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SUMMARY:

What have our young patients eaten in the past 24 hours? Probably cooked, prepared, or even finely
chopped foods, that require limited masticatory action compared to what our craniofacial muscles are
used to.

The impact of masticatory hypofunctioning on craniofacial muscle development has been discussed in
paleoanthropology studies and experimental animal studies.

Masticatory activity is one of the most frequently underestimated functions from both an etiopath-
ogenic and therapeutic perspective in orthodontics. However, the recent development of prospective
clinical studies allows for a complementary approach to the correlations between form and function and
also allows us to examine the therapeutic importance of high masticatory stress.
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INTRODUCTION

The development of functional and physi-
ological attritional mastication in children is
a necessary condition for the growth and
development of the maxilla, which is no
longer possible because of the typical con-
sistency of the modern diet.

Orthodontic therapy can alleviate this
hypofunction and allow maxillary expan-
sion, but cannot permanently fix the related
stabilization issues. The prospective clinical
study we present here shows that the tar
geted introduction of strong masticatory

forces can be of great assistance to this
therapeutic challenge.

There is a series of anthropometric studies
that demonstrate the correlation between
the changes in the consistency of food, cran-
iofacial development, and the onset of occlu-
sions. They are based on the comparison of
anthropometric data between human skulls
found in archeological sites and the skulls
of modern day humans. These comparisons
have been made between human skulls
from the pre-industrial revolution period to
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those today®2"%1517232% The conclusion
of these studies is that the prevalence of
malocclusions and craniofacial growth
anomalies is much lower in populations
with a diet including hard-consistency
food than in those with a diet including
soft-consistency food.

A complementary approach es-
tablished by epidemiological studies
shows that the frequency of malocclu-
sions has increased in modern popula-
tions whose diet has evolved from one
with hard-consistency food to that with
soft-consistency food?®.

The problem with anthropological
and epidemiological studies is to iso-
late the influence of the masticatory
muscles from other parameters that
may affect craniofacial growth (such as
an increase in the prevalence of aller
gies that can lead to oral respiration’).

The influence of masticatory forc-
es on facial development has also
been highlighted by various exper
iments on animals (Fig. 1). In these
experiments, we changed the con-
sistency of food given to young test
animals which is then analyzed and
compared with growth patterns. Dif-
ferent animals have been examined:
rats234142213. nigs’®; macaques®; ba-
boons’; ferrets'™; rock hyrax™ (the last
study is the only experimental one
on a retrognathic human-like animal).
With these models, we can draw
the following general conclusion: an
increase in masticatory stresses in-
fluence the craniofacial growth. The
degree of this influence depends on
craniofacial anatomy, and it is difficult
to extrapolate these conclusions to
human beings because of anatomical
differences. However, the animal stud-
ies highlight two important elements
of retrognathic animals: although the
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impacts of changes to dietary con-
sistency is more apparent in the low-
er facial region, there is little effect
on the overall skull structure. Above
all, the maxillary alveolar transverse
dimension (intermolar distance) was
consistently altered when the diet is
changed to a softer consistency.

Therefore, the relationship between
masticatory forces and cranial mor
phology is the subject of many new
studies. Very few studies have tried to
introduce stronger masticatory forces
as a therapeutic means. However, from
the conclusions we have just seen, it
could greatly assist us in our objective
to develop facial harmony.

Ingervall et al.? emphasized the
change in vertical growth direction
in hyperdivergent subjects following
chewing exercises; Ohira et al.”® and
He et al.”" demonstrate that the intro-
duction of strong masticatory forces
significantly increases the physiology
of the chewing muscles. In this re-
search area, the following pilot study
seeks to determine whether the in-
troduction of strong masticatory forc-
es may not actually help stabilize the
transverse alveolar expansion of the
arches, which is a serious issue in or
thodontics. This idea is worse than the
conclusions drawn from the different
models of animal experimentation,
where the consistency of chewed
foods has a systematic impact on
the maxillary alveolar transverse di-
mension (intermolar distance), a diet
with hard-consistency food generates
more growth in this dimension.

The study is a comparative analysis
of Quad Helix alveolar expansion and
its development between control sub-
jects and subjects performing intense
daily chewing exercises.
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intermolar
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to humans handling horizontal interzygomatic dist in range
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— Orientation
Vertical — low number of
mastication specimens
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humans experimental — Greater cranial -Palatal height — Decreased -Mandibular
Nonhum . . .
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control parameters | variability width
= — 1 Study No significant change | SF: SF: SF:
Specific -Anatomy is very = — Bizygomatic No — Reduction in
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The experimental to humans hard palate decreased intermolar distance
importance of | parameters maxillary
elevated | control intermolar
masticatory distance
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M. Ferrets
— Animal — 1 Study SF: No SF: Not mentioned HF:
— Significant but change — Decreased — Significant
Rock Hyrax localized movement maxillary increase in alveolar
on the lower side intermolar ridges
Distance
Figure 1

Bibliographical synthesis of animal experiments. SF: Soft Foods; HF: Hard foods.

MATERIALS AND METHODS

Material skeletal deformities, but did show a mild
maxillary linguoversion that required
maxillary expansion when the first mo-
lars had erupted. These patients were
divided into two homogeneous groups
(the two groups had similar average

ages and typology).

Population

As part of this pilot clinical study, 20
prospective subjects were selected
(Fig. 2). The subjects were on average
9 years old and did not show any major
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Descriptive Statistics: CONTROL GROUP

Mean

Std. Dev
Std. Error
Count
Minimum
Maximum

8.74
0.50
0.16
10
8.10
9.80

Descriptive Statistics: EXPERIMENTAL GROUP (GUM)

Mean
Std.Dev
Std. Error
Count
Minimum
Maximum

9.16
0.31
0.09
11
8.70
9.70
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Figure 2

Distribution of subjects by population and age.

Makaremi M., Zink K., de Brondeau F. The importance of elevated masticatory forces
on the stability of maxillary expansion




Chewing gum

The aim was to use chewing gum that
generates sufficient stresses to signifi-
cantly increase the activity of the masti-
catory muscles. We opted for chewing
gum from the island of Chios (masticha
or mastiha) which had already been
used in Ingervall's experiments et al'.
It is a semi-transparent resin gum. The
resin is extracted from the mastic tree,
a tree of the coniferous family. This
tree grows only on the island of Chios,
Greece. This gum has two advantages:
on the one hand, it has been proven to
be very effective; on the other hand,
there are no ethical issues with its use,
as it is a natural product and has been
approved for use by the European Un-
ion to be sold overthe-counter without
any contraindications.

In order to gain a better under
standing of the real effect of gum on
masticatory muscles, we performed
electromyographic (EMG) recordings
and three-dimensional motion analysis
(Fig. 3) on patients performing chewing
exercises with 1.5 g of the Chios chew-
ing gum and 1.5 g of classic chewing
gum (Hollywood brand). The record-
ings focused on the masseter muscle
during the experimental phase and pa-
tients were asked to restrict chewing
to the left-hand side of the mouth.

The analysis of the results shows that
chewing the harder gum generates a
significant increase in muscle activity:
on the left side, there is an increase
of 93% in activity of the left masseter
muscle whereas there is an increase
of 326% in muscle activity of the right
masseter muscle. (This difference is
because of the need to stabilize the
non-working side given the intensity of
occlusal pressure.)

THE IMPORTANCE OF ELEVATED MASTICATORY FORCES ON THE STABILITY OF MAXILLARY EXPANSION

Experimental protocol

In the first stage of the experiment,
all subjects undergo a Quad Helix max-
illary arch expansion. In the second
stage, the control subjects are kept un-
der surveillance. The other ten subjects
are asked to chew the Chios gum. Ra-
diological and anthropometric data are
collected throughout the study: lateral
and profile skull teleradiography, pan-
oramic dental arches, study models,
maximum occlusal strength measure-
ments, and chewing gum film (Fig. 4).

The decision to precede the active
chewing phase with a therapeutic
phase consisting of maxillary expan-
sion increased the duration of the
treatment. However, this phase is like-
ly to introduce bias into the study.

Therefore, the active chewing phase
will be spread over 6 months. A longer
experiment would have been prefer
able, however, the radiological data
were collected before the first phase,
and the growth of the maxillary arch
could be analyzed over 1 year, which
was sufficient time to study it using tel-
eradiography.

The daily duration of the exercise
was 60 min, thereby approaching a
situation in which the subject eats
hard-consistency foods daily. The ex-
ercises did not begin directly after the
Quad Helix expansion because, as
demonstrated by many different stud-
ies', during the active phase of treat-
ment, proprioception and analgesic
reflexes greatly decrease the effi-
ciency of the masticatory muscles.
A delay of 1 month therefore sepa-
rated the removal of the Quad Helix
from the beginning of the chewing
exercises.

J Dentofacial Anom Orthod 2015;18:203
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Time (s)

BN Resin I Regular gum

Figure 3
Comparative analysis of mandibular movements when chewing Chios gum (resin) and when
chewing Hollywood brand chewing gum (regular gum) using three-dimensional motion sensors.

P A o 10 Subjects
Quad Helix / 5 1 Chewing )
Expansion 20 exercies with
Subjects hard gum
2 Control 10 .
Group Subjects
A b < =
<«
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Figure 4

Chronology of the implementation of the experimental protocol.

METHODS

Data collection on other casts after chewing exercis-
es. The detection of the cusp is quite
The study is based on the analysis of simple and the measurement seems
the intermolar distance between the reliable, which means the measure-

first maxillary molars and their orien- ment can easily be reproduced.
tation in relation to the median sagittal The orientation of the first maxillary
plane. molars was measured using facial
The intermolar distance was meas- teleradiography, performed before
ured using a caliper, between the top of the Quad Helix implementation and
the mesiovestibular cusp of tooth 16 to after the chewing exercises (teleradi-
tooth 26 (paracone), on castings made ography was performed 1 year apart).
prior to the Quad Helix implementation. The angle is measured between the
Then this measurement was repeated median sagittal plane and the tangent
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of the vestibular plane at 16 and 26,
taking the most convex point. Despite
difficulties when reading the facial tel-
eradiography, this measure, based on
anatomical elements which can be
easily located, could be reproduced
(the same radiographic analysis per
formed by two observers giving the
same measurements).

Statistical methodology

The statistical analysis of the
data was then carried out using the
Kruskal-Wallis (KW) test. We chose
this test, which had been developed
by Wilcoxon in 1945 and which is
well suited to small samples if it is
used in tandem with Siegel’s tables.
This test can be seen as a generaliza-
tion of the Wilcoxon—Mann-Whitney

RESULTS

The relationship between daily chew-
ing of hard gum and maxillary trans-
verse growth is more apparent when
both intermolar distance and molar
orientation are considered (Fig. 5).

The effects on the maxillary trans-
verse dimension are highlighted by the
contraction of the maxillary arch, which
defines the population of the study
(indication of Quad Helix).

The intermolar distance increased
proportionately in the population who
chewed gum 6 months after the ex-
pansion of the makxillary arch, com-
bined with molars that are at a lower
level than the median sagittal plane
in the control sample. Therefore, in
the subjects who chewed hard gum,
the masticatory forces improved the

THE IMPORTANCE OF ELEVATED MASTICATORY FORCES ON THE STABILITY OF MAXILLARY EXPANSION

test to more than two samples. It
IS a nonparametric test: it makes no
assumptions about the form of the
underlying distributions. Like many
nonparametric tests, it works not on
the values of the observations, but
on their rank, once these observa-
tions are gathered in a single large
sample. This is a test especially suit-
able for samples with fewer than
15 data entries.

The test is used here to determine
whether the two sample groups (con-
trol group and chewing group) are from
the same population, on a scale meas-
ured by a numerical value (occlusal
forces, cephalometric value, intermolar
distance). So, this is an identity test: if
the hypothesis is rejected, then there
is a significant difference between the
two populations.

stability of the molar expansion and
straightened the molar axes. J.L. Ray-
mond?® emphasized the importance
of controlling molar torque to thera-
peutic expansion. Controlling molar
torque can be best achieved naturally
by chewing hard gum; The effects here
are measured in a quantitative way
so as to be clinically perceptible. In
fact, both observers reported that the
meshing of the lateral sectors were
much more efficient in the subjects
who had chewed hard gum than sub-
jects in the control group.

Even if the sample size is small,
the net discrimination in the recovery
of the molar axes tends to show that
this phenomenon can be attributed to
chewing hard gum.

J Dentofacial Anom Orthod 2015:18:203
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Therefore, there is a significant prior modification to the masticatory
difference in the transverse dimen- muscles. The adjustment to the mo-
sion on the alveolar plane. It is the lar axes and a better meshing of the
direct consequence of the mastica- lateral areas (Fig. 6) are clinically ben-
tory forces on the face, without any eficial.

Percentage of molar variation

70 9
60 1

2 50

=

g 40 & Control

< 30 1 u Experiment (Gum)

20 4
10 4

0

Right Molar Left Molar Average molar
INITIAL
207
18] Percentage of variation of intermolar
13 distance
EXPANSION + MONITORING 8 124 e
= 10 [@ control
(o] g | - . . Experiment (Gum)
=
4 4 -
EXPANSION 2 0
0
+CHEWING HARD GUM Intermolar Distance
Figure 5
Summary of results.
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6 months after chewing the gum (+ 1.5 years)

Figure 6
DISCUSSION
We started this study with a Lamarck- The relationship between the devel-
ian approach to the relationship be- opment and the transverse stability of
tween the masticatory muscles in the dental arches and the consisten-
young patients and the changes in our cy of our diet has moved from animal
diet after the industrial revolution. experimentation toward human clinical
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studies. However, this is only a small
step which, in many respects, would
need to be supported.

Throughout this pilot study, we ob-
served that it would be better to per
form a thorough clinical study with a
larger sample of young patients who
can be monitored over a longer period
of time, without any other treatment
other than chewing gum.

The results would then be able to
assess the efficacy of strong mastica-
tory forces as a therapeutic means to
achieve a more balanced craniofacial
development. The path to clinical appli-
cations is long and needs us to answer

CONCLUSION

The postmodernist philosopher Mr.
Foucault stresses: It is not a question
of why (cause) but a question of the
effects, we must pay close attention to
the processes and functions. On the
basis of this reasoning, we can look at
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