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ABSTRACT

Purpose: to measure the total time of mastication and oral phase of swallowing in
healthy elderly people, considering different food consistency, the presence of natural
teeth, and the type of prosthetic oral rehabilitation, as well to compare dental conditions
and consistencies.

Methods: a cross-sectional study with 57 healthy elderly people, aged between
60 and 82 years, divided into: dentate group (D) (n=15); and rehabilitated groups;
PD: fixed or removable partial dentures in one or both arches (n=15); CRD: maxillary
and mandibular complete removable dentures (n=15); ISCD: complete dentures —
maxillary removable denture and mandibular implant-supported dentures (n=12). The
duration time (seconds) of chewing and of the oral phase of swallowing was measured
in the consistencies: solid (a roll slice), pudding (10 ml) and liquid (10 ml).

Results: healthy dentate elderly subjects hadthe followingintervals: liquid=1.07 +0.35s;
pudding=3.48+1.76 s; and solid=27.88+7.11 s. Statistically significant differences
were observed between the D and ISCD groups (p=0.0056) and between D and CRD
(p=0.0056) for liquid. For all groups, there was a statistically significant increase
between liquid and solid consistencies and between pasty and solid ones (p<0.001).

Conclusions: the dentate elderly had shorter oral phase time of swallowing for liquids
than the rehabilitated edentulous elderly, but not different from the elderly with partial
dentures. Chewing and swallowing time for solid food was longer than that for the
other consistencies, regardless of dental condition.
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INTRODUCTION

Aging goes along with physiological changes in
mastication, responsible for the functions of pulver-
izing the food into particles, mixing them with saliva
and forming a bolus for swallowing', and also in
the oral phase of swallowing, represented by the
ejection of food to the back of the oral cavity, aiming
at its passage towards the pharynx?, which negatively
affects the feeding process, favoring the occurrence
of oropharyngeal dysphagia®*. The reduction in the
number of teeth, common in the elderly, is correlated
to swallowing disorders* and changes in chewing
capacity®, generating a negative impact on their quality
of life®. In addition, totally edentulous elderly people
show better swallowing performance when fitted with
complete removable dentures (CRP) as compared to
their absence, since the use of CRP improves bolus
formation, decreases pharyngeal transit time and the
risk of laryngotracheal aspiration’.

Although divergent, the literature reports differences
in chewing and swallowing functions according to the
different types of oral rehabilitation used. Individuals
rehabilitated with CRP present more difficulties in
chewing, longer chewing time and number of chewing
cycles®. Replacing the CRP with implant-supported
denture (ISP) improves chewing capacity®, bite force'?,
ability to reduce food particle size, and distinguish
between different food consistencies. It also provides
reduced liquid intake during feeding, reduced choking
and coughing, and improved oral transit for swallowing
solids.

There are still few studies that evaluated the masti-
cation and/or swallowing time in the elderly®"1317,
the evaluation by means of instrumental tests and in
young and adult population® being more common. Out
of studies that investigated the time of the oral phase
of swallowing in dentate elderly without swallowing
complaints, the mean swallowing time of 1.8 seconds
for men and women, in the mean ingestion of 14 ml of
liquid'®, mean oral phase time of 17.6 + 8.3 seconds
during ingestion of thin and thickened liquid, pasty and
solid'® and longer oral transit time compared to young
individuals, during the ingestion of liquid'+'®, solid and
pasty?, were verified.

The chewing time and the number of chewing
cycles vary according to the type of prosthetic rehabili-
tation, 14.63 seconds being the chewing time for
individuals with complete denture during the ingestion
of apple, with 24.94 chewing cycles, while individuals
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with removable partial denture present 13.5 seconds
and 23.72 cycles®.

The clinical measurement of chewing time and
the oral phase of swallowing in healthy elderly aims
at contributing to the understanding of physiological
characteristics of aging, helping the interdisciplinary
work among professionals who do not have access to
instrumental tests resources.

This study aimed at measuring the total time of
chewing and the oral phase of swallowing in healthy
elderly subjects, taking into account different food
consistencies, the presence of natural teeth and
the type of prosthetic oral rehabilitation, as well as
comparing dental conditions and food consistencies.
It is hypothesized that food consistency will influence
the parameters studied and that the dentate elderly will
have chewing time and the oral phase of swallowing
similar to that of partially dentate groups rehabilitated
with partial denture, either fixed or removable, and the
elderly rehabilitated with upper complete removable
dentures and complete implant-supported dentures in
the lower arch.

METHODS

This is a cross-sectional study which is part of
a larger project approved by the Ethics Committee
on Human Research of Faculdade de Odontologia
de Bauru da Universidade de Sao Paulo, Brazil (No.
111/2006). It was carried out with the agreement of
the recruited cases, who signed the Informed Consent
Form.

The sample comprised 57 elderly subjects aged
between 60 and 82 years (median = 68.5 years),
divided into four groups according to the presence of
teeth or type of prosthetic rehabilitation received. One
group consisted of dentate elderly subjects (D), with
occlusal contacts at least up to the second premolar
(short arch), six men and nine women (n=15).

The PD group consisted of partial edentulous
individuals, eight women and seven men, who used
fixed partial dentures or removable partial dentures in
one or both arches (n=15); the CRD group consisted of
individuals rehabilitated with upper and lower complete
removable dentures, ten women and five men (n=15);
and the ISCD group consisted of eight women and four
men who used complete dentures, removable in the
upper arch and implant-supported fixed in the lower
arch (n=12).

For individuals with oral rehabilitation, the following
inclusion criteria were considered: satisfactory, stable



and adapted definitive denture with appropriate vertical
dimension of occlusion (VDO)?', with a minimum
wearing time of six months and maximum of ten years,
evaluated by a dentist. For all groups the following
criteria were adopted: good general health status;
adequate cognitive performance, as assessed by the
Mini-Mental State Examination Scale?, the average
score being 26 points.

Upon dental evaluation, the following exclusion
criteria were selected: dentofacial anomalies or
deformities, tooth mobility or loss of bone support,
exaggerated or premature occlusal contacts and/or
wear caused by parafunctional habits, history of neuro-
logical diseases, head and neck oncological ones,
psychological or psychiatric diseases; alcoholism;
long-time smoking; users of medications that could
cause xerostomia or impair swallowing, such as
antispasmodics, bronchodilators, antidepressants,
anticholinergics, antihistamines, and sedatives.

The measurement of the duration of chewing time
and of the oral phase of swallowing was performed
during the ingestion of liquid, pudding, and solid
food, and the consistency and volume offered were
standardized:

Liquid: 10 ml of filtered water, volume gauged by
using a 10 ml syringe and placed in a plastic cup;

Pudding: 10 ml of Clight® grape juice, volume
offered with a dessert spoon, the consistency being
obtained from 30 ml of filtered water added to 2 g
(1/5 of the sachet) of juice powder and thickened with
3 g of NUTILIS instant thickener (Support Produtos
Nutricionais Ltda., Rio de Janeiro, RJ, Brazil)™.

Solid: a slice with a thickness of 1 cm and diameter
of approximately 4 cm of a roll, made on the day and
period of the evaluation and always purchased at the
same commercial establishment.

The assessed elderly were instructed to put, at
different times, the liquid and pudding contents in their
mouth and swallow them only after verbal guidance
from the evaluator, while the solid food should be taken
to the mouth, chewing was performed in its various
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phases, followed by voluntary swallowing. For the
liquid and pudding consistencies, the measurement
occurred upon verbal guidance from the evaluator for
the subject to swallow, the chronometer being started
concomitantly to the beginning of swallowing.

The swallowing time was represented by the duration
of the propulsion of the bolus by the tongue before
swallowing until the beginning of the hyolaryngeal
complex elevation®, when the chronometer was turned
off, including, in this time interval, the measurement of
more than one swallow, if necessary for the purification
of the consistency offered. As for the solid consistency,
the stopwatch was started when the food was placed
in the oral cavity, incision of the food and subsequent
lip occlusion, until the swallowing act itself?*?5, based
on the moment when the laryngeal elevation occurred.

For data analysis the evaluation was recorded using
a Panasonic digital video camera (Palmcorder VJ98)
and later the time was measured using a stopwatch by
two speech therapists with training and experience in
the evaluation of swallowing and chewing, with 100%
agreement between them for the beginning and end of
the measurement. Analysis of Variance (ANOVA) was
used for comparisons between groups when normality
and homoscedasticity conditions were verified. When
these conditions were not met, the Kruskall Wallis
test was used, followed by Dunn’s test for individual
comparisons. A significance level of 5% was adopted.

RESULTS

The comparison of the swallowing times between the
individuals in the different groups showed a significant
difference between groups D and ISCD (p=0.0056)
and D and CRD (p=0.0056), for the liquid consistency
(Table 1). For the other consistencies, although most
of the values in group D were lower than the mean,
there was no significant difference between the groups
either in the soft consistency (p=0.3217), seen in Table
2, or in the solid consistency (p=0.3093), as shown in
Table 3.
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Table 1. Time of the oral phase of swallowing (seconds) of the liquid consistency for the groups studied

Groups Swallowing Oral Phase Time
Subjects D (n=15) PD (n=15) CRD (n=15) ISCD (n=12)
Mean 1.072 1.83a° 2.13° 2.08°
SD 0.35 1.07 1.72 0.98
Median 1.06 1.68 1.87 1.75
First Quartile 0.85 01.31 01.15 01.57
Last Quartile 01.97 04.65 07.94 04.45

(a) Distinct lower case letters indicate a statistically significant difference (p<5%) between groups, according to Kruskal Wallis and Dunn tests.
Captions: D = Dentate; PD = Partial Dentures (Fixed or Removable); CRD = Complete Removable Dentures; ISCD = Implant-Supported Complete Dentures.

Table 2. Time of the oral phase of swallowing (seconds) of the pudding consistency for the groups studied

Groups Swallowing Oral Phase Time
Subjects D (n=15) PD (n=15) CRD (n=15) ISCD (n=12)
Mean 3.482 4912 4262 5.562
SD 1.77 3.14 2.38 4.26
Median 3.03 4.32 3.34 3.82
First Quartile 2.29 3.27 2.53 2.62
Last Quartile 07.21 13.93 10.30 16.02

* () Distinct lower case letters indicate a statistically significant difference (p<5%) between groups, according to ANOVA test.
Captions: D = Dentate; PD = Partial Dentures (Fixed or Removable); CRD = Complete Removable Dentures; ISCD = Implant-Supported Complete Dentures

Table 3. Mastication time and oral phase of swallowing (seconds) of solid consistency for the groups studied

Groups Time of Chewing and the Oral Phase of Swallowing
Subjects D (n=15) PD (n=15) CRD (n=15) ISCD (n=12)
Mean 27.882 29.632 29.072 35.632
SD 07.11 10.86 12.34 13.87
Median 26.60 25.03 27.96 36.70
First Quartile 23.08 22.30 22.88 23.61
Last Quartile 41.36 46.95 55.08 60.49

* (a) Distinct lower case letters indicate a statistically significant difference (p<5%) between groups, according to ANOVA test.
Captions: D = Dentate; PD = Partial Dentures (Fixed or Removable); CRD = Complete Removable Dentures; ISCD = Implant-Supported Complete Dentures

In the comparisons of chewing and swallowing
time between each consistency for the same evaluated
group (Table 4), a statistically significant difference
(p<0.01) was observed for all groups (D, PD, CRD
and ISCD), when comparing the liquid and solid
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consistencies (p=0.0000) and for pasty and solid
(p=0.0000). However, no significant difference was
found for swallowing time between the liquid and pasty
consistencies.
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Table 4. Distribution of values related to mastication and swallowing time of liquid, pasty and solid consistencies for the groups studied

Food Swallowing time (seconds, milliseconds)
Group Liquid Pasty Solid
D (n=15)
Mean=DP 01.07+00.34? 3.48+01.762 27.88+07.11°
Median 01.06 03.03 26.60
First Quartile 00.85 02.29 23.08
Last Quartile 01.97 07.21 41.36
PD (n=15)
Mean=+DP 01.82+01.062 04.90+03.132 29.63+10.85°
Median 01.68 04.32 25.03
First Quartile 01.31 03.27 22.30
Last Quartile 4.65 13.93 46.95
CRD (n=15)
Mean=DP 02.12+01.722 04.25+02.382 29.06+12.33°
Median 01.87 03.34 27.96
First Quartile 01.15 02.53 22.88
Last Quartile 07.94 10.30 55.08
ISCD (n=12)
Mean+DP 02.07+00.972 05.55+04.25? 35.63+13.87°
Median 01.75 03.82 36.70
First Quartile 01.56 02.62 23.61
Last Quartile 04.45 16.02 60.49

Captions: D = Dentate; PD = Partial Dentures (Fixed or Removable); CRD = Complete Removable Dentures; ISCD = Implant-Supported Complete Dentures;

SD = standard deviation.

* (a) Distinct lower case letters indicate a statistically significant difference (p<0.01) between the groups, according to paired t-test..

Parametric statistics were calculated as well, by
applying the paired t-test to compare the results
obtained for each consistency within the same
evaluated group (intra-group), a significance level
of p<0.01 being accepted.

DISCUSSION

This study aimed at measuring the total mastication
time (from the perspective of this function as part of the
oropharyngeal swallowing process) and the oral phase
of swallowing among different food consistencies in
healthy dentate elderly subjects, and compare them
to elderly subjects with different oral rehabilitation.
Although age-related changes result in delayed onset
of swallowing?*?” and declining neuromuscular control,
there is, currently, little literature investigating aspects
of swallowing, such as the timing of the oral phase, in
dentate elderly who are considered healthy.

The hypothesis tested was that elderly dentate
patients would have a performance of mastication
time and oral phase of swallowing similar to that
of the groups with partially dentate elderly patients

rehabilitated with PDs and the elderly rehabilitated with
upper CRDs and lower complete implant-supported
dentures. The authors based their reasoning on the
existence of greater sensory input from the periodontal
mechanoreceptors of the remaining teeth (in the cases
of the CRD group), and on the performance similar
to that of dentate patients found in the ISCD group,
described in the literature.

However, in the present study, the hypothesis was
not entirely confirmed, with similar mean swallowing
times for the dentate elderly and the PD group,
these being lower than those of groups with totally
edentulous rehabilitated elderly. However, in the
pudding and solid consistencies, although there was a
trend towards lower time values in the dentate group,
there were similar performances in all groups, with no
significant differences generated by the different types
of prosthetic oral rehabilitation.

In the present study, a swallowing time of
01.07+0.35 seconds was found for the liquid consis-
tency, consisting with the findings of Yoshikawa, et al.
(2005)'* and Yoshikawa, et al. (2006)'®, who measured
the oral phase by means of videofluoroscopic analysis.
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The values found can be considered increased when
compared to the values of the study by Cassiani et al.
(2011)28, which assessed 30 healthy individuals, with
an age range between 29 and 77 years, the oral transit
time found for this population being 0.42+0.23 for
liquids and 0.41+0.28 for pasty.

The differences between different age groups may
be justified by the fact that the elderly population has
greater difficulty swallowing in the oral phase, even in
the elderly without complaints of dysphagia®, and there
is also a higher frequency of laryngeal penetration by
decreasing viscosity.

With regard to the influence of the oral condition, the
significant difference (p=0.0056) found for the mean
swallowing times between groups D and CRD and
between D and ISCD could be justified by the influence
of the absence of afferent information coming from
the periodontal mechanoreceptors®, as well as lower
sensory perception in the palate region (caused by the
dentures), generating less control of the oral phase
and impairing the action of the palate in anchoring
the tongue movement in the production of pressure to
generate swallowing®' in the liquid consistency of the
total edentulous elderly patients studied.

As shown in the study by Sato et al. (2013)%,
dentulous adults who used dentures showed a
worsening in the visual analog scale and in the bolus
formation indices on the first day after fitting, returning
to the usual pattern on the seventh day, but with a
greater number of chewing cycles to compensate for
a worse masticatory performance and to provide better
bolus formation for a comfortable swallow. However,
this study involved chewing and swallowing a solid
consistency (rice).

Regarding the pasty consistency, the oral phase
time was 3.48+1.76 seconds and for the solid,
27.88+7.11 seconds. The solid consistency presented
statistically higher values of chewing time and oral
phase when compared to liquid and pasty (p<0.001)
for all groups (D, PP, CRD and ISCD). No studies were
found in the literature involving the relationship of food
consistency with quantitative swallowing parameters in
healthy elderly considering the fully dentate condition.
The study by Newman et al. (2016)* found that
changes in the viscosity of the bolus lead to changes
in swallowing biomechanics, such as the increase
in oral and pharyngeal transit, lingual pressure,
hyoid displacement, time for closure of the laryngeal
vestibule, duration of upper esophageal sphincter
(UES) opening, and bolus velocity.
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To time the oropharyngeal deglutition time for the
solid consistency, the addition of the chewing time was
considered, since this function is an integral part of the
oral preparatory phase of deglutition®, obtaining the
mean value higher than that of liquid and pasty ones,
justifying the difference between the findings for the
different consistencies tested.

This result was similar to that of Melo et al. (2006)%,
who measured the time to chew bread in 40 adults and
found a value of 26.3s+8.8 seconds. Such findings
highlight the similarity of time intervals obtained in
the evaluation of swallowing for the solid consistency
when the preparatory oral phase of oropharyngeal
swallowing is considered. This may be justified by the
relationship with the greater sensory input generated
by the oral preparatory phase, involving greater masti-
cation control* and oral stereognosy®, generated by
the occlusal contacts of teeth with food, which result in
improved motor response of the oral and pharyngeal
swallowing phases. And also, regarding the different
oral conditions, although the use of ISCD can improve
several aspects related to masticatory efficiency®, no
relevant differences were found between the perfor-
mance of chewing and swallowing time between the
groups studied in the present study.

The data also leads to the questioning about the
influence of the inhibition of sensory stimulation,
generated by the dentures, which may also have
generated a worsening of the masticatory performance
and the formation of the bolus®®34, generating a longer
chewing time, thus, influencing the final swallowing
values.

In agreement with the findings of this study,
Cavalcanti and Bianchini (2008)* also found no
significant differences in the means of chewing times
and oral phase of swallowing for bread among adults
with complete or partial removable dentures (22.07 s)
as compared to dentate ones (19.06 s)?*. Lucena et al.
(2014)% found higher averages of chewing time for a
loaf of bread (25 @) in adults, considering the interval
between the incision of the food with the teeth until
the last swallow, times of 2 minutes and 15 seconds
being found for men, and 2 minutes and 36 seconds
for women.

These data show that research directed to the
senile population must take into account the influence
of sensory information coming from the teeth or their
absence,®%; from physiological aspects related to
aging, such as difficulties in controlling and swallowing
the bolus found in the oral phase®, as well as



dysfunctions in the pharyngeal phase such as reduced
degree of laryngeal elevation and delayed onset of
hyolaryngeal excursion®, and also the influence of
palate coverage with dentures® as variables that can
influence the results of studies involving the process of
mastication and oropharyngeal swallowing.

The advantages of this study are in the identifi-
cation of normality temporal values compatible with the
elderly population considered healthy, seeking greater
sensitivity and specificity of clinical tests, since not all
professionals can take advantage of instrumental tests.

CONCLUSION

For healthy dentate elderly subjects, the following
values of chewing and swallowing times were obtained:
1.07=0.35 seconds for 10 ml of liquid; 3.48+1.76
seconds for 10 ml of pasty, and 27.88+7.11 seconds
for solid, demonstrating longer intervals according to
the increasing consistency of the food.

Furthermore, dentulous elderly subjects had
shorter liquid swallowing times when compared to
totally edentulous subjects rehabilitated with complete
removable denture and elderly subjects with upper
complete removable denture and lower implant-
supported complete fixed denture. For all groups (D,
PP, CRD and ISCD) there was a statistically significant
difference when comparing liquid and solid consis-
tencies, as well as pasty and solid ones.
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