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Abstract

Purpose: The aim of this cross-sectional study was to investigate the relationship
between body fat and masticatory function.

Materials and Methods: One hundred dentate and partially edentulous participants
(33 male; mean age, 39.7 + 16.6 years) were selected. Body fat was established
through body mass index (BMI). Masticatory function was evaluated by quantifying
occlusal pairs and determining masticatory efficiency and swallowing threshold with
the sieving method. During the swallowing threshold test, chewing rate was registered.
Masticatory ability was also evaluated with a 5-point Likert scale questionnaire. Data
were analyzed with Spearman and chi-square tests, as well as binary logistic regression
analysis for the presence of increased BMI (o = 0.05).

Results: Age (tho = 0.517), occlusal pairs (chi-square = 26.353), masticatory effi-
ciency (chi-square = 30.935), masticatory ability (chi-square = 25.132; p < 0.001),
and swallowing threshold (chi-square = 8.730; p < 0.005) were related to BMI. Age
(odds ratio, OR = 1.048, 95% CI = 1.008 to 1.089) and lower masticatory efficiency
(OR =4.792,95% CI = 1.419 to 16.183) were predictive of increased body fat (p <
0.05). Gender (chi-square = 0.402, p = 0.526) and chewing rate (tho = -0.158, p =
0.117) were not related to BMI.

Conclusions: These results suggest that people with lower masticatory efficiency may

be at risk for increased body fat.

The prevalence of increased body fat and associated comor-
bidities, such as type 2 diabetes, cardiovascular disease, and
certain cancers, is quickly increasing and represents a major
threat to public health worldwide, even in Latin America.' Be-
sides the influence of genetically predetermined metabolic and
endocrine factors,” increased body fat results from a long-term
positive energy balance in which the energy intake from food
is larger than the energy expenditure.’

Food intake can be influenced by food texture, which in-
volves a sensory perception response to physical stimuli result-
ing from contact among teeth, oral soft tissue, and food during
mastication.* The importance of texture in the acceptability of
food varies widely depending on its consistency.’ People with
a compromised dental status may avoid hard-to-chew foods
and instead choose processed foods, favoring the absorption
of cholesterol and saturated fatty acids,® or may prefer simple
carbohydrate-rich diets that are high in calories but low in di-
etary fiber, vitamins, and protein, thus leading to weight gain.’
In addition, they may increase cooking times to soften foods, de-
grading essential nutrients and decreasing their bioavailability.®

A decreased number of teeth and conventional denture wear-
ing have been associated with inadequate dietary habits,? as
well as altered anthropometric measures, inappropriate blood
nutrient concentration,’ and increased body mass index (BMI)
in the elderly.!® In adults, the intake of nonstarch polysaccha-
rides from whole meal breads, cereals, vegetables, and fruits
was higher in dentate than complete denture wearers.!! In one
study, participants with fewer than 28 teeth had a lower intake
of carrots, tossed salads, and dietary fiber, and lower serum
levels of beta carotene, folate, and vitamin C than dentate
participants.'> Although other environmental factors could
contribute to variations in body fat, BMI is associated with
number of teeth, even when socioeconomic, dietary, psycho-
logical, lifestyle, and comorbidity factors are considered.'3'4
Moreover, morbidly obese dentate patients scheduled for
bariatric surgery showed higher masticatory time and number
of masticatory cycles before swallowing, and lower masticatory
performance than nonobese controls.'> However, disregarding
the occlusal factors but including the control of gender, pres-
ence of binge-eating disorder, motivation (food deprivation and
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preferences), and size and shape of the ingested food, no under-
lying disturbance in obese patients was suggested in the control
of eating behavior exerted by the physical properties of food.'6

Therefore, to determine the influence of masticatory func-
tion on body fat, occlusal and comminution factors should be
simultaneously assessed in patients of different ages; however,
few reports exist on this topic, probably because these factors
are time-consuming to assess and require specific laboratory
equipment.” Because the static comminution capacity can be
overestimated when counting only the number of teeth, the
occlusal factor should be evaluated through the number of oc-
clusal pairs or antagonist teeth, which involve the real number
of functional teeth.!” The comminution factor should be eval-
uated through masticatory efficiency and swallowing threshold
measurements, which characterize the dynamic comminution
capacity of patients.'>!8 During the evaluation of swallowing
threshold, the chewing rate can also be measured, and its vari-
ation may indicate a compensatory mechanism for impaired
masticatory function.!® Furthermore, people do not necessarily
adjust their dietary intake behavior because of poor occlusal
state or comminution capacity because their preferences also
depend on their feelings about certain foods, which is defined
as masticatory ability.>!8

Thus, the purpose of this study was to verify the relationship
between body fat and the simultaneously assessed number of
occlusal pairs, masticatory efficiency, swallowing threshold,
chewing rate, and masticatory ability.

Materials and methods

A convenience sample of 100 participants (33 male, mean
age 39.7 £ 16.6 years) was selected from among patients
of Cayetano Heredia University Dental Clinic, San Martin de
Porres. This suburban district is located on the periphery of
Lima on the Peruvian Pacific coast. Patients were considered
for inclusion if they presented good general health, complete or
partial dentition, or had received oral rehabilitation with con-
ventional fixed partial dentures. Exclusion criteria included the
presence of systemic diseases, pregnancy, diet regime, use of
medications affecting metabolism and/or appetite, xerostomy,
orofacial or dental pain, moderate or severe periodontal disease,
and rehabilitation with implant-supported or conventional re-
movable dentures. The ethnicity and regional characteristics
(mestizo Spanish/South American Native) were homogeneous
and typical of this community. The research was conducted ac-
cording to the Caytano Heredia University Dental Clinic, San
Martin de Porres ethics committee, and written consent was
obtained from all participants.

Body mass index

To determine body fat, patients were weighed on a scale
arm bascule (Adam Equipment Co., Milton Keynes, UK) to
the nearest 0.1 kg and measured with a stadiometer (Adam
Equipment Co.) to the nearest 0.1 cm. Patients were evaluated
with both feet together, without shoes, and with the Frank-
fort plane parallel to the ground. BMI values were calculated
by dividing weight (kg) by the square of the height (m?).!”
According to the World Health Organization, the BMI cut-off
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to determine normal and increased BMI categories was estab-
lished at 25.0 kg/m? (http://apps.who.int/bmi/index.jsp). Par-
ticipants with increased BMI in this study included those who
were overweight or mildly obese.

Number of occlusal pairs

The number of occlusal pairs was determined clinically by
counting antagonist teeth in occlusion. Doubts about contact
were clarified by visual inspection of master casts made of
type III dental stone and related in maximum intercuspal po-
sition using a nonarcon semi-adjustable articulator. Patients
were categorized into three groups according to their number of
occlusal pairs: (1) 0 to 4, (2) 5t0 9, or (3) 10 to 14.

Masticatory efficiency

Patients chewed artificial test food processed using silicone
rubber (Optosil Plus®, Heraeus Kulzer, Hanau, Germany). The
material was manipulated according to the manufacturer’s in-
structions and prepared in molds to form cylinders (20 mm
diameter, 5 mm high, with a weight of approximately 2.5 g).!°
Cylinders were stored for up to 5 days at room temperature.
Each patient received a portion of two cylinders weighing ap-
proximately 5 g, and they were instructed to chew in their ha-
bitual way. After 20 chewing cycles counted by the examiner,
the particles were expectorated into a beaker, and the mouth
was rinsed with 200 ml of water, which was expectorated into
the same container.!” Comminuted particles were rinsed with
200 ml of water and dried in an oven (Odontobras EL-1.1,
Ribeirdo Preto, Brazil) at 80°C for 25 minutes. Dried particles
were placed into sieves with openings of 2.8 mm and 1.4 mm
and vibrated for 120 seconds. The test material retained in
each sieve was collected and weighed on an analytical balance
reading to 0.1 g (8027-200, Soehnle, Oberboihingen, Baden-
Waurttemberg, Germany). The equation ME = 100 [1 — (X +
Y)/(2T — X)] was used to determine masticatory efficiency
(ME), where X and Y are the weight of the retained particles
in the first and second sieves, respectively, and T is the total
weight of the particles after mastication.!” Because the results
were relative to the nature of the test food and ME calculus,
Lepley et al’® employed a median value for the entire sample
as a mathematical artifice to divide poorer from better masti-
cators. Then, if the percentage of masticatory efficiency was >
or < 9.1%, each patient was categorized as a better or poorer
performer, respectively.

Swallowing threshold and chewing rate

The swallowing threshold was determined by having partic-
ipants chew another two test food cylinders. When patients
had an imminent sensation of swallowing, they were told to
expectorate the particles into a beaker, rinse their mouth with
200 ml of water, and expectorate this water into the same
container. Comminuted particles were processed as described
for the masticatory efficiency test. The swallowing threshold
was defined as the weight percentage of particles that could
pass through a 1.4 mm sieve.!” For each participant, if the
swallowing threshold was > or < 9.5% (median value for the
entire sample), then the participant was defined as a better
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Table 1 Frequency of categorical and continuous variables according to BMI conditions (n = 100)

Normal BMI (n = 44) Increased BMI (n = 56) Statistical
Categorical variables n % n % Chi-square value p Value
Gender 0.402 0.526
Female 28 63.6 39 69.6
Male 16 36.4 17 30.4
Occlusal status
0 to 4 occlusal pairs 5 1.4 20 35.7 26.353 <0.001
5 to 9 occlusal pairs 7 15.9 24 42.9
10 to 14 occlusal pairs 32 72.7 12 21.4°
Masticatory performance 30.935 <0.001
<9.1%—poorer 10 22.7 44 78.6
>9.1%—better 34 77.3 12 21.4°
Swallowing threshold 8.730 0.003
<9.5%—poorer 16 36.4 37 66.1
>9.5%—better 28 63.6 19 33.9°
Continuous variables Mean SD Mean SD Rho value p Value
Age 29.6 15.1 47.7 13.1 0.517 <0.001
Number of masticatory cycles 49.2 23.3 74.7 51.6 0.358 <0.001
Masticatory time 37.0 20.2 58.0 41.9 0.358 <0.001
Chewing rate 83.5 15.5 79.7 14.9 —0.158 0.117

*Significant difference compared to other categories.

or poorer performer, respectively. The number of masticatory
cycles necessary and the masticatory time until imminent
swallowing were recorded,' and the chewing rate was defined
as the number of masticatory cycles performed per minute. '8

Masticatory ability

Patients completed a stage-type 1 to 5 point Likert question-
naire (very poor, poor, acceptable, good, very good) regarding
their masticatory ability.® On this questionnaire, the patient sub-
jectively rated how difficult it was to crush food in general and
for certain foods. Masticatory ability was defined as the median
value of all scores for each question. For each patient, if the
masticatory ability was > or < 3.5 (median value for the entire
sample), then the patient was classified as a better or poorer
performer, respectively.

Statistical analysis

Data were explored using IBM® SPSS® Statistics 20 software
(IBM Corporation, Armonk, NY), and all statistical inferences
were performed with 2-tailed trials assuming a 5% significance
level. The frequency of patients in each category of variables
was determined for normal and increased BMI conditions. A
chi-square test was conducted to associate the categories of
gender, occlusal pairs, masticatory efficiency, and swallowing
threshold with BMI. To compare occlusal pair categories, the
chi-square test was adjusted for all pairwise comparisons within
a row of each innermost sub-table by using the Bonferroni
correction. Numerical variables (age, number of masticatory
cycles, masticatory time, and chewing rate) were related to
BMI by applying the Spearman correlation test (rho). Binary

logistic regression analysis was used to evaluate the influence
of variables on the presence of increased BMI. Initially, the
Enter method was applied to analyze all variables in a block
entered in a single step. Backward stepwise selection was then
performed based on the probability of the Wald statistic. At each
step, the least significant variable was removed from the model
until all the remaining variables had a statistically significant
contribution to the model.

Results

Patient characteristics and masticatory function data are pre-
sented in Table 1. Association was found between BMI and
number of occlusal pairs. In this case, the proportion of pa-
tients with increased BMI was higher when they presented <10
occlusal pairs (p < 0.05). Masticatory efficiency and swallow-
ing threshold were also associated with BMI. A greater pro-
portion of patients with increased BMI had masticatory effi-
ciency <9.1% and swallowing threshold < 9.5%.

Correlations (p < 0.001) were also found between BMI and
age, number of masticatory cycles, and masticatory time. For
each BMI condition, the proportion of patients in each gender
and chewing rate values were similar (Table 1).

Frequencies of masticatory ability scores are shown in
Table 2. The proportion of patients presenting increased BMI
and masticatory ability <3.5 was higher, showing association.

Binary logistic regression analysis using the Enter method
showed that any variable influenced (p > 0.05) the BMI
condition (Table 3); however, after performing the Backward
stepwise method, only masticatory efficiency and age could
predict (p < 0.05) the presence of increased BMI (Table 4).
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Table 2 Frequencies of masticatory ability scores according to BMI
values (n = 100)

Normal BMI (n = 44) Increased BMI (n = 56)

12 3 4 5 1 2 3 4 5

General 3 6 5 22 8 9 18 23 4 2

Specific foods

Fresh cheese 0 1 6 12 25 2 3 10 38 3
Cooked fish 0 4 6 8 26 3 4 15 33 1
Steak 7 2 11 20 4 18 19 15 4 0
Sausages 0 5 4 19 16 3 2 13 36 2
Boiled beans o 0 9 13 22 3 1 8 42 2
Fresh apples 6 4 4 18 12 15 15 20 3 3
Bananas 0 1 6 11 26 2 1 5 46 2
Pastas 02 6 15 21 2 1 15 35 3
French bread 4 2 4 20 14 9 9 25 12 1
Cooked chicken 1 5 5 17 16 7 9 28 11 1
Raw vegetables 5 4 6 17 12 13 19 17 5 2
<3.5—poorer 10 (19.6%) 41 (80.4%)

>3.5—better 34 (69.4%) 15 (30.6%)"

*Chi square = 25.132.
p < 0.001.

Patients with a masticatory efficiency <9.1% presented a risk
of increased BMI. In addition, increased age was a weak but
significant risk factor to increased BMI. This model showed
specificity (capacity to classify participants in the normal
BMI category) of 75.0% and sensibility (ability to recognize
participants with increased BMI) of 85.7%, presenting an
overall correct classification rate of 81.0%.

Discussion

This study was an attempt to determine whether increased BMI
is related to masticatory function. The proportion of partici-
pants presenting BMI >25 kg/m? was higher for participants
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presenting 5 to 9 and O to 4 occlusal pairs. These results are
consistent with Forslund et al,’* who found that BMI is an
independent predictor of the number of teeth in middle-aged
women, even when socioeconomic, dietary, and psychological
factors are considered. Our results are also in agreement with
Ostberg et al,’* who determined an association between tooth
loss and obesity in adults aged 30 to 60 years, independent of
age, gender, and differences in socioeconomics, lifestyle, and
comorbidity. Moreover, comparisons between our results and
those from studies on older populations’-'? showed the number
of teeth was also associated with BMI variation.

As previously mentioned, this relationship could be ex-
plained by the deprivation of an adequate and varied diet,%’
mainly for patients presenting a few and poorly distributed
teeth.! However, contrary to the present data, risk studies on
older populations found that patients with no posterior occlusal
pairs'® and 1 to 8 teeth?! were almost three times more prone to
be obese than lean. The absence of significant risk in our study
may be justified by the probable adaptive capacity of patients,
because tooth loss can be compensated through improvement
in handling bolus, which is regulated by the proprioceptive
information encoded from the tongue, lips, and cheeks.!®

The percentage of patients with increased BMI, poorer masti-
catory efficiency, and swallowing threshold was higher. Binary
logistic regression analysis showed that masticatory efficiency
could predict the presence of increased BMI. These data are
consistent with Tkebe et al,” who found that occlusal force and
masticatory performance rather than the number of teeth or type
of edentulism, may play an important role in maintaining a nor-
mal BMI in older subjects. Veyrune et al'> also determined that
participants with morbid obesity (BMI = 49.1 + 7.2) showed
a lower swallowing threshold for natural foods, such as car-
rots and peanuts, and a higher number of masticatory cycles
and masticatory time to swallow apples, sweet jelly, carrots,
and peanuts, as they were unable to adapt to the different food
textures. Seemingly, the association of comminuting capacity
with BMI can probably be explained through the difficultly
in crushing hard-textured fibrous foods.®” On the other hand,

Table 3 Logistic regression model for increased BMI by Enter method (n = 100)

Explanatory variables B SE p Value Odds ratio 95% confidence interval
Age’ 0.040 0.028 0.148 1.041 0.986-1.099
Gender 0.154 0.667 0.817 1.167 0.316-4.312
Occlusal status

10-14 occlusal pairs — — 0.794 1 —

5-9 occlusal pairs 0.363 0.990 0.714 1.438 0.207-10.006
0-4 occlusal pairs 0.568 0.846 0.502 1.764 0.336-9.269
<9.1%—poorer masticatory performance 1.453 0.987 0.141 4.277 0.618-29.584
<9.5%—poorer swallowing threshold —0.384 0.758 0.613 0.681 0.154-3.010
Number of masticatory strokes’ 0.027 0.040 0.494 1.027 0.951-1.110
Masticatory time" —0.032 0.050 0.525 0.969 0.879-1.068
Chewing rate’ -0.019 0.035 0.589 0.981 0.917-1.050
Poorer masticatory ability 0.093 0.856 0.914 1.097 0.205-5.879

Constant -0.922 3.138 0.769 0.398 —

*Continuous variable.
B = partial regression coefficient; SE = standard error.
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Table 4 Logistic regression model for increased BMI by Backward Wald
method (n = 100)

Explanatory Odds 95% confidence
variables B SE pValue ratio interval
<9.1%—lower  1.567 0.621 0.012 4792 1.419-16.183
masticatory
performance
Age* 0.047 0.020 0.017 1.048 1.008-1.089
Constant —2.386 0.680 <0.001 0.092 —

*Continuous variable.
B = partial regression coefficient; SE = standard error.

Frecka et al?? did not find differences in the swallowing thresh-

old of almonds between lean and obese (BMI = 34.3 + 0.6)
patients, and Murakami et al?* found no association between
dietary hardness and BMI variation.

Nevertheless, food intake regulation also involves various
central and peripheral mechanisms, where the cephalic phase
of digestion plays a fundamental role.* The cephalic phase is
comprised of a set of physiological, endocrine, and autonomous
responses of the digestive system derived from the stimulation
of the sensory systems in the oropharyngeal cavity.”* Then,
the influence of masticatory efficiency on BMI may also be a
result of muscular activity exerted during mastication, which
according to Sakata et al® is a potent input signal to activate
histamine neurons and improve the satiety mechanism at the
mesencephalic trigeminal sensory nucleus in rats. Not only
muscular effort, but also greater oral sensory exposure to food
by eating using small bite sizes and increased masticatory time
can reduce food intake in adults with normal BMIL?® Sensory
stimulation through a higher number of masticatory cycles may
also promote the release of enteroendocrine peptides (appetitive
hormones), such as insulin, ghrelin, cholecystokinin, peptide
YY, and glucagon-like peptide-1.%’

Although the number of masticatory cycles and time before
swallowing showed positive correlations with BMI, the chew-
ing rate was similar to participants with normal and increased
BMLI. This result agrees with Karl et al,?® who concluded that
the rate at which food is consumed (duration of meals and not
the chewing rate per se) by obese and lean participants does
not appear to alter satiety despite a small effect on some appet-
itive hormonal responses. Although this issue is inconclusive,
bariatric surgery candidates with severe obesity are advised to
control feeding behavior and to eat less food more slowly, !>
and oral rehabilitation is advised for patients with fewer than 7
to 8 occlusal pairs. '

With regard to masticatory ability, the fraction of participants
with increased BMI and poorer masticatory ability was higher
than for participants with better ability, indicating that partici-
pants with impaired masticatory function may impose certain
dietary restrictions upon themselves according to their mas-
ticatory ability.>® Although participants with increased BMI
presented more difficulty in chewing all foods, this difficulty
was more evident with hard foods, such as steak, raw vegeta-
bles, and fresh apples (Table 2). Meat is tough because it is
constructed from filaments of myosin and fibrous actin sup-
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ported on elastic fibers of titin, and organized in bundles. Fresh
fruits and raw vegetables are difficult to chew because they
contain an intracellular, semipermeable membrane that main-
tains a higher-than-atmospheric internal pressure from water
loading. During fractures, rapid crack propagation through the
cells occur, but the fracture rates are slower because the overall
structure is more viscoelastic.?

BMI is known to be independent of age and gender
(http://apps.who.int/bmi/index.jsp); however, in this study, age
was correlated to BMI values and was predictive of increased
BMI. This result could be explained by the fact that the oral
changes, which may alter the diet as mentioned above, are age-
related. The texture perception of food also changes with age in
that more foods are recognized as being hard to chew.** Com-
minution capacity is also decreased in older patients because
of the loss of functional postcanine teeth, lower occlusal force
and salivary flow, and higher number of masticatory cycles and
electromyography activity per sequence.’!

Reducing the incidence of increased body fat requires coordi-
nation among primary health care providers.? Because body fat
may be associated with masticatory function, it requires multi-
disciplinary management. Dentists with an elementary knowl-
edge of nutrition may be able to recognize patients who are
at risk of developing increased BMI. Educating dentists about
obesity and counseling may reduce barriers for those interested
in addressing obesity in their practices.’? Dentists may develop
models of intervention not only for bariatric surgery candidates
but also for potential obese patients with impaired mastica-
tory function. The public health benefits gained could perhaps
justify prosthodontic treatments not covered by social dental
insurance programs and health promotion strategies.

Further research is necessary to determine the relationship
between nutritional status and masticatory function at more
specific age stages, controlling for levels of physical activity.
Performing additional methods to investigate the psychological
and behavioral changes that lead people, regardless of their
educational level or socioeconomic status, to change their diet
because of poor masticatory function is also required.

Conclusion

Results from this study indicate that body fat is related to masti-
catory function; therefore, masticatory efficiency and age may
influence BMI.
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