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PRACTICAL APPLICATION

It is well understood that the elderly population is particularly vulnerable to malnutrition
through decreased appetite which as a consequence affects health status. The level of
proficiency in the associated food manipulation, mastication and deglutition executed during
the process correlate with the eating proficiency or capability. To date, to the authors
knowledge, there are no studies which address the eating capacity of the elderly population.
It was observed that with increasing age, a corresponding decrease in deliverable force using
the hand, finger and tongue was noted. Accompanying these findings, an increase in the
threshold in texture discrimination (i.e. tactile and pair-wise comparison tests) was also found
with the elderly female group exhibiting the greatest reduction in capacity. The findings in
this work offer objective measures with which to develop novel foods specifically aimed at
improving nutritional products for the elderly.
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Abstract

The adequacy of food handling and eating performance is vital for human survival and well-
being. However physiological weakness due to ageing can often lead to compromised living.
This_ work investigated quantifiable parameters to find associations between age and the
eating capability in young (n=36) and elderly sample populations (n=40). The primary focus
was to evaluate the strength of hand (hand and finger grip), mouth (tongue pressure), and the
capability of texture discrimination (touch sensitivity and gel firmness). It was observed that,
with age increment, there was a decrease in all measured forces (hand, finger, tongue) and an
increased threshold in the texture discrimination (tactile and pair comparison test); the most
decreased capability was observed in elderly women. Further statistical analyses show that
hand grip force was related to finger force, tongue pressure and texture discrimination. These
results demonstrate that a clear physiological separation exists between the two age groups
and that the eating capability of an elderly individual can be objectively evaluated.

Keywords: eating capability, age, hand grip force, texture discrimination
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1. Introduction

It is generally recognised that the overall quality and sense of satisfaction of life are strongly
influenced by one’s nutritional status (Dean, 2009). However, with age, food and energy
intake tend to decrease due to physiological and practical reasons. This reduced intake could
compromise the nutritional status of elderly individuals, increasing the incidence of
morbidities (Maitre et al., 2014).

Furthermore, apart from some nutraceutical products, little effort has been made by the food
sector. in developing new products for the needs of the elderly consumers (Popper, 2003),
leading to further restrictions on food variety and choice.

From a scientific perspective, research has been conducted to explain the decline of taste
(Mojet et al., 2005) and smell perception (Schiffman and Zervakis, 2002), or the ability to
differentiate food texture (Fillion, 2003) in relation to the ageing process. The capabilities of
perceiving sensory changes are very important for food enjoyment, and in the ability to
conduct coordinated actions (in particular hand and oral actions) which are essential to
perform an eating process. Woda et al. (2006) reviewed the mastication process in the old age,
and noted that there is a reduction in bite force and muscle activity. Individuals who have
edentulism (tooth-loss), have a reduced level of mastication efficiency (Fontijn-Tekamp et al.,
2000; Miyaura et al., 2000). In summary, mastication capability in elderly populations is
related to physical capability and dental status.

During the whole eating process, we observe and manipulate food with cutlery; we transfer
the food to the mouth; we masticate food to form a bolus and finally swallow. In other words,
humans perform many complex and coordinated oral and body actions during the feeding
process. In this context, healthy and young subjects usually do not report any problems in
performing the eating process. In contrast, in the elderly population, due to ageing (e.g.
muscle weakness or having fewer teeth), some of these capabilities can become less efficient,
leading to difficulties of food consumption. However, having elderly status (i.e. > 65 years
old according to the definition of WHO) does not necessarily imply the proportionate loss of
all of these capabilities. People over 65 years old are clearly a heterogeneous group with
different health status, physical and mental needs, as well as abilities and expectations.

In a previous work, the present authors, reviewed a set of tools suitable to characterize the
eating process (Laguna and Chen, 2016). Appropriate tools selected were non-invasive and
could easily be used by non-medically trained carers. In elderly participants (n=203), hand
grip force, finger grip force, biting force, lip sealing pressure, tongue pressure and touch
sensitivity were measured (Laguna et al., 2015). The “Eating Capability” was then used to
characterise four categories of participants from weakest to strongest with two intermediate
groups. To test the functional utility of this classification, participants then rated food pictures
on how difficult it was to manage that particular food by hand (manual cutlery manipulation
such as cutting or picking up food) and by mouth (such as oral processing — chewing, biting,
swallowing). However, to the author’s knowledge, the associations between eating capability
and age have not been characterized.
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In order to extend those findings, the present work was designed to evaluate if the hypotheses
that eating capabilities can be differentiated between different population groups and ageing
influences the measurable capabilities of the eating process.

In the present work, two groups of people above and below 65 years of age were tested for
their oral physiological and hand manipulation capabilities. Manual manipulation of food is
important for opening and removal packaging, arranging and controlling food on the plate
(e.g. cutting to an appropriate size) and transporting the food to the mouth. The tongue also
plays an important role in food oral manipulation as well as in the swallowing process. As
tactile discrimination is necessary to ensure dexterous and precise hand actions and also in
the perception of food texture, subjects were also evaluated for their capability of texture
discrimination.

2. Experimental designs
2.1 Subjects
The respondents were divided into two main groups:

Below 65 years old: 36 subjects (18 female, 18 male, average age 31+11 years), were
recruited from the Leeds university student community and staff.

Over: 65 years old: 40 subjects (23 female and 18 male and average age 79+9 years) from
community centres and sheltered accommodation through the Neighbourhood Network
Scheme in the area of Leeds, participated in the study.

Participation in the study was voluntary. All subjects who agreed to participate in the study
received an information sheet, in addition to a verbal explanation of the purposes of the
project and what will be involved in the test. Signed consent forms were obtained from all
subjects who participated in the test.

Participants were asked about their dental status and they were grouped into: natural,
combination (natural teeth and crowns/bridges), denture, edentulous, or wearing top or low
denture. Just one of the participants below 65 years old had natural teeth and crown, the
remaining members of this group had natural teeth. Regarding participants over 65 years old:
6 had natural teeth, 8 had a combination between natural and crowns, 24 were denture
wearers and 2 participants had upper or the lower dentures.

Ethical approval was obtained for all participants from the Faculty Ethics Committee and all
test procedures followed the ethical rules and regulations and standards as set by the
University of Leeds, UK (MEEC 13-019, MEEC 12-013).

2.2. General muscle strength
2.2.1. Hand grip force

The maximal hand gripping force (kg) of each participant was measured using an adjustable
handheld dynamometer (JAMAR dynamometer). This device has variable levels to cater for
variation in strength capabilities and is routinely used in clinical studies for rehabilitation of
patients with neuromuscular problems (Figure 1a) (Butler et al., 2011).
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Following the methodology described by Trampisch et al. (Trampisch et al., 2012),
participants were asked to squeeze the hand dynamometer with the maximum effort and
maintain this for approximately 3 seconds with each hand (alternately) with the elbow flexed
to 90 degrees, forearm and wrist were monitored to maintain a neutral position.

The dynamometer has 5 different positions to accommodate better the hand span, the
position selected was with the handle in the second groove (at level 2) being the most
appropriate in 70% of the cases considered in previous studies (Trampisch et al., 2012).
However, if the participant felt any discomfort to achieve this level the force position was
moved to another level at which the participant could achieve maximal grip force.

The intensity of hand grip force was displayed as the maximum force in the digital panel.
Three repeats were obtained and an average value was calculated for each hand.

2.2.2. Finger precision grip force

Finger gripping force was measured with a modified version of the device designed by
Flanagan et al. (Flanagan et al., 2012). It consists of a built-in thin flexible force transducer
(Tekscan, South Boston, Mass) connected to a multimeter (Figure 1b.1), two self-adhesive
lIcm diameter neoprene disc were attached to the sensor to make the measurement
comfortable for participants. The flexforce transducer is a very thin flexible sensor to
measure forces between 2 compressing solid substrates (Flanagan et al., 2012).

The multimeter connected to the flexisensor registered the resistance in Ohms (Q2). The
resistance in the sensor depends directly on the applied force load. It decreases to a stable
minimum with the increasing load until a steady maximum force is applied. To convert the
registered resistance data into force values, a calibration was conducted for the equipment.
Forces from 5 N to 250N were applied using a texture analyser (TA-XT.plus Texture
Analyzer equipped with the Texture Exponent software version 2.0.7.0. Stable Microsystems,
Godalming, UK) and associated resistance at each applied force was recorded. Therefore, a
standard curve of the applied force (N) and registered resistance was produced.

To perform the finger gripping test, subjects were asked to squeeze the neoprene disc
between thumb and index finger. The minimum resistance value was recorded and the test
was repeated in triplicate for each hand.

2.2.3. Maximum isometric tongue pressure

Tongue muscle strength was measured in previous studies using the lowa Oral Performance
Instrument (IOPI®) (Alsanei and Chen, 2014) (Figure lc). It is a medical device initially
developed for the clinical assessments of rehabilitation patients. A disposable tongue bulb is
connected to a pressure transducer with a thin plastic tube to record tongue pressure (Ono et
al. 2009). Participants were asked to locate the bulb into the centre of the oral cavity between
the tongue and the hard palate and to exert maximal tongue pressure. The test was performed
in triplicate with a brief rest given between the tests.

This article is protected by copyright. All rights reserved.

Page 6 of 28



Page 7 of 28

Journal of Texture Studies

2.3.Tactile threshold

In contrast to other sensory attributes (e.g. taste, aroma and colour), there are no single and
specific receptors for texture because of its multiparameter nature (Szczesniak, 2002).

For this reason, the capability of an individual to discriminate textural features is difficult to
quantify. In this work, a combination of two different approaches was used: tactile sensitivity
threshold and gel strength discrimination.

2.3.1." Tactile sensitivity threshold

Tactile sensitivity was assessed using the Semmes-Weinstein Monofilament (SWM) test
(Figure 1d) (Wiggermann et al., 2012). This test has been traditionally used to measure
recovery of sensibility (Bell-Krotoski er al, 1993) and it has been used for tactile
discrimination by the present authors (Aktar ef al., 2015b, a).

It consists in a series of 20 flexible calibrated nylon monofilaments of equal length and
varying diameters (0.06-1.14 mm). The monofilament is pressed against the skin showing a
bowed deflection for 1 second, creating a pressure of between 0.045g mm™ to 447g mm™
(Meirte et al., 2015) with the amount of pressure applied being dependent on the
monofilament and not the examiner (Bell-Krotoski ez al., 1993).

This was measured at the dominant index finger tip and the front tip of the tongue.

Finger: In this study subjects were blindfolded and asked to rest their hand on the bench and
extend fingers in a relaxed manner. A Touch Sense™ monofilament was pressed
perpendicularly to the skin surface until the filament achieved a bowed deflection for
approximately 1.5 seconds and then removed. Monofilament which applied a force of 300 g
was used first as a demonstration of how the test is conducted. Formal tests started with a
monofilament of 10 g force and then continued with another monofilament in descending
sequential order.

Then, the subject was asked: Can you feel the monofilament? Participants were instructed to
answer “Yes/No”. The value of the last monofilament that was detected by the participant
was recorded as the touching threshold which is then taken as an indication of threshold
sensitivity.

Tongue: as in the finger tactile sensitivity, participants were asked: Can you feel the
monofilament? In this case, subjects were asked to elevate the hand when they could feel the
pressure exerted by the monofilament on the tongue surface to indicate as a positive answer.
The last monofilament which the participant was able to feel was then noted as the tongue
touch sensitivity. Between each test the fibre of the evaluators was cleaned using an
antibacterial wipe.

2.3.2. Gel stiffness

Gels.were made using carrageenan and locust bean gum (Vege-gel, Dr. Oetker), in eight
different concentrations (1.7, 1.9, 2.1, 2.3, 2.5, 2.7, 2.9, 3.1%). Gel was dissolved and stirred
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in water at 80 °C. When the powder was completely dissolved, it was transferred to a plastic
ice tray. All the samples were then refrigerated at 4 °C.

Gel firmness (or hardness) was measured using a compression test with a test speed of 2 mm
s and a trigger force of 3 g. Each test was conducted on five replicates of each formulation.
Samples were compressed up to 20% of the initial dimension, tests were conducted in 75
mm-diameter aluminium plate (P/75). The sample geometry had trapezium configuration
(1.8x1.5x1.5 cm). The elastic modulus was calculated as the coefficient of pressure (Pa i.e.
force per area) divided by the strain at 20%. Each test was conducted on five replicates of
each formulation. Figure 2 shows the elastic moduli for the different gel concentrations. The
eight different concentrations (1.7, 1.9, 2.1, 2.3, 2.5, 2.7, 2.9, 3.1 %) were chosen for gel
preparation that correspond to the following gel firmness: 26.9, 28.0, 29.9, 32.2, 35.1, 38.5,
42.5, 47.0 kPa. Tests were performed using the texture analyzer as described previously.

The discrimination test was applied in a pairwise comparison between each sample and the
reference sample (1.7%). Participants were asked to compress from left to right the two gels
with the index finger. Participants were asked the following: Is there any difference between
these samples? Why is it different? To determine a recognition or identification threshold,
that is, the level at which a stimulus can not only be detected but also be recognised. Tests
were conducted with increasing differential hardness between the samples and a decisive
response of perception was obtained.

When the participant was able to correctly detect the difference in firmness for two
consecutive pairs, the gel firmness difference between the first pair was taken as the
discriminating capability of the subject.

In order to evaluate the gel stiffness results statistically, we employ the Weber's fraction.
Here, the fraction (Al/I= k) describes the change in intensity to a physical stimulus in order to
be just perceivably different to a constant ratio, and is generally used as an index of how well
the sensory system detects changes (Lawless and Heyman 2010).

2.4.Eating capability score

Eating capability can be defined as the physical, physiological, and cognitive capabilities of
an individual in handling and consuming food. This work mainly focussed on the hand
tactile discrimination and tongue force capability of two different groups of participants.

To define a relative force capacity for every individual, a ratio was generated with the
denominator having the maximum value obtained for the test by the strongest participant, and
the numerator was the specific participant’s value obtained conducting the test. This provides
a relative measure for each individual. For texture discrimination the tactile sensitivity
threshold, i.e. the lowest perceived tactile measure was selected (or the most sensitive
participant) and was rated a reference score of 1, with all other measured values rated in ratio.

For the gel strength discrimination, the Weber’s fraction was utilised and similarly a relative
scale was defined, namely, the most sensitive participant was assigned a rating of 1 and a
rating of 0 for those participants that could not perceive any difference between any of the
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samples. For those participants that perceived intermediate values their associated Weber
fraction calculation was subtracted from 1 to assign a relative rating to the most sensitive
individual.

To date, to the authors’ knowledge there are no reference values for measurements of these
types of evaluations, therefore, we have adopted the above methodologies which have yielded
promising insights into this area of investigation. The authors hope that this investigation will
stimulate further studies in this important area in future research.

The maximum eating capability is defined as a 5-point score having each test measurement
contributing a maximum of 1-point (Eq.1).

Equation (1)

(R_H;)*'(ﬁ) (FFi) (GDi) (TPi) (TT;) (TCF;)

EC =
2 FF;) " \GDs) " \TP,

2

where, RH is the right hand gripping force (kg), LH is the left hand gripping force (kg), BF is
the biting force (kg), GD is the gel discrimination, and FF is finger force, TP is the tongue
pressure (KPa), TcT is the is the tactile tongue and TcF tactile finger threshold . Subscripts i
and S represent the individual score and strongest individual scoring the highest in that
particular test, respectively.

Participants were placed into categories relating to their eating capability. Participants with
eating capability less than 1 were placed in cluster 1; participants with eating capability equal
or greater than 1 and less than 2, were placed in cluster 2, and so on.

2.4. Data analysis

The mean values and standard deviations (SD) were calculated using Microsoft Office Excel
2010.- A two-factor ANOVA with an independent variable: age (two groups: young and
elderly) and gender (two groups: males and female) was applied to physical capabilities
(force and texture discrimination). ANOVA tests were conducted using SPSS (IBM SPSS
Statistics for Windows, Version 22.0. Armonk, NY: IBM Corp) with p=0.05 significance
level.

Texture discrimination capability was represented using probit regression analysis with the
median response as the threshold value referred to as the population threshold.

In evaluating the texture discrimination capability, that is, tactile sensitivity and gel-strength
determination of the survey participants, it is desirable to obtain quantitative response
measurements. However, in these cases, responses are binary responses with either ‘detect’
or ‘non-detect’ and are dependent upon the strength of the applied stimulus. For a particular
subject, under the controlled conditions of the experiment, there will be an intensity level
(threshold) below which, no response occurs and above which, a response is noted. The
individual detection thresholds will vary between participants and indeed within participants
on different occasions under the same test conditions due to uncontrolled internal or external
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variables. Given those variations in responses we may determine, at a specific magnitude of
intensity of the supplied stimulus, the proportion of the population whom successfully
detected the stimulus. The distribution of these proportions as measured on the natural scale
may be skewed but under a logarithmic transformation become approximately normal and
thus amenable to probit regression analysis (Finney, 1971; Meilgaard et al., 2006), as given
by equation (2)

1

1 ’I‘ — —r-u)

e 20° dx equation (2)

P=
o2

Here, x denotes the intensity of the logarithmic of the supplied stimulus, x the mean of the
distribution i.e. log mean stimulus intensity and o” the variance.

A natural consequence of this probit analysis enables the response data to be fitted to the
normal variate description and median stimuli to be determined. Stimuli which produce their
effects by equivalent methodologies often have equal variances of their log threshold values
for a sample population despite having different median estimates. In the present study, we
used median response as the threshold value referred to as the population threshold (Lawless
and Heymann, 1998). Based on this approach, the graphs of tactile sensitivity threshold and
gel discrimination threshold were plotted with probit data analysis, which is log-
normalisation regression analysis that shows the best fit and permits estimation of the median
value.

Pearson’s correlation of the measured parameters was analysed using XLSTAT software
(Microsoft, Mountain View, CA).

3. RESULTS and DISCUSSION

3.1. Muscle strength

Hand and finger force

Figure 3 presents the ratio of values of hand and finger grip force for each participant against
theirage.

Hand grip force results: In this test, the force is delivered by the whole hand since the
hydraulic dynamometer may be fully encompassed using the thumb as a buttress and the long
flexors and extensors may impart significant force. On average, participants over 65 years
were able to produce a force of 16.87+10.84 kg and participants below 65 years could
produce nearly double the force having hand compression, 30.26+7.35 kg.

This level of reduction of hand force with age is in agreement with previously published
findings (Frederiksen et al., 2006; Chen et al., 2014). Furthermore, this loss of strength with
ageing correlates with a loss of function since strength is an important component in
performing daily activities (Grabiner and Enoka, 1995)

10
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Hand force is also influenced by gender (Gentil and Tournier, 1998), with elderly women
having the lowest value (11.50+4.46 kg vs 26.071£4.00 kg in elderly men, 24.12+9.59 kg in
young women and 37.56+7.75 kg for young men).

Finger precision grip in terminal position: In this test, the sensor is held between the thumb
and index finger. The small muscles of the hands are involved (as well as the flexors
digitorum profundus and superficials, and pollicis longus), with the strength of contraction
being much less than that reported using the whole hand. For this reason, and in comparison
with the hand grip, the finger grip force is lower than the hand grip force for all subjects. The
weakest finger force grip was registered for elderly women (0.854+0.034 kg) followed by
elderly men (2.073+1.714 kg), young women (2.459+ 0.874 kg) and the strongest group, the
young men (3.859+1.3040 kg). The strongest individual value was reported by a young male
participant (6.35 kg). The finger precision grip has the highest tactile capacity of all of the
precision grips tested (i.e. the subterminal opposition as in the holding of a pen), and is most
easily disrupted in traumas or disease (e.g. arthritis) of the hand (Palastanga, 2012) as well as
integrity of sensorimotor system, absent in Parkinson’s disease or Huntington’s disease
(Hermsdorfer et al., 2003). The decrease in the muscle strength capability with the age can be
observed for the two age groups (Figure 3), being in accordance with previous studies that
reported a linear correlation between age and the hand force for healthy adults (Budziareck et
al., 2008). As shown in figure 3, although some subjects in the elderly group are capable of
exerting high hand force, nonetheless, a decrease in finger force capability is observed.

Tongue pressure

In figure 4 the maximum tongue pressure against age and gender are shown. The tongue
pressure decreased significantly with the age (p-value <0.05). In contrast, the correlation
between tongue pressure and gender was not statistically significant (p > 0.05).

The tongue pressure shows that participants over 65 years were capable of exerting less
tongue force in comparison with the younger age group. This is in agreement with the
findings of Ueda et al.(2004) whom also reported that a disorder of the tongue provoked
difficulties in eating and swallowing, and which is a frequent problem encountered in the
elderly population ((Palmer et al., 2000), (Zargaraan et al., 2013), making them more
susceptible to swallowing disorders.

As the results suggest, strength capabilities vary between individuals and decrease with age.
Previous authors reported that at adult age, skeletal muscle strength is relatively stable until
the age of 40 years, after which a decrease in muscle strength is observed (Deurenberg P.,
2009).

3.2.Texture discrimination capability
Tactile sensitivity threshold

Figure 5 illustrates the normal cumulative distribution fit for touch sensitivity thresholds
using Semmes-Weinstein Monofilament from 62 participants: 35 participants below 65 years
and 27 participants older than 65 years of age. Those participants not able to feel the 300g

11
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monofilament have not been included in the results because their tactile threshold cannot be
detected by Touch Sense™ monofilament.

These results are in agreement with previous research (Decorps et al., 2014) where the effect
of ageing on tactile transduction process was also studied. In their work, the authors
explained how with age, a combination of several changes in tactile detection, nerves
transmission and skin changes contribute to the reduction of tactile sensitivity.

Finger sensitivity. In figure 5a results reveal that a young population (< 65 years) had lower
finger touch threshold (0.039 g for the 50™ % of the population) in comparison with the
population > 65 years which had the highest finger touch threshold (0.147 g for the 50" % of
population).

Tongue sensitivity. Figure 5b shows the tongue threshold sensitivity for both populations. In
agreement with the finger sensitivity threshold, young participants had lower thresholds
(mean= 0.022 g), in comparison with people over 65 years (mean= 0.065 g).

It is well reported in literature that the fingers and tongue have different tactile sensitivities.
In figure 5a) and b) a comparison between the thresholds may be noted, with the tongue
exhibiting a higher sensitivity. Strassburg et al. (Strassburg et al., 2009) cited that the oral
mucosa (at tongue) and glabrous skin (at finger) contain the same neurological “equipment”,
except for the absence of the Pacinian corpuscles in the oral mucosa. Strassburg et al
evaluated finger-palm and tongue-palate compressions having different discrimination
thresholds for discs and with differences in thickness and diameter of the sensors used. They
postulated that a finger-palm system displayed sensitivity as accurate as the tongue-palate
system. In the present study, we have used filaments to exert pressure at different surfaces
and not in two positions simultaneously as in the finger-palm or tongue-palate system which
may lead the differences noted between the results obtained.

Without sufficient tactile capability, individuals have a predisposition to mechanical, thermal
or chemical injury (Birke et al., 2000). The present authors also postulate that high tactile
threshold is another factor that reduces eating performance. Although experimental data is
needed, a lower sensation at the fingers can result in a reduced accuracy in hand movements,
in the same way, lower sensation in the mouth can be associated with a reduced ability by the
tongue for food manipulation and discrimination and, consequently a reduced enjoyment of
food. This is partially due to the need to accurately sense food mechanical properties in order
to masticate and swallow safely (Engelen et al. 2005).

In none of the measurements described differences in gender were found (data not shown).
Threshold of gel discrimination

For this test, the results of the 70 participants (36 older, 34 young) have been analysed and
are presented in figure 6. In this pair-comparison test, individuals had the opportunity to exert
compressions in the different gels presented. These results reveal that, in comparison with
elderly participants, young participants had better discrimination skills; they were able to
discriminate between small differences in gel strength.

12
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Gel strength discrimination implies a precise regulation of grip forces. To exert the force with
the index finger, an individual has to anticipate the physical properties of the gel. Participants
were asked firstly to compress and secondly to break the gels. Researchers observed that
most of the elderly participants were not able to perform these two tasks separately, with gels
being broken without previous compression. This is clear evidence that the elderly lacking
finger coordination and control of force application.

3.3. Influence of age and gender in the measured capabilities

In this work we have assessed how age and gender influence different force, capabilities of
the hand, finger and tongue. All results are summarized in table 1a.

It can be observed how both gender and age influence recorded forces. To investigate the
association two-way ANOVA was performed including the texture discrimination threshold.
In table 1b it can be observed that both gender and age have a significant effect on hand force
(right and left) and finger force, with gender having a greater influence in the hand forces
than age group. However, for other forces measured, age has more influence. For the tongue
force, gender has no significant influence, in contrast with age. The same age effect was
observed by the gel discrimination threshold and for the touching force tongue threshold; as
age has a strong effect whilst gender seems not to have any influence. Touching force finger
threshold did not show any significant effect in relation to gender and age group, probably
due to the high variability among the participants.

3.4. Relation between measured parameters

In the present work, the association between the measured parameters was investigated as
shown in table 2. Age, as has been discussed, is correlated with all the parameters measured.
Hand grip, finger grip and tongue force were correlated negatively with age (-0.671,-0.684,
and -0.746 respectively). Tongue and gel discrimination threshold were correlated positively
(0.351 and 0.679 respectively). In other words, with age a decrease in muscular force and
sensitivity is observed. The causative reason is probably due to the ageing process which may
cause significant changes to hand morphology and function through commonly experienced
skeletal diseases such as osteoarthritis, theumatoid arthritis, and osteoporosis, as well as
hormonal changes, and degenerative disease of the central nervous system such as
Parkinson’s disease (Carmeli et al., 2003)

Many authors have reported that in the elderly population the hand grip strength is a predictor
of overall muscular strength (Chen et al., 2014), health (Norman et al, 2011) and is
consistently associated, among other things, with a greater probability of premature mortality
(2007).

In the present study, hand force showed a positive correlation with finger force (0.779) and
tongue pressure (0.619). To the author’s knowledge, there are no previous studies which have
investigated this relation with regards to the eating process. Gentil and Tournier (1998)
studied the fine control of forces in articulatory organs (tongue, lips) and fingers, finding
differences in the precision of movement execution. In the present study we believe that in
the absence of sensory motor illness, hand force could provide predictive information about

13
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the tongue force capability during food oral consumption. Although finger grip force is
highly correlated with hand grip force, finger grip is associated with highly skilled motor
performance (Hermsdorfer et al., 2003) and not with the overall muscular strength as in the
hand grip force, providing more information on the tactile ability of the individual. As such,
individuals with low hand grip force and low finger grip force will also be the most likely to
exhibit the weakest and the least coordinated performance.

Finger tactile sensitivity was not correlated significantly (p>0.05) with any of the other
measures. Also, there is a negative correlation between hand force/finger force and firmness
sensation (-0.503).

Butler et al (Butler ef al., 2011) hypothesized that tongue strength may be correlated with
hand grip strength using similar devices and techniques as used in this study. Unlike the
tongue pressure measurement at the central location, the authors measured the tongue force in
two different locations inside the oral cavity, namely, the anterior and posterior regions, and
noting that only the posterior tongue strength was significantly associated with handgrip
strength. In the present study, due to the size and shape of the bulb used, only the tongue
pressure was measured in one area of the palate, finding significant positive correlation
between hand force and tongue pressure (0.533).

3.4. Eating capability and age

In figure 7 the relation between age and eating capability score has been plotted. As it can be
observed there are two discernible clusters corresponding to the population over 65 years old
and under 65 years old. However, although there is a significant (p<0.05) trend between age
and eating capability, it can be seen the high variability in both populations.

In summary of the population, 4 groups of eating capability were formed and are shown in
table 3. The strongest and weakest participants, eating capability groups are 5 and 1
respectively, which may be easily differentiated by age. Also, these two extreme groups were
considerably different in terms of their force capability and texture discrimination.

4. Conclusions

In this work measurements of physiological capabilities associated with eating (hand, finger
and tongue force and touch sensitivity) have been conducted for two different groups, young
adults (< 65 years) and elderly adults (> 65 years). It has been shown how age correlates with
the muscular capability actions, revealing less strength (at hand and tongue) and less
coordination to exert certain specific movements (finger grip force). According to the results
presented, the most vulnerable group is elderly women. Other parameters related to the eating
process have also been measured such as touch sensitivity and gel strength discrimination.
These results suggest that having old age can be correlated with a decline in touch sensory
abilities and that further this is not specific to gender. These facts suggest a reduction in hand
strength and coordination and in the manipulation of food and food packaging, and a loss of
food enjoyment as a consequence of lack of texture perception.

14
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Additionally, although it is recognised more substantial research is needed with larger
samples, our results provide further support to the hypothesis that the eating capability
concept and its measurable parameters are reliable indicators for assessing individual feeding
abilities and thus offer an additional and valuable diagnostic method to assess vulnerable and
senior age-grouped individuals. In future work, we aim to consider larger and diverse
samples, for example, participants of the same age but with physiological differences such as
different dental condition, different saliva excretion, etc. Also, the authors would like to study
the dietary patterns (frequency of different consistency food) of individuals to assess if
eating capability can help us to understand consumption behaviour, food choices and
preferences.
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Table 1. Age and gender influence on the measured parameters

la. Mean of all the forces measured by age and gender

Number of Age Hand Hand force finger force Tongue
participants(n)  (years) force (left)(kg) (dominant hand) pressure
(right) (kg) (kPa)
(kg)
young Women 9 28.79" 24.12°  22.19° 2.46° 56.59°
(6.06) (8.58) (9.40) (0.86) (8.97)
Men 16 28.88" 37.56°  36.03° 4.05¢ 54.24°
(8.85) (7.75) (7.58) (1.12) (14.36)
elderly Women 24 82.42° 11.50° 12.15° 0.84° 27.58*
(8.37) (4.46) (10.00) (0.33) (13.28)
Men 14 74.79° 26.07°  23.02° 2.31° 34.58°
(7.58) (9.59) (8.80) (1.91) (14.56)

Values in parenthesis are standard deviations. Means in the same column with the same letter do not differ significantly (p>0.05) according

to Tukey’s test.

1b. F.and p-value (at 0.05) of two-way ANOVA independent variable: age (two groups: young and elderly) and

gender (two groups: males and female).

Dependent Variable

Gender Age group Gender * Age group
Dependent Variable F-ratio p-value | F-ratio p-value | F-ratio p-value
Hand force (right) 61.073 0.0001 | 45.285 0.0001 0.099 0.754
Hand force (left) 32.033 0.0001]27.896 0.0001 0.463 0.499
Finger force 34.325 0.0001 | 41.436 0.0001 0.047 0.829
Tongue force 0.574  0.451(63.060 0.0001 2331 0.131
Gel discrimination threshold 0.026  0.873133.184 0.0001 0.001 0.981
Touching force finger threshold | 1.612  0.209| 1.741 0.191 1.610 0.209
Touching force tongue threshold | 0.857  0.358 | 18.432 0.0001 0.874 0.353
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Table 2. Correlation matrix (Pearson) with the measured parameters and age and its correspondent p value

Correlation matrix (Pearson):

Page 20 of 28

Variables Age Right hand Finger Gel Touching force Touching Tongue

force force discrimination finger force tongue pressure
threshold threshold threshold

Age 1 -0.671 -0.684 0.679 0.128 0.351 -0.746

Right hand force 1 0.779 -0.503 0.007 -0.311 0.619

Finger force 1 -0.549 -0.139 -0.251 0.486

Gel 1 0.241 0.379 -0.482

discrimination

threshold

Touching force 1 -0.021 0.065

finger threshold

Touching force 1 -0.368

tongue threshold

Tongue pressure

Values'in bold are different from 0 with a significance level alpha=0.05

p-values:

Variables Age Right hand Finger Gel Touching force Touching Tongue
force force discrimination finger force tongue pressure

threshold threshold threshold

Age 0 0.001 0.001 0.001 0.327 0.006 0.001

Right hand force 0 <0.0001 <0.0001 0.955 0.015 <0.0001

Finger force 0 <0.0001 0.285 0.051 <0.0001

Gel 0 0.062 0.003 <0.0001

discrimination

threshold

Touching force 0 0.872 0.620

finger threshold

Touching force 0 0.003

tongue threshold

Tongue pressure 0

Values in bold are different from 0 with a significance level alpha=0.05
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Table 3. Group segregation in function of eating capability described by individual objective capabilities

Eating
capability
(group)

1.00

4.00

Number of
participants

22

25

16

age

86.20"
(10.26)

79.23°
(13.57)

42.92°
(22.44)

41.50°
(20.42)

24.60°
4.72)

Hand
force
(right)
(kg)
9.47°
(4.00)

12.34°
(5.28)

23.68°
(5.57)

34.69°
(6.30)

46.83¢
(6.37)

Hand
force
(left)
(kg)
4.30°
(5.27)

12.20°
(4.86)

21.27°
(6.19)

36.18¢
(6.81)

42.26¢
(4.27)

Finger
force
(kg)

0.73"
(0.20)

0.89°
(0.50)

2.29°
(1.02)

3.88°
(1.36)

435
(1.38)

Gel
discrimination
threshold

222.60°
(83.63)

144.05°
9(6.03)

66.08"
(75.44)

38.00%
(24.16)

35.40°
(23.45)

Touching
force finger
threshold

1.76°
(1.27)

13.77°
(63.93)

0.08°
(0.11)

0.05°
(0.04)

0.01°
(0.00)

Touching
force
tongue
threshold
2.15°
(1.82)

0.31°
(0.58)

0.74®
(1.39)

0.27°
(1.00)

0.01°
0.01)

Tongue
force

(kg)

18.13°
(7.68)

29.21°
(14.33)

47.81°
(14.38)

52.83°
(10.59)

63.12°
(15.52)

Means in the same column with the same letter do not differ significantly (p>0.05) according to Tukey's test.
Values in parentheses are standard deviation.
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Figure 1. Devices used for the different test carried out a) device used to measure the hand grip force
(JAMAR dynamometer), b) device to measure finger grip force (multimeter and flexisensor), c) devices to
measure the tongue pressure Iowa Oral Performance Instrument, d) kit used to measure the tactile
sensitivity Semmes-Weinstein Monofilament (SWM), e) example of the pairwise comparison to determine
the gel discrimination threshold
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