
Analysis of Masticatory Cycle Efficiency in Complete
Denture Wearers
Marcelo Coelho Goiato, DDS, MS, PhD, Alı́cio Rosalino Garcia, DDS, MS, PhD,

Daniela Micheline dos Santos, DDS, MS, PhD, & Paulo Renato Junqueira Zuim, DDS, MS, PhD

Department of Dental Materials and Prosthodontics, UNESP, São Paulo State University, Araçatuba, Brazil
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Abstract
Purpose: This study assessed masticatory efficiency and duration of the masticatory
cycle in 14 asymptomatic patients with severe bone resorption. All patients had worn
complete dentures for over 10 years. Recall visits were scheduled at 5 months and 1
year after receiving new dentures.
Materials and Methods: Fourteen patients were evaluated in this study. The Research
Diagnostic Criteria questionnaire and tests of the efficiency and duration of the mas-
ticatory cycle were performed with artificial food before, 5 months after, and 1 year
after new dentures were delivered. Masticatory efficiency was assessed using a sieve
system; artificial food was ground for 35 masticatory cycles and monitored by the
operator.
Results: Masticatory efficiency at 5 months was significantly improved for the 0.42-
mm mesh. An improvement in masticatory efficiency and a reduction in mastication
time were observed with the new dentures after 1 year.
Conclusion: The results of this study indicated that 5 months did not allow enough time
to demonstrate improved muscular capacity and ability after receiving new dentures.
After 1 year, the duration of the masticatory cycle was reduced, and masticatory
efficiency was significantly improved.

Atrophy of denture-supporting tissues, poor adaptation, re-
duced masticatory efficiency, and psychosocial embarrassment
are major complaints of edentulous patients wearing conven-
tional dentures.1 Such problems, even with the best possible
prosthodontic care, have often been insurmountable with con-
ventional denture techniques.2 In addition, the complex neuro-
muscular skills required to overcome the limitations of dentures
diminish with aging.2-5 Although there has been an increase in
rehabilitation with osseointegrated implants,6,7 treatment with
conventional complete dentures still remains the most common
treatment for edentulous patients.1,8

The loss of natural teeth leads to bone resorption, temporo-
mandibular dysfunction,8 and muscular hypotonicity, which
may affect structures involved in mastication.9 Furthermore,
treatment success depends not only on management or prepa-
ration of the patient, but also on the clinical quality of the
dentures.10-14

Food is generally eaten in mouthfuls, and the processing of a
mouthful has been reported to involve a mastication sequence
of 10 to 40 chewing cycles.15,16 Some studies have reported
findings in which subjects were generally represented by a
point regarding age and number of cycles required to chew and
swallow the model food with both natural dentition17-20 and

dentures.4,18-25 Some researchers have reported that edentulous
individuals, when provided with optimal complete dentures,
presented with masticatory efficiency lower than in those with
natural teeth, with fixed prostheses on natural teeth, or with
osseointegrated oral implants.18,26

The aim of this study was to assess efficiency and duration of
masticatory cycles in patients wearing dentures for 10 years in
comparison to the evaluations performed 5 months and 1 year
following fabrication and insertion of new dentures.

Material and methods
Fourteen edentulous patients wearing maxillary and mandibular
complete dentures for over 10 years were selected based on
health history and clinical evaluations. All patients presented
with reduced occlusal vertical dimension (OVD) with complete
dentures showing worn teeth, alterations of anatomical occlusal
form, and reduction in cuspal heights. Eight women, with a
mean age of 74 years and six men, with a mean age of 71 years,
were selected for the study. All patients presented with severe
bone resorption in accordance with Ortman et al27 particularly
in the mandibular arch. Individuals presenting with diabetes,
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cardiovascular or articular alterations, hypertension, cancer, or
history of temporomandibular disorders (TMD) were excluded
from the study according to exclusionary criteria.

All patients were asymptomatic and presented no signs or
symptoms of TMD, as defined by the Dworkin and Leresche
Research Diagnostic Criteria (RDC) questionnaire.28 The ques-
tionnaires were administered by two examiners before the new
dentures were inserted and again 5 and 12 months after denture
insertion. Two examiners, calibrated according to RDC/TMD
standards, performed the clinical evaluations in accordance
with RDC/TMD standards.

The subjects with their old dentures were defined as the
control group. Data from the control group were compared to
the post-treatment data, which allowed within-subject compar-
isons. The selected subjects were informed about the treatment
and signed an informed consent form in accordance with the
recommendations of the Human Research Ethics Committee.

Clinical evaluations revealed the following conditions: se-
vere decrease in lower face height yielding poor facial esthet-
ics, inadequate fit of complete dentures, worn denture teeth,
clinically perceptible deficiency in OVD, acquired protrusive
maxillomandibular relationships secondary to resorption, or an-
gular cheilitis.29 The deficiencies in the preoperative OVD were
corrected by adding increments of acrylic resin to the occlusal
surfaces30 of the teeth in the old mandibular dentures. The new
complete dentures were made according to the procedure rec-
ommended by Zarb et al.31

The technique for denture fabrication consisted of prelimi-
nary impressions using stock trays and condensation silicone
impression material (Zetaplus, Zhermack, Rovigo, Italy). The
preliminary casts were fabricated to make custom trays for
definitive impressions. Border molding was performed with
heavy body condensation silicone (Zetalabor, Zhermack), and
the definitive impressions were made with rubber base im-
pression material (Pasta Lysanda Zincoenólica, Lysanda, São
Paulo, Brazil) syringed around the borders of the trays until
the trays were completely covered. The definitive impressions
were poured with dental stone type IV (Durone, Dentsply, Rio
de Janeiro, Brazil) to obtain the master casts.

The maxillary cast of each patient was mounted in a semiad-
justable articulator (Whip Mix Corporation, Louisville, KY)
using a face bow. OVD was established using the physio-
logical rest positions associated with phonetic and esthetic
techniques.31

Centric relation was established according to dynamic
records based on physiological movements of the jaws, in-
cluding opening, closing, and lateral movements performed
by the patient.31 These records were performed to position
the mandibular casts on the articulators. Artificial teeth were
selected, and bilateral balanced occlusion was obtained. The
dentures were waxed, processed, finished, and polished for in-
sertion and follow-up.31 The new dentures showed improved
facial esthetics, adequate fit, correct maxillomandibular rela-
tionships, and anatomical teeth with cusp inclination of 20◦.

Mastication tests were performed using artificial food in ac-
cordance with Optocal ATF.32 The food was fragmented as rec-
ommended by Slagter et al.33 Each patient received an aliquot
of artificial food fragments weighing a total of 3 g. The food
was chewed for 35 cycles15 and monitored by an examiner.

The patients were instructed to chew the artificial food with
slight movements and not to swallow the food. The number of
cycles was determined to be close to the moment of natural
swallowing.15 The cycles were monitored by an examiner and
timed in seconds by a digital watch (Ikea, Hong Kong). Patients
were allowed to select the chewing side. After mastication, the
chewed particles were expelled into a set of four sieves. The
prostheses were washed with water, and patients were asked
to rinse the oral cavity to eliminate any remaining particles,
expelling them into the same receptacles. At the end of the test,
intraoral inspection was performed to certify that no residual
food fragments remained in the oral cavity.

The particles contained in the sieve were washed with water
and dried in an autoclave at 50◦C for 1 hour. After drying, the
sieve system was put into a vibrator for 60 seconds, and the food
particles were separated according to granulometric meshes
with openings of 2.0, 1.08, 0.42, and 0.20 mm, sequenced in
decreasing order of size. Each mesh was weighed separately
on an analytical balance (BEL Equipamentos Analı́tico, São
Paulo, Brazil) with a precision of 0.001 g.34,35

The masticatory efficiency analysis was performed three
times for each patient: (1) with the original denture, (2)
5 months following treatment, and (3) 1 year following treat-
ment. Statistical analysis was performed by comparison of
variance tests to compare masticatory cycles and efficiency,
followed by the normal data distribution test, ANOVA, and
Tukey’s student range (HSD) (p < 0.05).

Results
Denture replacement reduced the amount of artificial food re-
tained in the 2.0-mm sieve at 5 months and 1 year after insertion
of the new dentures. Food weight in the other sieve granula-
tions (1.08, 0.42, and 0.20 mm) increased at 5 months, with
further increase at 1 year (Table 1). With the original dentures,
9.93% of the material passed through the 2.0-mm sieve. With
the new dentures, 14.2% passed through the 2.0-mm sieve at
5 months, and 21.4% passed through the 2.0-mm sieve at 1 year
(Table 2). Five months postinsertion, masticatory efficiency was
significantly improved for the small particles (0.42-mm mesh)
(Table 1).

One patient reported difficulty in adapting to the new
mandibular denture at the 5-month recall visit, without fur-
ther improvement 1-year postinsertion. The time required to
perform 35 masticatory cycles was significantly reduced only
after 1 year with the new dentures (30.5 seconds), (Table 3);
however, the mean amount of food that passed through the 2.0-
mm sieve during masticatory cycles was statistically significant
for all periods of evaluation.

Discussion
In this study, there was no statistically significant improve-
ment in masticatory efficiency and duration of masticatory cy-
cles 5 months after denture replacement (Tables 1–3). Other
authors have affirmed that patients with new dentures in-
creased masticatory efficiency,18,19,21,26 even with poor muscu-
lar adaptation and reduced electrical activity in the masticatory
muscles.1,8
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Table 1 Mean weight (g) and standard deviation (SD) of chewed artificial food retained in graduated sieve meshes before, after 5 months, and after

1 year of wearing new dentures (N = 14)

After 5 months with After 1 year with
Period/mesh Old dentures (SD) new dentures (SD) new dentures (SD)

2.00 mm 2.7008 ± 0.1633 A,a 2.5741 ± 0.1521 A,ab 2.358 ± 0.134 A,b
1.08 mm 0.1351 ± 0.0650 B,a 0.1822 ± 0.0601 B,a 0.234 ± 0.083 B,b
0.42 mm 0.0932 ± 0.0531 BC,a 0.1465 ± 0.0484 B,b 0.211 ± 0.067 B,c
0.20 mm 0.0700 ± 0.0557 C,a 0.0830 ± 0.0512 C,a 0.197 ± 0.00412 B,b

Different uppercase letters indicate statistically significant difference (5%) in rows (groups).
Different lowercase letters indicate statistically significant difference (5%) in columns (reading).

This small increase may be related to reestablishment of
OVD1 and presence of cusps;6,22 however, this increase was
not statistically significant—perhaps due to lack of muscular
capacity and ability,22 as well as the complex neuromuscular
skills required to overcome the limitations of dentures.1 These
characteristics make occlusal adjustment of dentures difficult,
perhaps permitting premature occlusal contacts that may desta-
bilize the dentures and complicate mastication;3 however, all
but one of the patients presented significant improvement in
masticatory efficiency following 1 year of treatment. This in-
creased masticatory efficiency may have developed from mus-
cular adaptation,2,5,9 establishment of bilateral balanced oc-
clusion,18,19,21,26 presence of teeth with cusps,6,22 and reestab-
lishment of OVD and occlusal surfaces.1 The new dentures
with correctly positioned cusps facilitated intercuspation and
perhaps required a lower amount of force to chew the food.26

This could lead to greater chewing of food and a better quality
diet.15,16 The mean time to perform the 35 mastication cycles
decreased with longer periods of new denture wear. These re-
sults are in agreement with those of Bakke et al,10 Wilding,11

Julien et al,12 Christensen and Mohamed,13 and Honma et al.14

An additional possible explanation for improved masticatory

Table 2 Percentage means of ground artificial food passing through a

2.0-mm sieve before, after 5 months, and after 1 year of wearing new

dentures

With After 5 months After 1 year
original with new with new

Period-granulation dentures dentures dentures

First-2.0 mm 9.93% 14.20% 21.4%

Table 3 Mean time (seconds) and standard deviation (SD) of chewing

cycles before, after 5 months, and after 1 year of wearing new dentures

(N = 14)

Cycles/period Time (SD)

Old denture 36.5 ± (0.52) A
After 5 months with new dentures 34.5 ± (0.45) A
After 1 year with new dentures 30.5 ± (0.40) B

Different letters indicate statistically significant difference (5%) in
columns (reading).

efficiency may be explained by enhanced bilateral balanced
occlusion obtained with the new dentures.

In the present study, the reduction in the number of cy-
cles occurred mainly at the end of mastication. The reduction
of cycles in this specific chewing period may have occurred
due to a greater capacity of patients to chew food in the be-
ginning of chewing4,17,20,23-25 associated with adaptation to
new dentures,2,5,9 establishment of bilateral balanced occlu-
sion,18,19,21,26 and/or presence of teeth with cusps.6,22

Significant improvement in masticatory efficiency has been
reported to occur after 5 months with implant overdentures.7

Geertman et al7 speculated that this occurred due to improved
adaptation and muscular capacity. The number of chewing
strokes needed to pulverize the material was reduced more
than with conventional dentures;7 however, in this study, 5
months was not enough time to observe increased efficiency or
change the number of masticatory cycles with the new complete
dentures (Table 3).

Nevertheless, positive outcomes occurred in the majority of
the patients, possibly due to reestablishment of the artificial
tooth cusps with anatomic teeth and conventional balanced oc-
clusion.18,19,21,26 Further studies should clarify the association
among masticatory efficiency and alterations in anatomical oc-
clusal form.

Conclusion
In this study, patients experienced improved masticatory effi-
ciency after 1 year with their new dentures. There were also
significant decreases in particle size and number of masticatory
cycles required to chew the test foods with the new complete
dentures as compared to the original dentures. These results
suggest that 5 months was not a long enough time to evaluate
patient adaptation and functional capacity with new complete
dentures.
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