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Is the main goal of mastication achieved after
orthodontic treatment? A prospective longitudinal study
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Objective: To investigate the masticatory and swallowing performances in patients with malocclusions before and after
orthodontic treatment, comparing them to an age- and gender-matched control group with normal occlusion.

Methods: Twenty-three patients with malocclusions requiring orthodontic treatment were included in this prospective
study. One month after appliance removal, seventeen patients completed a follow-up examination and the data were
compared with those of a control group with thirty subjects with normal occlusion. Masticatory performance was deter-
mined by the median particle size for the Optocal Plus® test food after 15 chewing strokes, and three variables related to
swallowing were assessed: a) time and b) number of strokes needed to prepare the test-food for swallowing, and ¢) me-

dian particle size of the crushed particles at the moment of swallowing.

Results: At the baseline examination, the malocclusion group had a significantly lower masticatory performance and did
not reach the particle size reduction at the moment of swallowing, when compared with the control group. After treat-
ment, the masticatory performance significantly improved in the malocclusion group and the particle size reduction at

swallowing reached the same level as in the control group.
Conclusions: The present results showed that the correction of malocclusions with fixed appliances can objectively
provide positive effects in both mastication and deglutition processes, reinforcing that besides aesthetic reasons, there are

also functional indications for orthodontic treatment.
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INTRODUCTION

Currently, the aesthetic characteristics of maloc-
clusions are the main factor in determining orth-
odontic treatment demand.! Orthodontists are in-
creasing the attention to the patient’s limits of soft
tissue adaptation and soft tissue contours.”? However,
the achievement of an appropriate masticatory func-
tion at the end of orthodontic treatment is another
very important objective that cannot be overlooked.
In fact, the need for treating malocclusions in or-
der to achieve functional benefits is still a question
under debate. Some studies reported that although
the orthodontic and/or surgical correction of mal-
occlusions usually improves the self-estimated mas-
ticatory ability (the individual’s own assessment of
mastication), the masticatory performance (the ob-
jective measurement of mastication) is still impaired
in these patients compared to subjects with normal
occlusion.** On the other hand, some studies have
shown that orthodontic treatment is able to restore
the masticatory performance and also other variables
related to mastication, such as occlusal force and oc-
clusal contacts.>®

Most of the studies are cross-sectional, and few
reports have objectively compared the masticatory
function in the same patient between pre- and post-
treatment. Moreover, a wide-range search of the
literature was unable to find a prospective study in
which the swallowing function of orthodontics pa-
tients has been evaluated. The urge to swallow food
could be triggered by a threshold level in the food
particle size as well as by degree of lubrication of the
tfood bolus.” Usually, individuals with a significantly
impaired masticatory performance (eg. incomplete
dentition) try to compensate their deficiencies by
chewing longer, but this cannot prevent them from
swallowing larger food particles.® An acceptable par-
ticle size distribution of the food bolus before swal-
lowing is considered as a crucial criterion in the as-
sessment of normality of the masticatory function,
because a lack of reduction in ingested food particles

%193nd increase

11,12

can increase the gastric emptying rate
the susceptibility to some gastric diseases.

The present study was designed to investigate the
masticatory and swallowing performances in patients
before and after the orthodontic treatment, compar-
ing them to a control group with normal occlusion.
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MATERIAL AND METHODS

The orthodontic treatment group comprised twenty
three consecutive patients selected from private practice
offices after an initial screening examination. Seventeen
(9 men and 8 women, aged 24.2+6 years) patients com-
pleted the follow-up records after the treatment and the
following inclusion criteria were considered: an unevent-
tul medical history and good oral health; an approximate-
ly equal number of occlusal units (an occluding molar
pair 1s counted as two occlusal units, whereas a premolar
pair is counted as one occlusal unit)" with malocclusions
requiring orthodontic treatment. Ten individuals had
Class I malocclusions, five had Class II, and three had
Class II1. All patients were treated with full fixed appli-
ances (Roth prescription, slot 0.022-in) and all cases were
treated without extractions. The exclusion criteria were:
previous orthodontic treatment or symptoms of temporo-
mandibular joint dysfunction. Thirty volunteers aged
20+5 years with normal occlusion were selected from
the students of Faculty of Dentistry of Federal Univer-
sity of Rio Grande do Sul to comprise the control group.
The occlusion was considered normal if the following
criteria were met: Class I canine and molar relationships
with minor or no crowding, normal overjet and overbite
(1-3 mm) and normal transversal occlusion. The patients
and the control group were homogeneous with regard to
sex, age and facial type. The facial type was established
by radiographic (patients group) or photographic evalua-
tion (control group). Informed written consent was ob-
tained from all participants prior to their enrollment in
the study. The Ethics Committees of Federal University
of Rio Grande do Sul approved the protocol. Sample size
was determined based on clinically relevant masticatory

111 with a power of

performance data from the literature,
80% and a=0.05. Ultimately, twenty individuals were
deemed 1ideal for this prospective longitudinal study.
The research started with twenty three patients, but six
did not return to follow-up examination. All variables of
the study were registered before and after treatment in the
patients group, with the interval of approximately three
years between the two examinations, and the control
group was evaluated once.

The masticatory performance was evaluated by the
individual capacity of fragmentation of an artificial test-
food (Optocal).” Subjects were given 17 cubes (3.0 g)
and instructed to chew for 15 cycles, which were moni-
tored visually by a trained examiner and timed using a
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digital stopwatch. After the 15 strokes, the subjects spat
the particles into a plastic cup, rinsed their mouth with
water and spat the remaining mouth contents until all
particles were removed. The particles were washed and
dried for 24 h in a stove at 60°C. After that, they were
sieved through a stack of up to 10 sieves, with square
apertures decreasing from 5.6 to 0.5mm, for 5 min.
Median particle sizes (X50) were determined as previ-
ously described.'®The X50 is defined as the aperture of
a theoretical sieve through which 50% of the weight can
pass. Deterioration in masticatory performance will lead
to an increase in the X50.

The swallowing function was evaluated by three
different variables: a) time and b) number of strokes
needed to prepare the food for swallowing, and ¢) the
median particle size (X50) of the crushed particles that
were expectorated just before a subject felt the need to
swallow."” For this study, the participants received one
set of Optocal cubes and were instructed to chew until
they felt the urge to swallow. A trained examiner count-
ed the number of chewing cycles and registered the to-
tal time of the cycles (in seconds), which was measured
with a digital chronometer. When the patient reported
the urge to swallow, the test was stopped and the par-
ticipants were asked to spit the comminuted particles
into a plastic cup containing a 50 um paper filter. The
swallowing threshold particles were submitted to the
same fragment size analysis as was done for the masti-
catory performance test, aforementioned. Therefore, a
small X50 meant better masticatory performance and
swallowing threshold.

Shapiro-Wilks tests were used to verify data normal-
ity, and variables were not normally distributed. For in-
tra-group comparisons (before vs. after treatment), vari-
ables were analyzed by Wilcoxon test, and the Mann-
Whitney test was used for the intergroup comparisons.
The relationships between the median particle sizes
and the other masticatory or swallowing variables were
evaluated by Spearman rank correlation analysis. SPSS
software version 19.0 was used for all analyses, and the
significance level was set at p<0.05.

The X50 data of 10 subjects in the control group were
also analyzed with the Dahlberg formula EM = V3d?/2n
and paired f-tests after two analyses with a 7-day in-
terval. There was no statistical difference between the
evaluations (p>0.05), and the reproducibility error was

less than 10% for the X50 (0.5 mm).
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RESULTS

The results of masticatory variables registered dur-
ing the masticatory performance tests are shown in
Table 1. Before treatment, the median particle size af-
ter 15 chewing strokes (X50-15) was higher in the pa-
tients than in the control group (5.7 mm vs. 4.8 mm,
p<0.05). After treatment, the masticatory perfor-
mance had significantly improved in the patients
group and reached similar levels (5.1 mm) as in the
control group, as confirmed by the absence of signifi-
cant differences between groups. The total time spent
during mastication and the time of each masticatory
cycle did not change after treatment in the patients
group. The inter-group differences were also not sig-
nificant regarding these variables.

The data regarding swallowing variables are shown
in Table 2. The swallowing thresholds (time and num-
ber of strokes) for Optocal did not vary significantly
after treatment in the patients group. These variables
registered both before and after treatment were also
similar to those observed in the control group. How-
ever, the median particle size of the particles at the
moment of swallowing (X50-sw) was significantly
affected by the orthodontic treatment. Before treat-
ment, the X50-sw was higher in the patients than in
the control group (4.5mm vs. 3.0 mm, p<0.05). After
treatment, the X50-sw had significantly decreased in
the patients group and reached similar levels (3.4 mm)
as in the control group, indicating an improvement in
the swallowing threshold of patients.

Table 3
X50 of the particles at the moment of swallowing
(X50-sw), the X50 of the particles after 15 chewing
strokes (X50-15) and the other swallowing thresh-
olds. Significant positive correlations between the
X50 of swallowing (X50-sw) and the X50 after
15 strokes (X50-15) were observed in the control
group, and also in the patients group after treatment.

shows the correlations between the

In this group, these variables were not significantly
correlated before treatment. The X50 of swallow-
ing (X50-sw) were negatively correlated with the
other swallowing variables (number of strokes and
total time) in both the patients (before and after
treatment) and in the control group. Therefore, if
subjects used more strokes before swallowing, the
collected particles were smaller, indicating a better
swallowing threshold.
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Table 1 - Mean/standard deviation of the median particle size chewed for 15 cycles (X50, in mm), total chewing time and duration of each cycle during the
masticatory performance test before and after orthodontic treatment.

Variables Malocclusion group Malocclusion group Control group
Before treatment After treatment (normal occlusion)
Masticatory performance (X50-15) 577%/0,6 51°/0,9 4,8/11
Total chewing time (sec.) 10,9°/2,0 11,82/1,9 11,9/2,7
Duration of each chewing cycle (sec.) 0,72/01 0,8/0,2 0,8/0,2

Distinct letters indicate statistical difference between periods in the patients group (Wilcoxon test, p <0.05).
* indicates statistical differences in relation to the control group (Mann-Whitney test, p<0.05).

Table 2 - Mean/standard deviation of the median particle size (X50, inmm) before swallowing and swallowing thresholds (number of strokes and total time)
registered before and after orthodontic treatment.

Variables Malocclusion group Malocclusion group Control group
Before treatment After treatment (normal occlusion)
Median particle size (X50-sw) 4,57*/1,5 34°/0,7 3011
Total chewing time (sec.) 28,22/11,3 27,32/76 24,6/9,9
Number of chewing cycles (N) 39°/13 3812 35/15

Distinct letters indicate statistical difference between periods in the patients group (Wilcoxon test, p<0.05).
* indicates statistical differences in relation to the control group (Mann-Whitney test, p<0.05).

Table 3 - Spearman’s Correlation Coefficients (r) and p-value regarding the median particle size at the swallowing moment (X50-sw), the median particle size
after 15 masticatory cycles (X50-15) and the other swallowing variables in the malocclusion (before and after treatment) and control groups.

X50-masticatory Total time until Number of chewing cycles used
performance swallowing (sec.) before swallowing (N)
p 0.87 0.04 0.007
X50 (sw)
Patients r -0.03 -0.39* -0.50*
Before treatment P - 0.10 0.22
X50 (15)
r - 0.32 0.23
p 0.04 0.04 0.02
X50 (sw)
Patients r 0.55* -0.59* -0.63*
After treatment p = 0.62 0.10
X50 (15)
r - 0.09 0.32
p 0.02 0.007 0.006
X50 (sw)
r 040* -048* -0.58*
Control Group
p - 0.32 0.13
X50 (15)
r - 0.10 0.28
*p< 0.05 (Spearman'’s correlation).
DISCUSSION considering that patients normally overestimate their

There have been several reports on the functional ~ masticatory capacity when they are evaluated only by
benefits induced by orthodontic treatment in clinical ~ subjective methods. For example, many patients with

practice®? However, to the best of our knowledge, = compromised dentition or dentures report they pos-
the present study is the first to longitudinally examine  sess a good masticatory capacity, even when objective
the effects of orthodontic treatment on both mastica-  tests show values much lower than in subjects with a
tion and swallowing performances using only objec-  natural dentition.?! The present study shows that pa-

tive measures. These objective analyses are necessary  tients with malocclusions have a decreased mastica-

© 2017 Dental Press Journal of Orthodontics 75 Dental Press J Orthod. 2017 May-June;22(3):72-8



Is the main goal of mastication achieved after orthodontic treatment? A prospective longitudinal study

tory performance when compared to individuals with
normal occlusion. This impaired masticatory function
also reflects on the swallowing performance of these
patients, in which the particle size reduction at time
of swallowing was significantly poorer than for their
same-age normal occlusion counterparts. One month
after treatment, however, the patients exhibited similar
results to those of the control group in both the masti-
catory and swallowing tests (Tables 1 and 2).

Previous studies reported similar findings.
The self-masticatory ability of girls with Class II
was significantly improved after orthodontic treat-
ment, but the masticatory performance values did
not reach those in the normal occlusion group.? An-
other study has demonstrated that the masticatory
performance of patients submitted to orthognathic
surgery for mandibular advancement has signifi-
cantly improved 5 years after treatment, although
the values were still impaired compared with con-
trols.?> These studies cannot be directly compared
to the present one, because the samples were very
different regarding the severity of the malocclu-
sion and also the age of the groups. The first study
evaluated adolescents during active stages of dental
and craniofacial development. This could be a con-
founding factor since the masticatory performance
naturally improves during these stages.’ In the sec-
ond study, the age of the patients was similar to the
present research, but the severity of the malocclu-
sions wasn’t. Moreover, these previous studies did
not take into account the vertical facial types of the
patients. It has been reported that the facial patterns
can influence the masticatory performance indices.?
Therefore, care to control this possible confounding
factor in the comparison of patients vs. controls was
taken into account in the present study.

The results of masticatory performance tests show
that patients with malocclusions were not able to ap-
propriately chew or swallow before the orthodontic
treatment (Table 1). This finding is in line with sev-
eral studies that have reported a significant relation-
ship between malocclusions and decreased mastica-
tory performance.??* Reduced muscle activity and a
reduced occlusal contact area are probably the main
factors responsible for this decreased masticatory per-
formance of patients with malocclusions. It is well
known that adequate occlusal contacts promote man-
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dibular stability at maximal intercuspation and have a
significant influence on chewing function and masti-
catory muscle activity.?”*

Interestingly, the decreased masticatory perfor-
mance of patients before treatment had a significant
influence in the swallowing performances. The pres-
ent results show that patients before treatment ex-
hibit similar values to the control group regarding all
the swallowing variables, in exception for the me-
dian particle size at the moment of swallowing, the
X50-sw (Table 2). These findings demonstrate that
patients with malocclusions did not compensate their
impaired masticatory performance by increasing the
number of strokes to the first swallowing. Therefore,
they will swallow larger food particles, as evidenced by
the larger X50-sw observed in this group. After treat-
ment, the particle size reduction at time of swallow-
ing was significantly improved in the patients group
and reached similar level as in the control group.
The other swallowing variables remained unchanged
after treatment, indicating a real improvement in the
swallowing performance, because patients were able
to pulverize the test food better than before treatment
without increasing the number of chewing strokes.

Patients with malocclusions could in theory in-
crease the number of chewing strokes they make be-
fore swallowing so that they swallow food particles
of the same size as individuals with normal occlu-
sion. However, this fact did not occur. The medi-
an particle sizes obtained after 15 strokes did not
correlate with the number of strokes used before
swallowing, both in the patients and in the con-
trol groups (Table 3). That is to say, bad chewers
did not increase the number of cycles before swal-
lowing. Probably, patients with malocclusions are
unaware of their reduced masticatory capacity and
thus swallow larger food particles. This finding is in
accordance with a previous study, in which subjects
with malocclusions did not swallow their food after
a greater number of chewing strokes than subjects
with normal occlusion.?” Taken together, these re-
sults show that the ability of subjects with maloc-
clusions to reach the goal of mastication (to prepare
a food bolus that is safe to swallow) could be outside
the normal physiological range. The establishment
of a precise bolus particle size before swallowing is
triggered represents an important requirement to the
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healthy functioning of the gastrointestinal system.
A dysfunctional deglutition is known to be linked
to high morbidity.*” Moreover, an impaired reduc-
tion of ingested food particles is not only able to in-
crease the gastric emptying rate,”"” but also could
be related with more severe chronic inflammatory
changes and Helicobacter pylori infection of the gastric
mucosa, especially in the antrum of the stomach."

Significant positive correlations between the me-
dian particle size after 15 strokes and the particle size
at the moment of swallowing were found both in the
control group and in the patients group after treatment
(Table 3). This result suggests that orthodontic treat-
ment could have increase the oral sensitivity regarding
the particle size distribution of ready-to-swallow food
boluses. The main explanation for this improvement
is probably the increased number of occlusal contacts
achieved after treatment. Although this variable has
not been evaluated in the present study, previous stud-
ies have shown that orthodontic treatment can increase
the occlusal contact area and occlusal force,>® which are
important factors in the determination of both sensorial
and motor aspects of mastication.?'*

One limitation of the present study is that our sam-
ple comprised different types of malocclusions. Con-
sidering that factors such as occlusal contacts and the
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type and severity of malocclusion have a significant
impact on masticatory performance,’?’ the evaluation
of these factors in subjects with specific malocclusions
would give us a broader view about the topic. How-
ever, this limitation does not reduce the merit of the
present results. It is important to point out that signifi-
cant differences were observed for almost all variables
in the patients group when appropriate statistical intra-
group comparisons were evaluated. The inclusion of a
control group with homogeneous characteristics in re-
lation to possible confounding factors (eg. sex, age, fa-
cial pattern, number of occlusal units) also strengthens
the findings of the manuscript. A future study should
include patients with specific types of malocclusions
in order to characterize possible significant differences
regarding the impact of orthodontic treatment in their
masticatory and swallowing performances.

CONCLUSIONS

» Patients with malocclusions present impaired
masticatory and swallowing functions, since their
food bolus contain much larger particles than the
normal occlusion counterparts.

» At long-term follow-up examination, mastica-
tory and swallowing performances are reestablished
to those observed in the normal occlusion group.
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