviewed and con-
firmed the results. The disagreements were discussed between 
the two authors to reach a consensus. We used a conservative 
rating (the lower or lowest scoring if there are multiple values 
for one psychometric quality property of an instrument) to 
prevent an overestimation of the overall quality of existing 
evidence (Liu & Kim, 2021; Zill et al., 2014).

The PAT has three advantages over previously published 
quality assessment criteria; PAT (1) includes the ratio of the 
sample size to the number of items, (2) separates each reli-
ability and validity property, and (3) uses a numerical scor-
ing system to facilitate calculation and comparison of overall 
psychometric quality across instruments. The PAT shows ade-
quate feasibility and usability in prior systematic reviews of 
observational and self-report instruments (Liu & Kim, 2021; 
Liu et al., 2021).

Results
In total, 11,074 records were retrieved, among which 60 
scholarly records were included in the review (Figure 1). From 
the 60 scholarly records, 35 eligible instruments were identi-
fied, of which eight assess chewing ability, and 27 assess swal-
lowing ability (including dysphagia). Seven instruments are 
self-report questionnaires, 18 are direct observational instru-
ments, and eight are physiological instruments that use spe-
cific tools or techniques to assess anatomic regions directly or 
indirectly (e.g., oral cavity, glottis, and pharynx). Two instru-
ments were administered using both direct observation and 
physiological measures (ADDS and V–VST). Fourteen of the 
35 instruments were reported in two or more full texts. Three 
of the 35 instruments were originally developed for persons 
living with dementia, and the other 32 were originally devel-
oped for other populations (i.e., stroke patients, healthy older 
adults, and patients with dysphagia) and later used with the 
dementia population. A detailed description of the included 
instruments is shown in Supplementary Table 3.

Chewing Ability
Target population
A total of eight instruments assessing chewing ability were 
reported in 11 scholarly records. Only one instrument, the 
two-color chewing gum mixing ability test (Park et al., 2021; 
Shin et al., 2020; Weijenberg et al., 2015; Zenthöfer et al., 
2021), was originally developed for use in the dementia pop-
ulation. Five instruments were originally developed for other 
populations and later used with the dementia population. 
For instance, masticatory efficiency (Campos et al., 2018) 
was originally developed to assess masticatory function in 
healthy and prosthodontic patients and later came to be used 
with persons living with mild Alzheimer’s disease. Subjective 
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masticatory index (Komiyama et al., 2020), subjective masti-
cation comfort analysis (Shin et al., 2020), subjective five food 
mastication ability (Shin et al., 2020), and chewing capacity 
assessment (Takehara et al., 2020) were all initially devel-
oped for healthy older adults. For maximum occlusal force 
(Komiyama et al., 2020) and palpation of masseter muscle 
tension ([PMMT], Hoshino et al., 2020), the original target 
populations were not specified in the studies that reported the 
original development process.

Development process
Among the eight instruments, the development process 
(including literature review and/or pilot testing) was only 
reported for masticatory efficiency and two-color chewing 
gum mixing ability test. The development process was not 
reported for the other six instruments.

Sample/setting and administration method
Of the eight instruments, six instruments were only used in 
community settings (masticatory efficiency, maximum occlu-
sal force, subjective masticatory index, subjective mastication 
comfort analysis, subjective five food mastication ability, and 
chewing capacity assessment) and one was only used in insti-
tutionalized care settings (PMMT). The two-color chewing 
gum mixing ability test was used in both residential care and 
community settings. The sample sizes used for testing the eight 
instruments ranged from 16 to 210 individuals. Four of the 
eight instruments are self-report questionnaires (subjective 
masticatory index, subjective mastication comfort analysis, 
subjective five food mastication ability, and chewing capacity 
assessment), while the other four instruments are direct exam-
inations or tests that use chewable test materials (masticatory 
efficiency), pressure measurement film (maximum occlusal 
force), color-changeable gum (two-color chewing gum mixing 
ability test), and evaluator’s palpation (PMMT).

Items and scoring
The four self-report instruments’ number of items ranges from 
1 to 11. Three of them are questionnaires for which chewable 
food items, ranging from soft to hard (e.g., egg, meat, or car-
rot) are listed to assess chewing ability. The subjective masti-
cation comfort analysis includes an additional item assessing 
the degree of the respondents’ perceived chewing comfort. 
The scoring methods are: (1) frequency, rate, and binary 
scoring (PMMT, subjective mastication comfort analysis, 
subjective five food mastication ability, and chewing capacity 
assessment), (2) rate of good and poor masticatory perfor-
mance (subjective masticatory index), (3) weight percentage 
of comminuted test material (masticatory efficiency), and (4) 
maximum magnitude of bite force (maximum occlusal force). 
The two-color chewing gum mixing ability test was scored 
in two different formats across four studies: (1) frequency, 
rate, and binary scoring (Park et al., 2021; Zenthöfer et al., 
2021), and (2) 5-points Likert for the changed gum color and/
or Diffix score that indicates the amount of mixing (Shin et 
al., 2020; Weijenberg et al., 2015).

Swallowing Ability
Target population
The 27 instruments assessing swallowing ability were applied 
in 49 scholarly records. Among the 27 instruments, both 
ADDS and clinical swallowing examination (Horner et al., 

1994) were originally developed for persons living with 
dementia, while the other 25 were not originally developed 
for but later used with persons living with dementia. Of those 
25 instruments, food intake level scale ([FILS], Ebihara et al., 
2020; Miyamoto et al., 2019), gugging swallowing screen 
([GUSS], Salvato et al., 2018; Trapl et al., 2007), SSA, 3-oz 
water swallow test, food test ([FT], Takahashi et al., 2019) 
were developed for use with stroke patients. Eating assess-
ment tool ([EAT-10], Chen et al., 2020; Özsürekci et al., 
2020) and modified water swallow test ([MWST], Hoshino 
et al., 2020; Sato et al., 2014; Simões et al., 2020; Takahashi 
et al., 2019) were originally developed for use in patients 
with probable dysphagia. Timed water swallow test ([TWST], 
Borders et al., 2021) and V–VST were originally developed 
for patients with motor neuron diseases to assess neurogenic 
dysphagia. The test of masticating and swallowing solids 
([TOMASS], Borders et al., 2021) was originally developed 
for use in patients with Parkinson’s disease. The Fiberoptic 
endoscopic examination of swallowing (FEES; Langmore et 
al., 2007; Leder et al., 2009; Rösler et al., 2015; Sheikhany et 
al., 2019; Suiter & Leder, 2007; Ward et al., 2020) was origi-
nally developed for patients whose level of dysphagia cannot 
be examined with traditional video-fluoroscopic method. For 
the remaining 14 instruments, the target populations in the 
original developer’s scholarly records could not be specified 
because information related to the development process, or 
the full texts of the developer’s records was not available.

Development process
The development process (i.e., literature reviews, expert 
reviews, developers’ clinical experiences, pilot testing, and 
psychometric testing) was specified for 13 of the 27 instru-
ments. The use of specific frameworks or content validity 
index (CVI) scoring to evaluate content validity was not 
reported in the development of any instruments included 
in this review. ADDS and clinical swallowing examination 
(Horner et al., 1994) were developed by combining existing 
tools. For example, ADDS is developed by combining a water 
swallow test and GUSS. The development process of the other 
12 instruments could not be specified because information 
related to the development process, or the full texts of the 
developer’s records was not available.

Sample/setting and administration method
The sample sizes used to test the 27 instruments varied from 
one to 346 individuals. Particularly, sample sizes of less than 
20 were reported in 10 full texts. The instruments were tested 
in varied care settings: (1) home and/or community settings (n 
= 7); (2) acute-care settings (n = 6); (3) long-term care (LTC) 
settings (n = 2); (4) post-acute care settings (n = 1); and (5) 
mixed setting of hospital and LTC (n = 2). For the other six 
instruments, study settings varied across the included schol-
arly records: EAT-10 (LTC, outpatient); repetitive saliva swal-
low test ([RSST], home, outpatient; Nakamura et al., 2014; 
Takahashi et al., 2019); SSA (acute-care, LTC); SRS (acute-
care, outpatient); FEES (acute care, post-acute care, outpa-
tient); and MWST (home, acute-care, LTC). Settings were not 
specified in fMRI (Humbert et al., 2010), Measures of Bolus 
Flow Direction and Clearance (Humbert et al., 2010), and 
Measures of Range of Motion (Humbert et al., 2010).

Among the 27 instruments, EAT-10, a Questionnaire for 
Identifying the Risk of Oropharyngeal Dysphagia (Goes 
et al., 2014), and Seirei dysphasia screening questionnaire 
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(Takahashi et al., 2019) are self-report and/or proxy-re-
port questionnaires. Fourteen instruments are administered 
through direct observation by raters. For instance, GUSS 
assesses the swallowing ability of different food consistencies 
(i.e., liquid, semisolid, and solid) by a rater. MWST assesses 
the swallowing ability of 3 ml of cold water by a rater and 
was later combined with cervical auscultation to assess breath 
sound while the patient swallows. TWST and TOMASS were 
developed for direct observation but applied as a video-re-
corded swallowing examination via telehealth through Zoom 
in the included records.

Eight physiological instruments used different administra-
tion methods. Measures of Bolus flow direction and clear-
ance (Humbert et al., 2010), measures of range of motion 
(Humbert et al., 2010), normalized residue ratio scale (NRRS) 
(Namasivayam-MacDonald & Riquelme, 2019), penetration 
aspiration scale (PAS; Humbert et al., 2010; Namasivayam-
MacDonald & Riquelme, 2019; Namasivayam-MacDonald et 
al., 2021; Rösler et al., 2015), swallowing duration measures, 
and VFSS are administered using video-fluoroscopic observa-
tions. FEES is an endoscopic procedure using a camera for 
direct observation of the oral cavity, larynx, and vocal code. 
fMRI is an MRI imaging diagnostic instrument. In addition, 
ADDS and V–VST are administered using direct observation 
and physiologic assessment, which applies oxygen saturation 
using a pulse-oximeter before and after swallowing to iden-
tify signs of aspiration.

Items and scoring
The items of 14 out of 27 instruments ranged from 1 to 15. 
Item descriptions in t10 instruments are not available or spec-
ified in the records. The number of items of STAND, VFSS, 
and SSA varied across studies (e.g., 3–4 items).

Five instruments were scored using one format. For 
example, clinical swallowing examination and measures 
of Bolus flow direction and clearance were scored using 
the Likert format, 3-oz water swallow test and YSP were 
scored using the raw frequency of swallowing, and swal-
lowing duration measures were scored using the raw dura-
tion of swallowing time. Eight instruments were scored 
using two different scoring methods; for example, four 
were scored using the frequency and rate of dysphagia 
risk (questionnaire for identifying risk of oropharyngeal 
dysphagia, STAND, GUSS, and SSA). Measures of range 
of motion were scored using a unique procedure that mea-
sures the range of motion of the larynx or hyoid bone by 
subtracting the mean coordinate from the peak coordinate 
of the larynx or hyoid bone before swallowing.

Thirteen instruments were scored using more than three 
scoring formats. The frequency, rate, and/or Likert-type 
scoring of swallowing ability were used for five instruments 
(Seirei dysphagia screening questionnaire, SRS, DSS, EAT-10, 
and PAS). Six instruments were scored using the frequency 
and rate as well as unique interpretation by instrument: the 
area ratio of the residue in epiglottic vallecula and pyriform 
sinuses after swallowing (NRRS); the number of swallows 
(FT); oxygen saturation level (V–VST); binary, and/or Likert-
format (MWST); Likert-format, and/or the duration of oro-
pharyngeal swallow response (VFSS); leakage time, bolus 
location, and/or the amount of food residue left after the 
swallow (FEES). TWST was scored using the number of swal-
lows, volume consumed per swallow, time taken to swallow, 
and the presence of aspiration signs. TOMASS was scored 

using the number of bites, swallows, jaw movements, time 
taken to bite, and the presence of aspiration signs.

Psychometric Quality Assessment
Nearly half of the total 35 instruments (n = 15) were tested 
for only one type of psychometric property. All eight instru-
ments assessing chewing ability were not tested for any type 
of reliability. Twenty-seven instruments assessing swallowing 
ability were tested for one to four types of psychometric prop-
erties. Among the 27 instruments, FEES, NRRS, and PAS were 
tested for both reliability and validity; TWST and TOMASS 
were tested for only inter and intrarater reliability. The other 
22 instruments were tested for one or more types of validity, 
but not for any type of reliability.

The psychometric quality scores of included instruments 
were shown in Table 1 (see Supplementary Table 4 for the 
scoring details). All eight instruments assessing chewing ability 
were scored as having low psychometric quality (total scores 
range: 1–4). Masticatory efficiency, maximum occlusal force, 
PMMT, and chewing capacity assessment were scored as the 
highest among the eight instruments (total score = 4). Among 
27 instruments assessing swallowing ability, RSST, SRS, and 
DSS were scored as the highest, with moderate psychometric 
quality (total score = 6). MWST, NRRS, STAND, and V–VST 
were scored as the second highest (total score = 5).

Four out of the eight instruments assessing chewing ability 
and eight out of the 27 instruments assessing swallowing abil-
ity were evaluated as having moderate to adequate quality on 
the ratio of sample size to the number of items. The ratio was 
not obtained for 13 instruments (masticatory efficiency, sub-
jective mastication comfort analysis, Two-color chewing gum 
mixing ability test, FEES, fMRI, measure of range of motion, 
MWST, NRRS, PAS, SRS, VFSS, YSP, and V–VST), in which 
the items or specific variables were not identified or reported.

Discussion
This systematic review is the first that described and evalu-
ated observational, self-report, and physiological instruments 
that assess chewing and swallowing ability of persons living 
with dementia. The 35 eligible instruments assessing chewing 
and swallowing abilities were reported for use in 60 scholarly 
records, published between 1994 and 2021.

Ratio of Sample Size to the Number of Items
The use of an appropriate sample size to test an instru-
ment is important to accurately estimate psychometric evi-
dence depending on the number of items the instrument has 
(DeVellis, 2016; Waltz et al., 2017). In this review, only one-
third of the 35 instruments were evaluated as having mod-
erate or adequate quality based on the ratio of sample size 
to the number of items. Although there is no gold standard, 
it is recommended a sample size of at least 10 is needed per 
item, and a larger sample size is preferred, particularly for 
instruments with more response options (Likert-format vs 
binary) and when complex analysis is conducted, such as fac-
tor analysis or internal consistency (DeVellis, 2016; Waltz et 
al., 2017). Future testing of existing instruments is warranted 
in larger samples.

Reliability
Although all self- or proxy-report questionnaires and obser-
vational and physiological instruments require reliability 
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testing, only five out of the 35 instruments were tested for 
internal consistency, intra and interrater reliability, and/or 
test–retest reliability. Although internal consistency is a criti-
cal psychometric property used to estimate the homogeneity 
of an instrument with more than one item (DeVellis, 2016; 
Waltz et al., 2017), none of the eligible instruments were 
tested for internal consistency. Internal consistency can be 
ensured through a well-defined development process of an 
instrument and is usually estimated using Cronbach’s alpha 
or Omega (DeVellis, 2016; Hayes & Coutts, 2020; McNeish, 
2018; Terwee et al., 2007; Waltz et al., 2017).

Five of all 35 instruments were tested for and showed moder-
ate to adequate evidence of intrarater reliability and interrater 
reliability. All observational and physiological instruments 
that require observations by raters should be tested for sta-
bility among raters (interrater reliability) and/or over time 
(intrarater reliability; DeVellis, 2016; Waltz et al., 2017; 
Zwakhalen et al., 2006). Stability of self- or proxy-report 

questionnaires is recommended through estimates of test–
retest reliability (i.e., the consistency of item responses over 
time; DeVellis, 2016; Waltz et al., 2017; Zwakhalen et al., 
2006). In this review, none of the seven self- or proxy-report 
instruments were tested for test–retest reliability. Intra and 
interrater reliability, and test–retest reliability can be esti-
mated by calculating the reliability coefficient (e.g., Cohen’s 
Kappa, percentage agreement, and intraclass correlation coef-
ficient [ICC]). Future testing of existing instruments is greatly 
needed to accumulate evidence of reliability.

Validity
Validity is defined as the extent to which an instrument 
assesses a construct of interest that the instrument is 
intended to measure (DeVellis, 2016; Waltz et al., 2017). In 
this review, all instruments were tested for one to three types 
of validity except TWST and TOMASS (only tested for intra 
and interrater reliability, respectively). All instruments were 

Table 1. Psychometric Quality Assessment of Identified Instruments

Concept/construct No. Instrument Score (rating) 

Swallowing ability 1 Albertinen Dementia dysphagia screening (ADDS) 4 (low)

2 Clinical swallowing examination (CSE) 1 (low)

3 Eating assessment tool (EAT) 3 (low)

4 Fiberoptic endoscopic examination of swallowing (FEES) 4 (low)

5 Food intake level scale (FILS) 4 (low)

6 Functional magnetic resonance imaging (fMRI) 2 (low)

7 Measures of bolus flow direction and clearance 0 (low)

8 Measures of range of motion 2 (low)

9 3-oz water swallow test 3 (low)

10 Modified water swallow test (MWST) 5 (low)

11 Normalized residue ratio scale (NRRS) 5 (low)

12 Penetration-aspiration scale (PAS) 3 (low)

13 Questionnaire for Identifying Risk of Oropharyngeal Dysphasia in Elderly Patients with Dementia 1 (low)

14 Repetitive saliva swallow test (RSST) 6 (moderate)

15 Screening tool for acute neurological dysphagia (STAND) 5 (low)

16 Seirei dysphasia screening questionnaire 2 (low)

17 Swallowing duration measures 2 (low)

18 Swallowing Rating Scale (SRS) 6 (moderate)

19 Timed water swallow test (TWST) 3 (low)

20 Video fluoroscopic evaluation of swallowing (VFSS) 2 (low)

21 Yale swallow protocol (YSP) 1 (low)

22 Test of masticating and swallowing solids (TOMASS) 2 (low)

23 Dysphagia severity scale (DDS) 6 (moderate)

24 Food test (FT) 4 (low)

25 Gugging swallowing screen (GSS) 2 (low)

26 Standardized swallowing assessment (SSA) 2 (low)

27 Volume-viscosity swallowing test (V–VST) 5 (low)

Biting/ chewing ability 28 Masticatory efficiency 4 (low)

29 Maximum occlusal force 4 (low)

30 Palpation of masseter muscle tension (PMMT) 4 (low)

31 Subjective Masticatory Index 3 (low)

32 Subjective mastication comfort analysis 2 (low)

33 Subjective 5 food mastication ability 3 (low)

34 Two-color chewing gum mixing ability test 1 (low)

35 Chewing capacity assessment 4 (low)
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evaluated as having moderate to adequate quality on the 
tested type of validity, except four instruments which were 
evaluated as having low quality on specific types of validity 
(i.e., two-color chewing gum mixing ability test [predictive 
validity], EAT-10 [convergent validity], PAS [known group 
difference validity], measures of bolus [known group differ-
ence validity]).

The included instruments were tested for only certain types 
of validity rather than all types of validity. Specifically, con-
tent validity, divergent validity, and structural validity were 
not tested for any instruments, while concurrent validity, 
predictive validity, convergent validity, and/or known group 
difference validity were tested for one or more instruments.

Content validity is an essential property that aims to estab-
lish item appropriateness during the early stage of the instru-
ment development process. Content validity can be estimated 
using the CVI, a matrix to quantify the quality of items, 
including relevance, specificity, clarity, feasibility, and/or rep-
resentativeness of the items that measure the construct of 
interest (Terwee et al., 2007). However, none of the included 
instruments was reported with CVI. In addition, we could not 
find any detailed development process for over half of the 35 
instruments, including conceptual framework, original target 
population, and the item selection process such as an expert 
review. The use of conceptual frameworks is critical to pro-
vide dimensions of the concept and validation of the items 
(Waltz et al., 2017). Expert review is recommended for item 
selection and refinement to establish face and content validity 
(Liu et al., 2020; Waltz et al., 2017).

Divergent validity is one type of construct validity evaluat-
ing to what extent independent instruments of theoretically 
unrelated or distinct concepts diverge or are not correlated 
(Waltz et al., 2017; Zwakhalen et al., 2006). One possible 
reason for the lack of testing of divergent validity is that 
assessments of constructs not correlated with or distinct from 
the construct of interest (chewing and/or swallowing ability) 
are less likely to be included in the studies, unless the studies 
aimed to assess psychometric properties of instruments, par-
ticularly divergent validity. All included scholarly records in 
this review were cross-sectional or longitudinal studies that 
aimed to assess chewing and swallowing ability and rela-
tionships with other constructs, rather than measurement 
development and validation studies that specifically aimed 
to establish psychometric properties of the instruments. 
Additional assessments of constructs that are not or less 
likely to be related to the target construct of interest (chew-
ing and/or swallowing ability) may not be considered in the 
design because the addition of such assessments can increase 
response burden, decrease response rate, increase measure-
ment errors due to respondent fatigue, and increase cost and 
time (Waltz et al., 2017).

Structural validity is the most straightforward type of 
construct validity that aims to estimate how the items of an 
instrument that assesses the construct of interest are con-
sistent with a theoretical hypothesis (Terwee et al., 2007). 
Exploratory and confirmatory factor analysis can be used to 
empirically justify the item selection during the initial stage of 
instrument development (Waltz et al., 2017). However, factor 
analysis is recommended when a relatively larger sample (N 
> 100) is available (Waltz et al., 2017). Only 13 instruments 
were tested in a sample size of 100 or more individuals in this 
review. The other instruments tested in small samples would 
not allow for testing of structural validity.

Concurrent validity was tested for two physiological 
instruments and three direct observational instruments using 
sensitivity and specificity estimates. Sensitivity and specificity 
values are newly added criteria in the PAT and are often used 
to evaluate criterion validity (i.e., concurrent validity and 
predictive validity) of physiological and direct observational 
instruments (Trevethan, 2017). All five physiological and 
direct observational instruments were compared with their 
“gold standards” (i.e., reference standard). However, the con-
sistency of these values is closely related to the characteristics 
of target instruments, gold standards, and target population 
(Trevethan, 2017). Because there are concerns about the valid-
ity of gold standards, these values should be reported for both 
the target instrument and gold standards with sample char-
acteristics to adequately evaluate the concurrent validity of 
the instrument. In this review, only the included instruments 
(i.e., target instrument), rather than their gold standards, were 
reported for sensitivity and specificity values. Other statistics 
used to assess criterion validity include correlation coefficient 
(i.e., r, r

s), area under the curve (AUC), or 95% CI, if there is 
no gold standard for a given instrument.

Predictive validity, convergent validity, and known group 
difference validity were tested for most of the included instru-
ments. Specifically, known group difference validity was 
tested for over 80% of the included instruments (n = 29), 
which were evaluated as having moderate to adequate qual-
ity except for two instruments. The design of the included 
cross-sectional or longitudinal studies that aimed to examine 
differences in chewing or swallowing ability between groups, 
based on estimates of p value or 95% CI, allowed for exam-
ination of known group difference validity. Future research on 
measurement quality for the included instruments is needed 
to accumulate psychometric evidence for reliability and valid-
ity which were not tested for or had low psychometric quality.

Psychometric Quality
In this review, we used the PAT to evaluate the psychometric 
quality of the included instruments. The PAT was used in our 
prior systematic reviews of instruments and showed evidence 
of feasibility and ease of use (Kim & Liu, 2021; Kim et al., 
2022; Liu & Kim, 2021; Liu et al., 2021). Overall, included 
instruments were evaluated as having low psychometric qual-
ity except for RSST, SRS, and DSS, which assess swallowing 
ability and were scored as having moderate psychometric 
quality. However, these three instruments were not tested 
for any type of reliability and were only tested for two or 
three types of validity (i.e., predictive, convergent, and known 
group difference validity). The eight instruments assessing 
chewing ability were evaluated as having moderate or ade-
quate psychometric quality, the overall score of those instru-
ments was evaluated as low. Similarly, with prior reviews of 
instruments in mealtime research, reasons for low psychomet-
ric quality for most instruments included in this review are 
the use of a small sample size and lack of testing on specific 
types of psychometric properties.

Implications and Directions for Future 
Research
In this review of 35 instruments published in 60 scholarly 
records until July 2022, only three instruments assessing 
swallowing ability (i.e., RSST, SRS, and DSS) were evaluated 
as having moderate psychometric quality in persons living 
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with dementia. These three instruments were evaluated as 
having high psychometric quality in predicting swallowing 
ability/dysphagia and discriminating between high and low 
severity groups. Especially, RSST has only one item with sim-
ple scoring that can be easy to implement by formal and fam-
ily caregivers, and even by the patient. With further testing 
of additional psychometric properties (i.e., reliability, con-
tent validity, and other criterion validity if there is a “gold 
standard”) in larger samples of persons living with dementia, 
health care providers would apply and test these instruments 
to screen and manage possible swallowing problems as well 
as accumulate evidence and expand the use of psychometri-
cally sound instruments in the primary, long-term, and home 
care settings.

Family caregivers provide most of the care for persons liv-
ing with dementia in the community settings including meal-
time care (Alzheimer’s Association [AA], 2022). Therefore, 
early detection of swallowing problems in patients by caregiv-
ers is essential to manage symptoms and avoid complications, 
comorbidity, and mortality. Based on this review, there are two 
proxy-report questionnaires assessing swallowing ability (i.e., 
EAT-10, Questionnaire for Identifying Risk of Oropharyngeal 
Dysphasia in Elderly Patients with Dementia). However, these 
instruments were evaluated as having overall low psycho-
metric quality with no reliability testing. Reliability testing 
is essential for self- or proxy-report questionnaires to ensure 
consistency of the subject’s responses over time (Waltz et al., 
2017). To establish psychometric evidence and more practical 
application of these instruments, testing on reliability among 
family caregivers is warranted. Further testing will also ensure 
family caregivers use these instruments as a screening tool to 
detect signs of swallowing difficulties.

For the eight instruments assessing chewing ability, only 
one or two types of validity were tested and none of the 
types of reliability were tested between 2015 and 2021, 
indicating these instruments are still in the early stages of 
the development process. Masticatory efficiency, maximum 
occlusal force, PMMT, and chewing capacity assessment 
were evaluated as having the highest psychometric quality. 
However, they were tested in only one study, respectively. 
On the other hand, the two-color chewing gum mixing 
ability test was tested in four records, however, only for 
predictive validity and known group difference validity 
with low to moderate psychometric quality. Further efforts 
are warranted for the validity and reliability testing of 
these instruments in various samples, including health care 
providers and family caregivers. Specifically, the subjective 
masticatory index, subjective mastication comfort analysis, 
subjective five food mastication ability, and chewing capac-
ity assessment are self-report questionnaires, which can be 
applied by family caregivers in a community setting as a 
proxy-report tool to screen early signs of chewing problems 
of persons living with dementia. However, all these instru-
ments were evaluated as having low overall psychometric 
quality in this review and require further testing in this 
population for more practical use. In addition, refinement, 
or modification of items of these instruments are suggested 
to improve the quality of fundamental psychometric prop-
erties to apply family caregivers as a proxy.

The instrument development and validation process 
requires extensive and reiterative refinements and testing of 
items. We found all the instruments were recently applied in 
populations with dementia and had low psychometric quality, 

except for RSST, SRS, and DSS with moderate quality. Further 
testing of essential psychometric properties is recommended 
for all instruments to accumulate evidence and expand use in 
future research and clinical practice.

Limitations
We only searched and screened published literature that 
have an English title and abstract due to the large volume 
of scholarly records obtained which may result in selection 
bias. This review focused on synthesizing psychometric evi-
dence of eligible instruments in dementia populations. Some 
of the included instruments were applied and tested in other 
populations than people living with dementia with reported 
psychometric evidence (e.g., FEES, fMRI, 3-oz water swallow 
test), and such evidence was not synthesized in this review. 
Therefore, the findings of the review mainly generalize to the 
dementia population.

Relevance to Clinical Practice
Chewing and swallowing problems are one of the problem-
atic concerns in persons living with dementia, that directly 
affect mealtime performance (Takizawa et al., 2016). 
Measuring chewing and swallowing abilities using valid and 
reliable instruments is critical in clinical practice, to plan for 
mealtime care and reduce health-related negative outcomes 
and premature mortality (Hoshino et al., 2020; Simões et al., 
2020). Psychometrically sound instruments can be used to 
evaluate the process, fidelity, and effectiveness of mealtime 
care or oral health clinical practice. In this review, we sug-
gested the instruments that were evaluated as having moder-
ate to adequate quality on the tested properties. They can be 
applied in the dementia population by healthcare providers 
to diagnose and manage chewing and swallowing abilities 
for care planning. Other self- and proxy-report instruments 
with low psychometric quality can be applied to use with 
family caregivers to screen early signs of chewing/swallow-
ing problems in persons living with dementia after additional 
psychometric testing. Further application of those instru-
ments in a larger sample of persons living with dementia will 
also accumulate evidence and expand the use of psychomet-
rically sound instruments in clinical practice and community 
settings.
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