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The effect of mastication on occlusal parameters 
in healthy volunteers
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ABSTRACT

Purpose: To assess possible associations between occlusal  parameters and comminution of solid food during chewing in a 
group of completely dentate subjects.
Materials and methods: Twenty-five completely dentate volunteers (28 teeth, 14 functional dental units) aged 24-50 yrs, 
without any complaints of the stomatognathic system participated in this study.   
An Optosil test was used to estimate masticatory efficiency for 20 and 80 cycles of chewing.  An occlusal analysis, using the 
T-Scan II System, was performed to assess the following occlusal parameters: the distribution of occlusal contacts, the time of 
occlusion, the chewing platform area before chewing and after 20 and 80 cycles of chewing.
Results: The parameters, that were taken into account: i. X50 for 20 and 80 cycles of chewing, ii. the occlusion time, iii. the 
occlusal contact area. The occlusion time decreased after 20 and 80 chewing cycles (mean TO0=0.28±0.07 vs TO20=0.21±0.05 s vs 
TO80=0.18±0.05 s, respectively). The mean value of the chewing platform area was 125.12±46.5 mm2. 
Conclusion: Prolongation of chewing produces, shortening of the occlusion time while the chewing platform area remains at 
the same level independent of the number of chewing cycles.
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INTRODUCTION 

The aim of mastication is to comminute food and to increase 
the surface area of the food being exposed to digestive 
juices [1].  Factors associated with masticatory efficiency  
include bite force, occlusal contact area, body size, severity 
of malocclusion, tactile sensitivity, oral motor function 
and  loss of postcanine teeth [2-9]. The critical issue of 
the functional connection in the masticatory system is the 
influence of occlusal conditions on masticatory function. 
The above associations relate to the configuration of occlusal 
surface and the number of tooth contacts. Published studies 
demonstrate a significant relationship between occlusal force 
and masticatory performance [1,10].  Both in healthy subjects 
and in patients undergoing prosthetic treatment, significant 
associations between occlusal forces and facial morphology 
have been found [11]. However, there is limited information 
in the literature regarding the effects of the chewing process 
on occlusion. 

The purpose of this study was to assess the changes of 
the occlusal parameters during chewing of solid test food 
in completely dentate adult subjects. We hypothesized that 
the occlusal contact area and the time of occlusion, which 
represents the duration from the first tooth contact to the 
maximum intercuspation were independent of the duration of 
the masticatory process. 

MATERIALS AND METHODS 

The study was performed on a group of 25 completely dentate 
(28 teeth, 14 dental functional units), healthy volunteers, 
whose occlusion has never been rehabilitated, with I Angle 
class of occlusion and group function of lateral guidance 
(contact on several teeth in lateral excursive and protrusive 
mandibular movements). The study participants were 16 
women and  9 men aged 31.6 ± 9.6 yrs (mean ± SD). They 
did not report any diseases; no major health problems were 
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found, based on their medical records. Subjects were selected 
during dental examination, which included a comprehensive 
dental assessment. Subjects with acute or chronic myofacial 
pain dysfunction syndrome as well as those treated with 
antidepressants and any agents known to affect muscle tonus 
were excluded from the study. 

All subjects gave written informed consent for their 
participation, and the protocol was approved by the University’s 
Institutional Review Board.

A computer-based assessment of occlusal conditions in 
centric relation was carried out on the participants using T-Scan 
II equipment (Tekscan, Inc., Boston, MA, USA). Subsequently, 
portions of test material (each containing 17 Optosil cubes of 
the standardized dimension of 5.6 mm) were administered to 
participants who were asked to perform 20 cycles of chewing. 
After completing this stage of the examination (i.e. removal of 
masticated material and oral cavity rinsed), occlusal conditions 
were recorded. Next, 80 masticatory cycles with a new portion 
of Optosil (the same size) were performed by participants. The 
occlusal conditions were then re-evaluated immediately after 
the removal of the used material, followed by a mouth rinse.   

Assessment of masticatory efficiency with the Optosil 
test
The masticatory efficiency was measured using the Optosil 
test for 20 (short chewing) and 80 (long chewing) cycles of 
mastication. Chewed test food after drying was sieved through 
a stack of 10 sieves with the aperture between 5.5 and 0.5 mm. 
The distribution of particle sizes by weight of the comminuted 
test food was described according to a Rosin-Rammler 
equation [12,13]. 

Q
w
(x)=1-2- (X/X50)b

Qw(X): - the weight percentage of particles with a size smaller 
than X.
X (mm): - aperture of sieve.
X50 (mm): – aperture of theoretical sieve through which 50% 
of the particles by weight can pass.
b: – a variable indicating the broadness of the distribution 
(0<b<∞)

Assessment of occlusal parameters with T-Scan 
analysis
The T-Scan was used to estimate the quantification of occlusal 
contact data. The system consisted of a sensor and a support, 
the handle assembly, the processing unit, software and a built 
in printer.  When the patient pressed firmly on the sensor, the 
subsequent reduction in electric resistance was translated into 
an image on the screen [14-18]. This allowed an operator 
to record occlusal parameters: the occlusion time, defined 
as the time from the first contact of teeth to the maximal 
intercuspation, and the occlusal contact area. 

Statistical analysis
The data were reported as means and  standard deviations. 
Kolmogorov–Smirnov`s one-sample test for testing the 
distribution of the variables for normality was used.  Student’s 
test  and the U-Mann-Whitney test were used to establish a 
relationship between parameters according to their distribution.  
Statistical package Statistica 6.0 ( StatSoft Inc. Tulsa, USA) 
was used for statistical calculations. The differences with 
P<0.05 were considered statistically significant.

RESULTS 

Based on the examination, the following parameters were 
taken into account: i. X50 for 20 and 80 cycles of chewing by 
means of an aperture of a theoretical sieve through which half 
of the weight could pass as the expression of food comminution 
ability ii. the occlusion time, defined as the time from the first 
contact of teeth to maximal intercuspation, iii. the occlusal 
contact area which  was calculated by multiplication of the 
number of tooth contact recorded by the T-Scan sensor by the 
size of a single pixel (1.6 mm2) reflecting occlusal conditions.

The parameters were analyzed in relation to the gender 
and age of the participants. A negative correlation was found 
between occlusion time and the volunteers’ age. There 
was no gender-related difference in the time of occlusion 
associated with chewing.  The time of occlusion after chewing 
depended on initial occlusion time.  This result was confirmed 
independently on a number of chewing strokes (Tab. 1).  The 
time of occlusion decreased significantly with an increase in 
the number of chewing cycles. The longer the chewing lasted, 
the shorter was the occlusion time.  Such an association was not 
observed in the size of the chewing platform area.  Mastication 
parameters were not associated with the quality of occlusal 
surface.  However,  X50 values were significantly different,  
higher in men compared to women (p<0.05) regardless of 
the number of chewing strokes. This difference did not refer 
to the remaining examined features while those values were 
similar in men and in women.  Men showed a tendency to a 
greater chewing platform area size in comparison with women 
(Tab. 2).  

DISCUSSION 

The studied subjects were recruited by selecting people whose 
occlusion had never been rehabilitated. This was performed in 
order to exclude any potential disturbances in occlusion. 

Recently, objective masticatory function tests have been 
introduced offering a possibility of a quantitative assessment 
of masticatory efficiency by measuring the comminution of 
food particles. The latter process is a final result of mastication 
for a given number of strokes.   These tests are claimed to be 
independent of other mastication components that are usually 
poorly controlled [7,19,20,21].  
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To assess the masticatory efficiency, we chose the test 
based on chewing artificial food - silicon-rubber mass 
(Optosil).  This method allowed us a quantitative assessment 
of artificial food particle comminution as a function of the 
number of chewing strokes using a standardised sieving 

method. Evidence exists that the ability of food comminution 
is greater in men compared to women.  Similar results are 
reported by other researchers [22].  However, the influence 
of the size of chewing platform area on masticatory efficiency 
was not confirmed, though differences in the movement of the 

Age X 5020 X5080 TO/0 P/0 TO/20 P/20 TO/80

X 5020
R=0.1203
P=0.5

X5080
R=0.1876
P=0.369

R=0.8363
P<0.001

TO/0
R=-0.361
P=0.076

R=-0.074
P=0.725

R=-0.129
P=0.539

P/0
R=0.1863
P=0.373

R=0.0485
P=0.818

R=0.0868
P=0.68

R=0.12
P=0.568

TO/20
R=-0.5489
P<0.05

R=-0.0093
P=0.965

R=-0.066
P=0.754

R=0.5997
P<0.05

R=0.1353
P=0.519

P/20
R=0.1692
P=0.419

R=0.0689
P=0.744

R=0.0971
P=0.644

R=0.1544
P=0.461

R=0.9942
P=0.000

R=0.1901
P=0.363

TO/80
R=-0.5889
P<0.05

R=0.1389
P=0.5808

R=-0.0134
P=0.949

R=0.5389
P<0.05

R=-0.0471
P=0.823

R=0.8690
P<0.001

R=-0.0096
P=0.964

P/80
R=0.1643
P=0.443

R=0.0661
P=0.254

R=0.0929
P=0.659

R=0.1296
P=0.537

R=0.9969
P<0.001

R=0.1620
P=0.429

R=0.9926
P<0.001

R=-0.0100
P=0.962

P/0, P/20, P/80 - chewing platform area - number of pixels multiplied  by 1.6 mm2 ( the size of pixel) before occlusal registration, after 20 
chewing strokes, after 80 strokes of chewing (mm2)
X50 - the aperture of a theoretical sieve (mm) through which half of the weight  could pass (Optosil test) after 20 strokes of chewing and after 
80 cycles of chewing  (mm)
TO/0, TO/20, TO/80 - occlusion time – the time (s) from the first tooth contact to intercuspal position ( T-Scan II analysis) before chewing, 
after cycles and after 80 strokes of chewing (s)
R - coefficient of correlation 

Table 1. Correlations between occlusion time and masticatory parameters in 25 healthy adult subjects.

P - chewing platform area - number of pixels multiplied  by 1.6 mm2 ( the size of pixel)  (mm2)
X50 - the aperture of a theoretical sieve (mm) through which half of the weight  could pass (Optosil test) (mm) 
TO - occlusion time – the time (s) from the first tooth contact to intercuspal position ( T-Scan II analysis) (s)
0, 20, 80 – number of chewing cycles

Table 2. Mean values (± SD) for parameters of chewing and occlusion in studied female and male subjects.

Total n=25 Female n=16 Male n=9 P=

Age 31.6± 9.6 32.2±10.5 30.67±8.38 0.71

X 5020
5.0387±0.3462 5.1426±0.2755 4.8539±0.3965 0.04

X5080
3.5893±1.1389 3.9707±0.9572 2.9112±1.1684 0.02

TO/0
0.2759±0.0689 0.2768±0.0724 0.2743±0.0665 0.93

P/0
125.12±46.5 113,19±39.08 146.33±53.22 0.08

TO/20
0.2129±0.051 0.2116±0.05411 0.2152±0.0482 0.86

P/20
124.16±47.45 112.44±38.57 145±56.58 0.10

TO/80
0.1805±0.0519 0.1859±0.0553 0.1710±0.0468 0.50

P/80
123.96±46.59 113±39.92 143.44±53.44 0.11
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jaw may have a greater influence on chewing efficiency than 
the occlusal contact area [6]. 

The T-Scan system proved to be a reliable method for 
the analysis and evaluation of occlusal contact distribution in 
maximum intercuspation (14,15). The use of the method in our 
research appeared appropriate. The possibility of determining 
the occlusion and disclusion times allowed us to evaluate the 
role of jaw movements in food comminution. Although the 
small sample size of this study limits inferences that could be 
made, our finding suggests that the time of occlusion decreases 
due to prolonged mastication.    

The chewing process remains under the control of the 
central pattern generator located in the brain stem but is also 
influenced by dental and temporomandibular joint (TMJ) 
morphology.  The most important portion of the chewing 
cycle is the area entering and leaving the intercuspal position 
where gliding contacts occur [5].  The changes in the threshold 
of occlusal perception after intense chewing may reflect the 
influence of receptors other than periodontal, for example 
those in TMJ and muscles, which are involved in the control 
of the postural position of the mandible [23].   Humans chew 
hard coherent food so that the mandibular teeth coming into 
contact with food open to a height equivalent to that of the 
food bolus. The changes in movement of the other parts of the 
mandible are minimized, ensuring efficient mastication [24].  

CONCLUSION 

Prolongation of chewing is associated with the shortening of 
the occlusion time, whereas the chewing platform area remains 
constant irrespective of the number of chewing cycles.  
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