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The purpose of this study was to analyze the relationship between chewing efficacy and severity
level of cognitive impairment in dementia patients using a smartphone with ViewGum software for chewing
efficiency analysis. Participants (n=70) from the Dementia Clinic, King Chulalongkorn Memorial Hospital, included
38 dementia patients (76.1£9.0 years) and 32 patients (71.8+9.9Years) with mild cognitive impairment (MCI),
diagnosed by the medical specialists. The cognitive impairment was assessed by the TMSE (Thai Mental State
Examination), and then scored. Participants were assessed for chewing efficacy using the mixing ability test of
the two-color chewing gum, followed by an analysis using the ViewGum software. The data analysis revealed
the variance of hue (VOH) as the measure of the two-color mixture. Inadequate mixing of the two colors presents
with VOH larger than the complete mixture. The images of mixing colors in the gum were taken by the
smartphone, and then compared to the scanner by intraclass correlation coefficients (ICCs). The analysis
demonstrated ICCs of 0.97 indicating the excellent reliability (0.96; p<0.001;95%CI 0.955-0.982) of the two
methods. The chewing efficacy, analyzed from the images taken by the smartphone (P=0.01) and the scanner
(P=0.02), of dementia patients was significantly different from patients with MCl shown by Independent t-test
analysis. The simple linear regression analysis revealed a significant association between VOH and TMSE score
analyzed from the images taken by the smartphone (F(1,53)=6.566, P=0.013, R*= 0.110), and the scanner
(F(1,53)=6.437, P=0.014, R?=0.108). This study suggested that the chewing efficacy can be simply analyzed with
the two-color chewing gum test and a smartphone image capture for ViewGum software analysis. Within the
limitation of this study, the participants demonstrated a significant association between chewing efficacy and the
severity level of cognitive impairment. Further studies are necessary to determine whether chewing efficacy can

support a prediction of the cognitive impairment in patients with early signs of dementia.
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Chapter |
INTRODUCTION

Background and rationale

Around 50 million people have been living with dementia worldwide, and the
number is continually increased (1, 2). Dementia is the neurodegenerative syndrome,
commonly diagnosed in elderly over the age of 65 (3), that affects memory, behavior,
cognitive processes, and the ability to maintain daily activities. There are different types
of dementia, but Alzheimer’s disease is the most common form of dementia in elderly
patients. Oral health problems, such as sgingival bleeding, periodontal pockets,
stomatitis, mucosal lesions, reduced salivary flow, and high plaque levels (4), are
commonly found in patients with dementia. These oral health problems result in
impairment of chewing efficiency, including increasing of chewing time, or reducing
chewing ability due to missing teeth or malfunction of the jaws, joints, jaw muscles or
the neural system (5). The oral health problems cause a great impact on diet and
nutrition, oral and overall comfort, behavior change, quality of life and life expectancy
in elderly patients (6).

The relationship between cognition and chewing efficiency has been studied.
The masticatory function was reported to be associated with cognitive impairment
which is a major symptom in patients with dementia (7-9). Positive correlation was
found between masticatory difficulty and cognitive impairment in elderly persons with
dementia according to the study of Weijenberg R. et al. 2015 (10). However, it remains
unclear whether the chewing efficacy can predict the cognitive impairment in elderly.

Chewing efficiency can be measured objectively or subjectively, or through a
combination of both. The individual perception of masticatory performance is often
measured by questionnaire (5, 11), but no positive correlation was found between
subjective and objective measurement (12). In elderly patients with dementia,
subjective assessments or self-reports are hardly reliable. On the other hand the

objective measurement, e.g. mixing ability test, is preferred (13, 14). Sieving methods



is considered as ‘gold standard’ objectively chewing efficiency test (15, 16). Although
this method requires special equipment, presents some inconveniences and time
consuming (17). Therefore, the method of assessment for chewing efficacy should be
adequately simple for using in out-patients and dental clinics. Another objective
assessment is to measure the color change in chewing gum using a color scale or
handheld colorimeter (18). Similar to the previously mentioned study, the two-color
chewing gum mixing ability test is to evaluate the degree of blending of the two-color
chewing gum as an indicator of chewing efficiency. The degree of mixing of the two-
colors can be evaluated either visually (visual inspection) or on a reference scale or
opto-electronically (computer analysis). The opto-electronic assessment of the degree
of color mixture can be assessed with the freeware ViewGum software (dHAL
Software, Greece, www.dhal.com), a computer program developed
specifically to evaluate chewing efficiency by the two- color chewing gum
test (19). The validity of ViewGum software was shown to evaluate chewing efficiency
from a two color chewing gum mixing ability test when used with chewing gum with
different colors (20). This method is simplified and safe for elderly. The software is
based on the variance of hue (VOH), inadequate color mixing presents with larger
variance on the hue axis than complete mixing. The variance of the hue (VOH) is
considered as the measure of mixing.

Therefore, the purposes of this study were to assess the chewing efficacy in
patients with dementia using the two-color chewing gum test, and to examine the
correlation between chewing efficacy and the level of cognitive impairment. The
validity of the two-color chewing sum test and images captured by the smartphone or
scanner will be analyzed by the ViewGum software. We hypothesized that a positive
correlation between these outcomes would exist in the elderly patient population
with dementia. Studying the relationships between cognition and chewing efficacy will

be useful to understand the masticatory impairment mechanisms. These findings may



be used to develop prevention strategies of public health systems to optimize care
for elderly people suffering from dementia.

Research questions

Can we measure chewing efficacy in dementia patients using the two-color
chewing gum mixing test in the out-patient clinics?

Can chewing efficacy, measured in the clinic, be related to severity of patients
with dementia?

Research objectives

1. To analyze the chewing efficiency in the patients with dementia and to study
the relationship between the chewing efficiency and different levels of cognitive
disability.

2. To validate the two-color chewing sum test and the chewing efficiency
analysis through the ViewGum software by imaging method comparing with the
scanner method.

Research hypothesises

Hypothesis A; The two-color chewing sum mixing recorded by photograph and
analyzed by ViewGum software represents patient’s chewing efficiency, and that can
be related to the severity level of cognitive impairment and be different between
patients with MCl and dementia.

Hypothesis B; There is no significant difference between data recorded by
photograph and scanner for the two-color chewing gum mixing analyzed by ViewGum
software.

Scope of Research

This study investigated the plausible relationship of the cognitive impairment
and chewing efficacy. The validity of the two-color chewing gum test recorded by two
devices; the smartphone photograph and the scanner, is therefore crucial and the
measurement was validated in the preliminary study on healthy subjects with normal
chewing patterns. The test was then conducted in a group of patients with some

degree of cognitive impairment at King Chulalongkorn Memorial Hospital. The duration



of data collection in 2019-2020 has involved the period of COVID19 pandemic in
Bangkok, Thailand, and the situation may affect the patients who came to the
Dementia Clinic and data generalization.
Limitation

The limitation of this study was that only one smartphone was used to capture
images despite a variety of smartphone devices in market, when using different devices,
the image resolution and color could be varied, affecting the reliability of
measurement. Therefore, the future study should be continued to investigate this
aspect as related to the measurement accuracy. In addition, further study may include
other clinical data, such as periodontal status, bite force, salivary flow rate, to
investigate confounding relationship to the chewing efficiency for precise interpretation
in the future.

Expected outcomes

Patients with MCl and dementia are different in chewing efficiency analyzed by
ViewGum software and there is the relationship between chewing efficiency and
severity level of cognitive impairment.

The photographs of two-color mixing chewing gum simply recorded by a
smartphone in dental clinic can be used to quantitatively analyze the patients’
chewing efficiency and evaluate patients’ cognitive function

Keyword
CHEWING EFFICIENCY, MIXING ABILITY TEST, VIEWGUM SOFTWARE, COGNITIVE

IMPAIRMENT, DEMENTIA

Research design

Clinical research



Conceptual framework

INPUT

®  Severity level of cognitive
impairment according to
TMSE score (0-30)

®  Dementia diagnosis
confirmed by medical
specialist record at King
Chulalongkorn Memorial

Hospital

PROCESS

>

The two-color chewing gum test (20s),

and using a smartphone with ViewGum

software for chewing efficiency analysis

OUTPUT

- The software scans and
calculate the image to the VOH (variance
of hue)

- High VOH -» poorly mixed
colors

- Low VOH  -» well-mixed
colors

- The VOH is considered a

measure of chewing efficacy

OuTCOM

- Difference in chewing efficiency
between MCl and dementia
- The correlation between chewing

efficiency and cognitive impairment




Chapter Il
LITERATURE REVIEW

Dementia

Dementia is a clinical syndrome caused by neurodegeneration and
characterized by a loss of intellectual abilities that is sufficiently serious to interfere
with daily life activities (21). Dementia is also associated with impairment in functional
abilities that can result in a loss of independence (1, 22). People have dementia around
50 million worldwide. There are nearly 10 million new cases every year. The total
number of people with dementia is projected to reach 82 million in 2030 and 152
million in 2050 (1). Almost half of the demented patients (46%) lived in Asia, 30% in
Europe, and 12% in North America. About 6.1% of the population 65 years of age and
older suffered from dementia and 59% were female (23). It is a primarily a disease of
aging. The prevalence of dementia increases with age (24). Dementia is rare in young
and middle age but after the age of 50 years it becomes more common.
Approximately, the population of dementia rises to 10-35% in those over 85 years of
age (25). There are four common types of dementia; Alzheimer's disease, diffuse Lewy
body dementia, frontotemporal dementia, and vascular dementia (26).Less common
causes of dementia are several other conditions, including Huntington’s disease,
Corticobasal degeneration, Multiple sclerosis, Normal pressure hydrocephalus, and
Human immunodeficiency virus-related dementia. Age is the most consistent and
important risk factor for dementia. The incidence and prevalence rate both double
every five years from the age of 65 to 85. More women are affected by Alzheimer’s
disease than men (27). Vascular dementia, on the other hand, is more common in men
than women (28).

The severity of cognitive impairment

The severity level of cognitive impairment can be rated using Thai Mental State
Examination (TMSE) (29). TMSE was modified from MMSE (Mini-Mental State

Examination) (30), which is the most widely used to measure of cognition in clinical



practice worldwide. TMSE has been extensively used in Thailand as the standard
mental status examination for Thai subjects and used to screen cognitive impairment
and dementia.

The total possible score of TMSE ranges from 0 -30 points and contains six basic
subtests concerning orientation, registration, attention, calculation, language, and
recall. The scores of 21 - 25 are consistent with mild dementia, 11 - 20 with moderate,
and 0 - 10 with severe, and cutoffs are varied by study. A high score means having a
good cognition function. According to studies, the mean of TMSE scores in the Thai
elderly that without dementia was 27.3 + 2.02. The cut-off score for diagnosis of normal
healthy Thai elderly for TMSE is 23 score. There were 16.37 percent of Thai elderly
who achieved the full score of 30 points in the TMSE test.

The TMSE has been used throughout Thailand as it is quick (less than 10
minutes), sensitive, reliable, and applicable. The TMSE score is used widely in research
and clinical setting in Thailand. However, the test is not sensitive for mild dementia,
and scores may be influenced by age and education, as well as language, motor, and
visual impairments (23).

Tardive dyskinesia (TD) is an involuntary movement disorder that causes
involuntary, repetitive body movements and is commonly seen in patients who are
on long-term treatment with antipsychotic medications (31). TD is characterized by
involuntary, repetitive, purposeless movements that vary in localization and form and
occurs in 8 main areas: tongue, jaw, lips, face, trunk, upper extremities, lower
extremities, and respiratory system (32). TD is usually associated with history of
conventional antipsychotic use and occurs after several years of treatment. The
persistent TD can occur in patients treated with conventional antipsychotics, even at
low dosages, for as few as 2 months (33). Antipsychotic drugs causing TD are often

used to treat psychiatric symptoms frequently seen in dementia (34).



Oral health problems in dementia

Oral health problems are commonly found in dementia, i.e. gingival bleeding,
periodontal pockets, stomatitis, mucosal lesions, reduced salivary flow, and high
plaque levels (4). Moreover, patients also have problems on chewing functions such
as chewing longer or not able to chew hard foods which may result from missing teeth
or malfunction of the jaws, joints, jaw muscles or the neural system etc. (5) As general
health is closely associated with oral health, these problems can impact on diet and
nutrition, oral and general comfort, behavior change, quality of life and life expectancy
(6).

The relationship between cognition and chewing efficiency

The relationship between cognition and chewing efficiency was discussed in
the past. Many studies reported that the masticatory function was associated with
cognitive decline which is a major symptom of dementia (35). A positive correlation
was found between chewing difficulty and cognition in elderly persons with dementia
according to the study of Weijenberg R. et al 2015. They used the Mini-Mental State
Examination (MMSE) for assessment of general cognition and a two-color chewing gum
mixing ability test with a computer script (calculating the difference in color intensity
of each digital pixel and its neighbor, providing a measure for mixing) for assessment
of masticatory performance (10). Another study indicated that chewing efficiency was
associated with cognitive impairment. They compared the chewing efficiency between
patient with dementia and patient with Mild Cognitive Impairment (MCI) or no
dementia. The chewing efficiency was measured by the degree of color mixture of a
two-color chewing gum mixing test through visual inspection/subjective assessment
(SA) and optoelectronic analysis. Such measurement showed that the persons with
dementia performs less well at the two-color gum mixing task (36). In addition,
subjective assessment or self-reported questionnaires was used to measure chewing
difficulty according to the study of Duangjai Lexomboon et al. 2012, their study shown
the association between chewing difficulty and cognitive impairment in elderly persons

(37). In Thailand, a previous study reported that chewing ability was significantly



associated with frailty in community-dwelling older adults in Nakhon Pathom province.
This study used a color-changeable chewing gum or Masticatory Performance
Evaluating Gum (XYLITOL, Lotte, Saitama, Japan) as the objective measurement to
determine chewing ability (38). Studying the relationships between dementia and
chewing efficiency will be useful for understanding the masticatory impairment
mechanisms and may develop prevention strategies for elderly, suffering from
dementia in the future (39).

Chewing efficiency

Chewing is the first process in digestive system which is important for
maintenance of nutritional status and quality of life (40). Chewing efficiency refers to
the ability to grind a certain portion of the test food in a specific time (41). The ability
of a patient to masticate can be assessed by determining Masticatory efficiency and
Masticatory performance (42, 43). The Glossary of Prosthodontics defined chewing
efficiency as “the effort required to achieve a standard degree of comminution of
food” (44). The chewing efficiency reflects the masticatory function. It can be assessed
for the success of dental restoration and teeth substitution, or detection of masticatory
function problems (46). The evaluation of mastication can be measured objectively
(through the assessment of ‘markers’ or masticatory tests), subjectively (through self-
report or individual perception), or through a combination of both.

Subjective assessment of chewing efficiency

The subjective measurement or self-assessed chewing efficiency can be
described in terms of subjective responses of the person to the questions about
mastication. It can be evaluated through questionnaires or personal interviews (47).
Self-assessment or subjective evaluation method has been used in epidemiological
studies frequently because it is inexpensive and simple (37, 48). However, There was
the suggestion that the self-assessment of chewing ability might be insufficient for
evaluation of mastication (14). The subjective and objective measurement may not be
positively correlated (49, 50), suggesting the problem of validity between the two

approaches of measurement. (5, 12, 37, 47, 48).
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Objective assessment of chewing efficiency

Various objective methods have been used to determine chewing efficiency.
For example, sieving methods is considered as gold standard chewing efficiency test
for clinical and experimental studies (15, 16). Briefly, the chewed specimen was spat
out after the chewing test and rinsed through a stack of sieves with varieties size of
mesh apertures. Finally, the ability of grinding food was analyzed from the number
and size of the individual particles through the mesh. The basic principle of this
method was that the more efficient the chewing the higher the proportion of food
that will pass through the smaller meshes. The weight of particles collected on each
sieve was commonly expressed as a percentage of the total weight and used as indices
of the efficiency of chewing (51). The sieving method was reported to be highly
repeatable with validity and reliability (15, 52). However, this method requires the
special equipment, presents some inconveniences and time consuming (17). In
addition, patients with dysphagia are at risk of aspirating such particles (53).

Another method is measuring color change in chewing gum after chewing test.
Ishikawa et al. 2007 developed a novel approach to evaluate the color-changeable
chewing gum and handheld colorimeter to assess masticatory ability (54). They
suggested that this method was useful for an objective evaluation in denture wearers
for improvement of the prostheses. Their following studies have used colorimetric
approach and color scales for evaluation of color-changeable chewing gum. Agnieszka
et al. 2017 indicated that the color-changeable chewing gum is a valid and reliable
method for evaluation of chewing efficiency (55). Many studies also confirmed validity
and reliability of colorimetric analysis of color-changeable chewing gum using a
developed color scale (18). This method is simple, effective, and clinically practical
without the need for special equipments. Nevertheless, the chewing sum may be
hardly to buy in Thailand.

Similarly, the two-colored chewing sum mixing ability test is to evaluate the

degree of blending of the two-color chewing gum as an indicator of chewing efficiency.


https://www.sciencedirect.com/science/article/pii/S1883195816300287#!
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This method assesses the degree of blending of the two-color chewing gum as an
indicator of chewing efficiency. The degree of mixing of the two colors can be
evaluated either visually (visual inspection) on a reference scale or opto-electronically
(computer analysis) (56-58). This test correlates significantly with sieving tests.
Therefore, it can be used as an objective indicator for chewing efficiency (53).

The opto-electronic assessment of the degree of color mixture can be assessed
with the freeware ViewGum software (dHAL Software, Greece, www.dhal.com), a
computer program specifically developed to evaluate masticatory performance by the
two color chewing gum test (19). ViewGum software was proved to be a discriminative
and reliable opto-electronic tool. Previous study has shown the validity of ViewGum
software to evaluate chewing efficiency from a two-color gum mixing ability test when
used with chewing gum in different colors. It provided a simple and safe evaluation
(20). With regard to previous study, the chewing efficiency was evaluated through
optoelectronic analysis performed with the ViewGum software as the gold standard
(58-60). The software first transforms the images into the HSI color space. Then the
hue value is calculated for each pixel in the semi-automatically segmented images. If
the colors were not mixed, two well-separated peaks on the hue axis were present.
With increasing degree of color mixing, the two hue peaks of each color group converge
and fuse at an intermediate position into one peak when the colors were well mixed.
The variance of the hue or VOH is considered as the measure of mixing. The method
was originally described by Halezonetis et al., 2013 (20). This software is a freeware
and can be easily accessed from any laboratory or clinical settings.

The assessments of the chewing function in geriatrics or special care dentistry.
Simplicity and effectiveness are the two main requirements regarding the
reproducibility of scientific as well as clinical methodology. The chewing process can
be compromised by several factors. Many factors are known to influence masticatory

performance, such as loss and restoration of post canine teeth, occlusal contact area,
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malocclusion, bite force, salivary flow, age, gender, sensory feedback and oral motor

function (5).
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Chapter llI
RESEARCH METHODOLOGY

Part 1 : Preliminary study

Healthy participants, aged between 18 to 50 years old who had full dentate
(28 teeth) and Angle’s classification | occlusion with normal chewing ability, were
included in the preliminary study. All participants demonstrated good oral health, with
no clinical signs of current infections or any disorder in their stomatognathic systems.
Any candidate who presented with Angle’s classification Il or Il occlusions,
temporomandibular joint dysfunction (TMD), oral infections, or more than four
decayed or restored teeth that required dental treatment were excluded. The
informed consent was submitted according to the ethical protocol granted by the
ethical committee, Faculty of Dentistry, Chulalongkorn University (Approval number:
HREC-DCU-P 2019-004). The participants then followed the study protocol as described
in the following steps: 1. Each participant would chew a gum for 20 seconds at a
leisurely rate; 2.Then, to acquire an image of the chewed gum appearance, digital
photography by smartphone camera (iPhone® 7 Apple Inc., California, USA; Dual 12MP
wide-angle, 12-megapixels) and a flatbed scanner (resolution of 300 dpi, Epson
Perfection V39, Seiko Epson Corp., Nagano, Japan) was used; 3. The generated image
was imported into the ViewGum software for analysis. (Figure 1)

Two devices, the smartphone or scanner, were used to record images, then the
images were analyzed by ViewGum software. Intraclass correlation coefficient (ICC) (61,
62) was used to determine an agreement between the data obtained from smartphone
and scanner. When the different measures of a quantity are very similar in each
individual (very similar scores are assigned by different observers or raters for each
individual), the ICC is close to 1. In contrast, when there is little agreement about the

measurements in each individual, the ICC is lower and approaches (63).
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Smartphone camera

Hubba-bubba-

Chew a gum

Figure 1 The method of preliminary study

Part 2: The study in elderly patients

Study population

This clinical study was conducted at the Dementia Clinic, King Chulalongkorn
Memorial Hospital, Bangkok Thailand. All participants were patients who have been
appointed to the Dementia Clinic during June to October 2020. The study was
approved by the Institutional Review Board of the Faculty of Medicine, Chulalongkorn
University (IRB no: 545/62). Patients diagnosed with dementia, including Alzheimer’s
disease, vascular dementia, levy body disease, frontotemporal dementia, or mild
cognitive impairment (MCI), by the medical specialists at King Chulalongkorn Memorial
Hospital, would be included in this study. The severity of cognitive impairment was
determined using TMSE (Thai Mental State Examination) scores that was evaluated by
the specialist. Patients must have at least 4 pairs of posterior teeth to be included.
Prior to participation, patients were informed of the purpose and the protocol of this

research and were asked to sign their consent for participation.
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Exclusion criteria were as follow: The present signs of severe infection,
neurologic diseases such as parkinsonism ,Huntington's disease, stroke and seizure
disorders, having the psychiatric disorders affecting the study, diagnosed as tardive
dyskinesias (involuntary movements of the tongue, lips, face, trunk, and extremities
that occur in patients treated with long-term antipsychotic medications) or rabbit
syndrome, hearing impairments, visual impairments and other serious medical

illnesses.

Sample size calculation

The sample size was calculated using G * Power 3.1 (64). To detect an effect of
P = -0.33 with 80% power in Linear Regression (size of slope, one group) using a one-
tailed test, G*¥Power suggests that we would need 53 participants in the study (N = 53).

Chewing gum specimens

Two-colored chewing gum for color mixing ability used the specimens from
Hubba-Bubba Tape Gums (WM. Wrigley Jr. Company, Chicago, USA) in the flavors ‘Sour
Berry’ (azure color) and ‘Fancy Fruit’ (pink color) (Figure 2). The gum was prepared
according to the original protocol (56). Briefly, strips in the dimension of 30 mm x 18
mm X 3 mm were cut from both and manually stuck together before the chewing test

(Figure 3).

Figure 2 Hubba-bubba-bubble tape gum
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Figure 3 Preparation of the two-colored chewing gum (A) One piece of

chewing gum was cut (30mm x18mmx3mm) from the original package. (B) Two-

colored chewing gum was prepared by sticking the two strips of chewing gum

together.

The two-color chewing sum mixing ability test

The participants were instructed by the one researcher to chew on prepared,
two-colored, chewing gum. During the test, the participants were asked to sit upright
position and continuously chew at a leisurely rate for 20 s, respectively. The chewing
motion was recorded in a video clip for later counting the number of chewing cycles,
which is the number of the movement of the lower jaw when each participant chewed
the gum. When finished, each chewed gum was collected, spat and placed into a
transparent plastic bag, which were labelled with the number and then were flattened
into a pre-made block thickness of 1.5 mm by pressing it with the glass plate. Then, a
glass plate was used to press on the specimen until it flowed to fill in the block and
reached the thickness of 1.5 mm (Figure 4). The data collected included gender, age,

number of occluding pairs of posterior teeth and number of chewing cycle.

Figure 4 Preparation of compressing specimen (A) The transparent

plastic bag and the glass plate with a pink block (B) The specimen was in 40

mm diameter with a thickness of 1.5 mm.

Digital image analysis

To capture the images of chewed gum for analysis by the ViewGum software,
a flatbed scanner (resolution of 300 dpi, Epson Perfection V39, Seiko Epson Corp.,

Nagano, Japan) and a smartphone (iPhone® 7, Apple Inc., California, USA; Dual 12MP
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wide-angle, 12-megapixels) were used (Figure 5,6). Firstly, both sides of specimen were
scanned by flatbed scanner. Then a smartphone was used to capture the images, the
wood board of 4' x 8 and white plastic box were set up to control the light and
distance between the specimen and the smartphone camera (Figure 6). Then, both
sides of the specimens were captured using the smartphone camera. When the digital
images were saved, a computer notebook (Acer, 11th Gen Intel®coreTM, 1 GHz, 512
MB, Acer Inc., Taipei, Taiwan) with MS Windows 10® (Microsoft Corporation, One
Microsoft Way, Redmond, WA, USA) was used for image processing and running the
analysis in the ViewGum software.

Finally, the compound images from both method were imported and assessed
using ViewGum Software Version 1.2, www.dhal.com as originally described by
Halazonetis et al. 2013 (20). This software bases its measurement on a change of
standard deviation of the hue component in each gum image (variance of hue, VOH).
Therefore, less variation in color hue implies higher mixing. Each pair of images would
be assembled into one composite image and resampled to a maximum size of 1000
pixels in the vertical or horizontal direction to speed up processing. Then, the image
would be segmented into foreground and background. To segment the image, the user
draws free-hand strokes with the mouse on the foreground and background areas.
Based on the pixel values at the stroke areas and the distance of each pixel from these
areas, the software would calculate the probability of each pixel belonging to either
the foreground or the background and segments the image. There is no need to be
precise in the positioning of the markers, as the software would segment the image
properly most of the times, even if the mouse trails are sparse and only roughly cover
the areas of interest. The algorithm was very effective for these rather simple images
and allowed easy adjustments in cases of error. After segmentation, the foreground
pixels would be transformed from RGB values (red, green, blue) to the HSI color space
(hue, saturation, intensity). The HSI color space separated color into components that

were perceptual. The software transforms the images into the HSI color space. Using
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the HSI color space, we would be separating hue from brightness and saturation and
obtaining more representative measure of mixing by concentrating only on the hue
component. It then calculates the hue value for each pixel in the semi automatically
segmented images.

If the colors of the specimen were not mixed, two well-separated peaks on the
hue axis are present. With increasing degree of color mixing, the two hue peaks of each
color group converge and would eventually fuse at an intermediate position into one
peak when the colors were perfectly mixed. Therefore, inadequate mixing presented
with larger variance on the hue axis than complete mixing. The variance of hue (VOH)

component would be considered as the measure of mixing.

Figure 5 Equipments for importing the chewed gum images to be

analyzed by ViewGum software (A)A flatbed scanner (B)A computer (C)A

smartphone; iohone 7
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Figure 6 Equipments for digital images captures by smartphone. (A)

White plastic box and wood broad for controlling the environment (B) Setting

box for image capturing by a smartphone

Statistical analysis

Agreement between scanner and smartphone to import images was analyzed
by intraclass correlation coefficients (ICCs). Group comparisons (dementia and MCI)
were performed with independent T-test for numerical data and Chi-square for
categorical data. The relationship between VOH and TMSE score was evaluated using
Pearson correlation and simple linear regression model. The statistical significance
level was set at 0.05. All statistical analyses were conducted using SPSS version 22 for

Windows.
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Chapter IV
RESULTS

Part 1 : Preliminary study in healthy individuals

Characteristics of participants

Twenty-one participants were randomly included in the preliminary study
based on the inclusion criteria. Among these participants, there were fourteen women
and seven men. The mean age (+ SD) of them was 29 (+ 4) years. The mean number
of chewing cycle (+ SD) was 30 (+ 7) cycles. Figure 7 demonstrated the examples of
the chewing gum photographs, captured by the scanner (Figure 7A) and smartphone
camera (Figure 7B) before using ViewGum software for analysis. After analysis by the
ViewGum software, the VOH was measured for chewing efficiency. The results showed
the mean (+ SD) VOH from scanned images was 0.042 (+ 0.024) and from smartphone

images was 0.056 (+ 0.024), respectively (Table 1).

Figure 7 Examples of digital images of the chewed gum taken by (A)

scanner and (B) smartphone camera ready for an analysis using the ViewGum

software.
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Table 1 Characteristics of the participants of the preliminary study

Description Number

Participant total number 21
Female 14
Male 7
Mean Age, years (SD) 29(4)
The mean number of chewing cycle (SD) 30(7)
The mean VOH from scanned images (SD) 0.042(0.024)
The mean VOH from smartphone images (SD) 0.056(0.024)

Correlation and reliability between scanner and smartphone images

The Intraclass Correlation Coefficient (ICC) was used to determine agreement
between images obtained from the scanner and the smartphone. The value for ICC
between the VOH from scanner and smartphone images, using ViewGum software for
analysis, was 0.75 suggesting good reliability between both measurements (P<0.001;
95% Cl1 0.477-0.890). The variance of hue (VOH) analyzed from scanner and smartphone

images showed a similar trend within the same sample (Figure 8).
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Figure 8 The similarity of detection when using images from a scanner

or a smartphone. The chewing gum samples were obtained from each

participant before the images were immediately captured by a scanner (blue),

or a smartphone (orange). The variance of hue (VOH) was analyzed by the

ViewGum software and VOH of images from a scanner (blue) showed similar

trend by visual analysis in preliminary study

Part 2: The study in elderly patients

Characteristics of the population

The elderly participants comprised the mild cognitive impairment (MCI) group
(n=32) and the dementia group (n=38). The demographic characteristics of elderly
participants are demonstrated in Table 2. The MCI group demonstrated an average age
(+ SD) of 71.8 (+ 9.9) years, whereas the average age (+ SD) of the dementia patients
is 76.1 (£ 9.0) years. Participants diagnosed with MCl were 12 men and 20 women, and
participants diagnosed with dementia were 12 men and 26 women. The number of
denture wearers was 23 in the MCl group, and 24 in the dementia group. The mean
number (+ SD) of occluding pair of posterior teeth in the MCl and dementia group was

74 (+ 1.3), and 6.8 (x 1.4), respectively. The mean TMSE (Thai Mental State
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Examination) score (+ SD) of the MCl and dementia group was 27.4 (+ 2.6), and 21.4 (+
4.9), respectively. The number of denture wearers, occluding pair of posterior teeth,
and TMSE score, were demonstrated (Table 2). Based on Independent t-test analysis,
there was no significant differences between MCl and dementia group in age, gender,

denture wearer, and occluding pairs of posterior teeth, except for the TMSE score (p-

value<0.001).
Table 2 Characteristics of the elderly patients
MCI Dementia | P value
Number of Participants 32 38 -
Gender M=12, M=12, 0.6
F=20 F=26
Mean Age, years (SD) 71.84(9.9) | 76.11(9.0) 0.06
Denture wearers 23 24 0.44
Occluding pairs of posterior teeth (SD) 7.4(1.3) 6.8(1.4) 0.11
Thai Mental State Examination Score (SD) | 27.4(2.6) 21.4(4.9) <0.001*

Comparison of chewing efficiency between MCI and dementia group

The ViewGum software analyzed VOH of chewing gum images for chewing
efficiency (Table 3). The results showed the mean VOH (+ SD) from scanned images
was 0.085 (+ 0.091), and 0.219 (+ 0.233), in the MCl and dementia, respectively.
Moreover, the mean VOH (+ SD) from smartphone images was 0.081(x 0.068) in MCl
group and 0.210 (+ 0.217) in dementia group. In addition, the mean number of chewing
cycle (+ SD) was 24.7 (+ 2.7) in MCl group and 23.9 (+ 5.6) in dementia group.
Statistically significant difference in chewing efficiency was found between the MCl and
dementia group. The Box plot of chewing efficiency evaluated by ViewGum software
for MClI and dementia group analyzed images from both scanner

(p-value=0.02) and smartphone (p-value=0.01) were shown (Figure 9).
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Table 3 The chewing efficiency, analyzed by ViewGum software through

images obtain from scanner and smartphone, and the humber of chewing

cycle in MCIl and dementia group

MCI Dementia P value
The mean VOH from scanned
0.085(0.091) 0.219(0.233) 0.02*
images (SD)
The mean VOH from
0.081(0.068) 0.210(0.217) 0.01*
smartphone images (SD)
The number of chewing cycle,
24.7(2.7) 23.9(5.6) 0.49
mean (SD)
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Figure 9 Box plot of chewing efficiency, evaluated by ViewGum software

analyzed images from scanner (A) and smartphone (B) for MCl and dementia

rouy,

Correlation and reliability between VOH analyzed from

scanner and

smartphone images using ViewGum software

To investigate the reliability of measurement using two different devices, the

VOH was compared. The mean VOH (+ SD) of scanned images was 0.157 (+ 0.193) and

smartphone images was 0.151 (+ 0.178). The Intraclass Correlation Coefficient (ICC) was
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used to determine agreement between images obtained from the scanner and the
smartphone for all participants. The result showed ICC of 0.97 considered excellent
reliability or high agreement between both measurement (p<0.001;95%Cl 0.955-0.982).
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Figure 10 The variance of hue (VOH) analyzed from scanner image and

smartphone images using View Gum software, showing that the similarity trend

of the both measurement by visual analysis for all elderly patients

The relationship between chewing efficiency and the level of cognitive

impairment

The TMSE score indicated cognitive impairment level and the VOH represented
chewing efficacy analyzed from both scanner and smartphone images. Pearson
correlation coefficient was then computed to evaluate the relationship between the
TMSE score and VOH of each participant. The results showed a negative correlation
(P<0.05) between the TMSE score and VOH from scanned images (r = -0.329), or VOH
from smartphone images (r = -0.332).

Simple linear regression was carried out to investigate the relationship between
TMSE score and VOH. The scatter plot showed that there was a strong linear
relationship between the two variables (Figure 11). The simple linear regression
analyses revealed a significant association between TMSE score and VOH (P= 0.014 for

scanner images, P= 0.013 for smartphone images).
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From the data of scanned images, a simple linear regression demonstrated
statistically significant significant predictor of TMSE score (P=0.014, F(1,53)=6.437), and
indicated that for everyone unit increase in VOH the TMSE score change by -7.781. The
model explained approximately R* x 100% of the validity (R* = 0.108). (Figure 11A)

The regression equation was:

y = 25.44 - 7.781x

y represents the TMSE score; x represents the VOH from scanner images

From the data of smartphone images, a simple linear regression demonstrated
statistically significant predictor of TMSE score (P=0.013, F(1,53)=6.566), and indicated
that for everyone unit increase in VOH the TMSE score change by -7.781. The model
explained approximately R? x 100% of the validity (R? = 0.110). (Figure 11B)

The regression equation was:

y = 25.531 - 8.493x

y represents the TMSE score; x represents the VOH from scanner images

There are some outliners when VOH is lower than 0.3 (Figure 11). According to
D. J. Halazonetis et al. 2013 and Fankhause et al. 2020, this may be because when the

chewing gums images were well mixed (Low VOH), some error occurred (65, 66).
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The relationship between chewing cycle and VOH score

The number of chewing cycle had significantly negative association with VOH
from both scanner images and digital images. Statistical significance was set at P<0.05,
Pearson correlation coefficient between VOH from scanner images and chewing cycle
was -0.516, and between VOH from smartphone images and chewing cycle was -0.446
(p<0.001). The scatter plot between VOH and chewing cycle showed linear trend in

Figure 12a,12b
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chewing gum with greater number of cycles both scanner images(A) and

smartphone images(B).
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CHAPTER V
DISCUSSION

This study demonstrated that images of the two-color chewing gum captured
by the smartphone after the two-color mixing ability test was highly correlated with
the images scanned by the scanner. The smartphone images were used with ViewGum
software to analyze the chewing efficiency and showed its excellent reliability in
comparison with the scanned images. The study procedure was modified from the
original methods described by Halezonetis et al. 2013 (65).

Use of smartphone to capture digital images following with using software will
simplify the method in this study and make this process clinically practical. It is a
common device carried by people at all time and used by almost everybody. The
scanner may be difficult to use in clinical setting because it is large and not widely
available in the clinic. The chewing gum samples should be scanned immediately after
each test to minimize a bias from material color self-change. The previous study
suggested that use of a scanner together with a computer to analyze the specimens
may be too complicated for routine use, especially a special equipment or specialists
are required (66).

However, the quality of smartphone images could be improved by a control of
environmental factors such as brightness, shadow, artifacts, and distance. In this study,
the process was performed in a control box with the same light and distance to
minimize interference factors as possible.

The result of this study confirmed the previous study that their suggest on the
reliability of images from smartphone camera capturing the level of mixture of a two
color mixing chewing gum test, was similar to the standard method using a scanner to
assess chewing efficiency (66). Their study used 8 different smartphones including
iPhone 7 which is similar to this study. It showed no significant difference between
scanner and smartphone images when the visual assessment was considered.

Moreover, there was the study using a smartphone and a custom-built application for
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assessing a two-color chewing gum mixing ability test. It showed a good correlation
between a standard flatbed scanner with ViewGum software and a smartphone
photograph with a custom-built application (Hue-CheckGum® mobile application).
They suggested that the use of a scanner and a computer to analyze chewing efficiency
could eliminate in settings desired simpler, inexpensive, and straightforward analyses
such as elderly homes or the place without requiring specialized equipment or trained
staff.

The two-colored gum mixing ability test was performed in this study as this test
was shown in many studies on the validity and reliability for assessment of chewing
efficiency (67-69). In addition, It was recommended to use in subject with compromised
oral function or the elderly (56, 70). In the future, the use of a two-color gum test with
the ViewGum software applied to the use with smartphone can be developed for both
normal and dementia people. However, the chewing sum used in this study is not
ideal because the gum was not sugar-free. The participants were instructed to rinse
with drinking water after chewing. Future study using sugar-free chewing gum to analyze
chewing efficiency may be proven.

Most of studies on chewing assessments were performed on normal cognitive
function with 20 chewing cycles (56). Nevertheless, our study found that in people
with dementia or cognitive impairment counting the number of 20 chewing cycle as
mentioned in those studies would be difficult or impossible as the patients might lose
interest and not follow the instruction. Thus, we provide the 20 seconds for the specific
chewing time based on previous studies done in people with dementia (10, 70). They
recommended to evaluate a masticatory performance within a specified timeframe as
it is practical and clinically relevant alternative for a predetermined number of chewing
cycles (70).

In the past, there are several researches studying a relationship between
cognition and chewing efficiency by using MMSE (Mini-Mental State Examination) score

as a quantitative representation of cognitive function. The MMSE is commonly used as
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an instrument in both clinical and epidemiological research and usually used as a
dementia screening tool. There was another research showed that MMSE was a
practical method for grading the cognitive state in clinical populations (71). MMSE is
also widely used and translated into many languages including Thai. Thai Mental Sate
Examination (TMSE) was modified from MMSE. TMSE is concerned as the standard
mental status examination for Thai subjects. It has been adapted for use in Thai
culture. Moreover, TMSE has been normed and validated in the Thai population.
TMSE’s total score is 30. The lower the score, the greater cognitive impairment, similar
to the original MMSE. Several studies in Thailand used TMSE to determine cognitive
impairment. TMSE is widely used in screening dementia patient in Thailand (72-74).
The patient with dementia or suspected dementia patient would be tested and the
scores have been recorded by specialist. Therefore, TMSE was used in this study.

Our results confirm previous studies that there was a significant association
between chewing efficiency and cognitive impairment (36, 37, 75). For example, Kimura
et al., 2013 studied the association between chewing ability and geriatric functions
including cognitive function in the community-dwelling elderly. Their study showed
that low chewing ability assessed by color-changeable gum was related to lower
cognitive function assessed by MMSE. According to Lexomboon et al., 2012, they found
that chewing difficulty was significantly correlated with cognitive impairment. The
chewing difficulty was obtained from self-assessment while the cognitive function was
measured by using the abridged version of the MMSE. In addition, there was another
study showing significant associations between mixing ability and general cognition in
elderly dementia persons. The said study used digital camera to photograph the
images and analyzed mixing ability with Mathematica software, obtaining DiffPix score
to indicate mixing ability (10). People with cognitive impairment may have impaired
motor skill that affect chewing efficiency. In addition, their oral self-care ability may
reduce leading to worsening oral health. As dental health care professional, it is still

necessary to maintain oral hygiene for good chewing efficiency especially in dementia
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patient and should be aware of the possible negative effects of worse chewing function
on cognition. Chewing inefficiency can cause poor diet quality or quantity. This results
in lower nutrients which may induce more cognitive impairment in elderly people.
Nevertheless, Future studies are required to understand the association to develop
prevention strategies.

Moreover, we found that a decrease of VOH indicating a higher degree of color
mixture (P<0.001) was significantly associated with an increase of number of chewing
cycles. This was consistent with other studies using mixing ability test to analyze
chewing efficiency (58, 65).

Limitations of this study was that the chewing gum test may not be suitable in
patients with severe stage of dementia, because severe stage patients could not always
cooperative while chewing, and they could be in danger if they accidentally swallow
the gum. Therefore, only a few patients with a very low TMSE score or severe levels
had been included into this study. The data of the chewing gum test may not represent
for the severe group of dementia patients. Although the number of posterior occlusal
support has been controlled by the inclusion criteria, most participants are elderly and
missing many of their posterior teeth. As a result, this study included the patients with
many types of dental restorations and posterior teeth substitution such as crowns,
dental implant, fixed or removable partial dentures, affecting the patients’ chewing
ability as a confounding factor. Additionally, the smartphone used in this study was an
iPhone® 7 (Apple, Cupertino, CA; Dual 12MP wide-angle). Whether the images with
variety of resolution will show inconsistent results, when recorded by different
smartphones, or different devices, then requires further study.

TMSE score and VOH of samples from MCl and dementia were analyzed using
a regression model in a separate analysis. The results did not show any statistically
significant association between TMSE score and VOH in both MCI group (analyzed from
scanner image (P=0.72) and smartphone image (P=0.45) ) and dementia group

(analyzed from scanner image (P=0.46) and smartphone image (P=0.48) ). This may be
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cause by a small number of subjects in the separate analysis (MCI=25, dementia=30).
According to the G*Power program analysis, the appropriate sample size should be at
least 53. However, the recruitment was affected by a lockdown during COVID 19
pandemic.

However, the VOH of the images obtained from smartphone significantly
showed different chewing efficacy of MCl and dementia group. Therefore, using
smartphone to assist chewing efficiency analysis was easy and feasible. In addition,
cognitive impairment level may be estimated from the chewing gum test according to
the regression analysis. Therefore, the VOH calculated from ViewGum software should
be helpful for early detection of patients with cognitive impairment who comes to visit
dentists in their routine appointments. The concern can be expressed to the elderly
patients when the VOH appears greater than 0.345 from the scanner image and 0.306
from smartphone image. This level has been related to TMSE scores less than 23,
which demonstrated the cognitive disability (76). The chewing efficacy test thus
provides evidence for the geriatric dentists to advise elderly patients for seeking further
consultation with the specialists.

This will be useful for dentist to follow up the improvement after dental
treatment or to detect a decrease of the chewing efficiency, which could be a good
indicator for overall health decline such as malnutrition, cognitive impairment,
dysfunction of the muscular system. It may detect the problems leading to the cause
and proper treatment. This finding also suggested the chewing sum method that can

be easily used in routine clinic practice to assess chewing efficiency.
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CHAPTER VI

CONCLUSION
In conclusion, the two-color mixing chewing gum test with the images taken by
a smartphone can be used to analyze the chewing efficiency through ViewGum
software. This is simple, easy, quick, and affordable method. This is also available in
both normal and dementia people. The study found that patients with MCl and
dementia had significant differences in chewing efficiency after analysis. In addition,
study has shown a significant association between chewing efficiency and the severity
of cognitive impairment in elderly participants. We founded the decline of chewing
efficiency upon cognitive impairment increased. Moreover, chewing efficiency was
significantly correlation with chewing cycle (r=-0.516, P<0.001 for scanner images, r=-
0.446, P<0.001 for smartphone images). Evaluation of chewing efficiency may be able
to help determining the cognitive impairments according to simple linear regression

analysis. This may be useful for further development in the future.
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The descriptive data of variance of hue (VOH) analyzed from scanner

images in Preliminary study. Each image was analyzed three times by the same

person and were calculated for mean.

Mean VOH
Scanner
) VOH.1 VOH.2 VOH.3 from scanner
image .
image

1 0.061 0.057 0.063 0.060
2 0.048 0.049 0.049 0.049
3 0.028 0.027 0.028 0.028
il 0.112 0.112 0.114 0.113
5 0.035 0.034 0.035 0.035
6 0.025 0.025 0.030 0.027
7 0.026 0.026 0.027 0.026
8 0.020 0.020 0.022 0.021
9 0.030 0.030 0.036 0.032
10 0.057 0.058 0.058 0.057
11 0.042 0.037 0.041 0.040
12 0.029 0.029 0.029 0.029
13 0.044 0.044 0.053 0.047
14 0.027 0.027 0.027 0.027
15 0.057 0.052 0.059 0.056
16 0.036 0.036 0.036 0.036
17 0.087 0.088 0.091 0.089
18 0.051 0.051 0.051 0.051
19 0.023 0.022 0.023 0.023
20 0.019 0.020 0.019 0.019
21 0.017 0.017 0.017 0.017
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The descriptive data of variance of hue (VOH) analyzed from smartphone

images in preliminary study. Each image was analyzed three times by the same

person and were calculated for mean.

Mean VOH
Smartphone
) VOH.1 VOH.2 VOH.3 from scanner
image .
image

1 0.071 0.060 0.058 0.063
2 0.080 0.054 0.038 0.057
3 0.060 0.045 0.060 0.055
aq 0.100 0.099 0.094 0.098
5 0.057 0.060 0.059 0.059
6 0.060 0.063 0.076 0.067
7 0.030 0.028 0.029 0.029
8 0.043 0.015 0.022 0.027
9 0.060 0.049 0.053 0.054
10 0.054 0.023 0.032 0.036
11 0.049 0.047 0.033 0.043
12 0.046 0.042 0.051 0.047
13 0.033 0.056 0.057 0.049
14 0.071 0.049 0.075 0.065
15 0.098 0.100 0.090 0.096
16 0.047 0.045 0.049 0.047
17 0.125 0.115 0.125 0.122
18 0.042 0.045 0.058 0.048
19 0.022 0.034 0.041 0.033
20 0.067 0.021 0.043 0.044
21 0.028 0.029 0.047 0.034
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The descriptive data of variance of hue (VOH) analyzed from both scanner

and smartphone images in elderly patients, including the TMSE score.

VOH from VOH from
Participant ID TMSE score
scanner image | smartphone image
1 0.021 0.052 25
2 0.084 0.048 -
3 0.426 0.305 23
il 0.097 0.151 30
5 0.051 0.050 -
6 0.030 0.026 23
7 0.026 0.038 29
8 0.041 0.037 23
9 0.070 0.046 24
10 0.034 0.045 22
11 0.017 0.043 24
12 0.064 0.056 -
13 0.251 0.100 28
14 0.190 0.117 30
15 0.035 0.049 21
16 0.043 0.050 -
17 0.078 0.080 -
18 0.055 0.094 -
19 0.062 0.067 -
20 0.098 0.118 -
21 0.047 0.080 30
22 0.074 0.075 29
23 0.040 0.054 17
24 0.160 0.157 23
25 0.030 0.039 29
26 0.060 0.085 28
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27 0.112 0.096 29
28 0.082 0.077 26
29 0.382 0.381 24
30 0.181 0.199 22
31 0.055 0.060 30
32 0.375 0.268 22
33 0.170 0.128 -

34 0.483 0.402 27
35 0.589 0.649 26
36 0.196 0.659 16
37 0.089 0.175 12
38 0.055 0.276 22
39 0.027 0.084 24
40 0.067 0.623 17
a1 0.207 0.117 27
a2 0.063 0.148 22
43 0.041 0.235 9

aa 0.028 0.061 29
a5 0.054 0.070 -

a6 0.261 0.059 29
ar 0.073 0.070 23
a8 0.029 0.029 30
49 0.028 0.025 30
50 0.024 0.535 23
51 0.033 0.069 14
52 0.566 0.100 25
53 0.067 0.672 22
54 0.093 0.091 -

55 0.727 0.845 19
56 0.106 0.105 13
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57 0.878 0.043 27
58 0.080 0.183 23
59 0.022 0.100 19
60 0.196 0.068 26
61 0.089 0.103 -

62 0.055 0.075 -

63 0.027 0.066 -

64 0.067 0.150 28
65 0.207 0.058 22
66 0.063 0.035 25
67 0.041 0.049 30
68 0.028 0.175 -

69 0.054 0.068 27
70 0.261 0.058 28
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Consent form for participants in preliminary study
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