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Abstract: Unilateral posterior crossbite is a type of malocclusion that involves morpho-functional
characteristics of masticatory muscle, such as the masseter: electrophysiological data have shown
that the affected side works less than the contralateral muscle, which shows a normal or increased
activity, probably in order to compensate for the affected side. The aim of present work was to
measure the diameter and the cross-sectional area of ipsilateral and contralateral muscle fibers to
verify if hypertrophy and/or hypotrophy take place in this malocclusion. We used immunofluo-
rescence pictures to measure, using ImageJ software, the diameter and the cross-sectional area of
fibers from control and crossbite groups; after that, the data were processed to perform statistical
analyses. Results show that the fiber diameters of contralateral muscle are larger than the diameters
of ipsilateral and control fibers, and that this difference is statistically significant. No statistically
significant difference was found between the fiber diameters of the ipsilateral and control muscles.
All these data suggest that, during unilateral posterior crossbite, morphological changes take place in
the contralateral masseter muscle, which undergoes hypertrophy, probably to compensate for the
low activity of the affected muscle.

Keywords: masseter muscle; crossbite; ImageJ; immunofluorescence; fiber size

1. Introduction

Unilateral posterior crossbite is a type of malocclusion characterized by an altered
buccal–lingual relationship [1,2]. This malocclusion represents a pathological condition
that involves morpho-functional characteristics of masticatory muscles [3,4]. Electrophysi-
ological studies have demonstrated that the masseter muscle of the affected side, named
ipsilateral, works less than the healthy side, named contralateral, and that the contralateral
side can exhibit a normal or increased activity [1,5].

Both the high activity on one side and the low activity on the other side determine
several morphological changes, which seem to be typical of hypertrophic and hypotrophic
processes, respectively [6]. Moreover, in the most severe cases of malocclusion, the existence
of an atrophic condition in the ipsilateral masseter muscle has been demonstrated [6].
The ipsilateral masseter muscle is shown to have thin and small fibers and an increased
extracellular matrix, as occurs in muscle hypotrophy and in the early stages of muscle
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atrophy; the contralateral side has been shown to have hypertrophic fibers that are bigger
when compared to the ipsilateral ones [4,6].

Histochemical investigations performed on the masseter muscles of unilateral pos-
terior crossbite patients have also shown that the ipsilateral side muscle is characterized
by low myonuclei and satellite cell numbers and a low expression of muscular proteins,
such as sarcoglycans and integrins. Instead, the contralateral muscle fibers were shown to
have higher myonuclei and satellite cell numbers and a higher expression of sarcoglycans
and integrins compared to ipsilateral muscle [6–8]. Although all these data support the
existence of a hypertrophic response in the contralateral side and a hypotrophic/atrophic
process on the ipsilateral side, no data about the evaluation of fiber diameters on both sides
exists in the literature.

On this basis, the aim of the present study is to perform a measurement of fiber
diameters for both ipsilateral and contralateral masseter muscles in unilateral posterior
crossbite, and to verify if a statistically significant differences in fibers diameters between
both muscles exist.

2. Materials and Methods
2.1. Patients and Ethics

Seven surgical patients, 4 men and 3 women, aged 30.5 ± 5.5 years (mean ± standard
deviation), with unilateral posterior crossbite were randomly recruited for the study and
all of them gave informed consent. They represented the “crossbite group”.

The inclusion criteria for the crossbite patient group were: (i) severe class III malocclu-
sion with right posterior crossbite of two or more posterior teeth; (ii) complete permanent
dentition; (iii) no erupting teeth; (iv) no caries; and (v) no temporo-mandibular disorders.
The exclusion criteria were history of connective tissue disorders, myopathies, endocrine
disorders, autoimmune disease, and bone disease.

Five surgical control patients, 2 men and 3 women, aged 30.5 ± 5.5 years (mean ±
standard deviation), with no malocclusion were randomly recruited for the study and
they represented the “control group”. The inclusion criteria were: (i) no malocclusion
disease; (ii) complete permanent dentition; (iii) no erupting teeth; (iv) no caries; and (v) no
temporo-mandibular disorders. The exclusion criteria were history of connective tissue
disorders, myopathies, endocrine disorders, autoimmune disease, and bone disease.

The investigation conformed with guidelines established by the University Internal
Review Board for use of Human Subjects and with the principles outlined in the Helsinki
Declaration of 1975. Ethics committee approval: “Morphological and molecular evaluation
of the masseter muscle in orthognathic surgical patients” approved on 18/06/2018 prot.
N.0063261, document n. CS2/372 of “Comitato Etico Interaziendale A.O.U. Città della
Salute e della Scienza di Torino-A.O. Ordine Mauriziano-A.S.L. Città di Torino”.

2.2. Muscle Biopsies

Biopsies were obtained from the superficial portion of both masseter muscles of
patients undergoing orthognathic surgery. All biopsies were obtained by the same sur-
geon via an intraoral incision through the mucosa and buccinator muscle, approximately
3 × 3 × 3 mm3 [9].

2.3. Immunofluorescence

The biopsies were fixed in 4% paraformaldehyde in 0.2 M phosphate buffer, pH 7.4,
for 2 h at room temperature. They were then washed extensively with 0.2 M phosphate
buffer, pH 7.4, and then with phosphate-buffered saline (PBS). The samples were dehy-
drated in alcohol (from 50% to 100%) and included in paraffin as the protocol. After that,
12-µm sections were prepared in a manual microtome and were placed on polylysine
glass slides.

After deparaffinization, to block non-specific binding sites and to permeabilize the
membranes, the sections were preincubated with 1% bovine serum albumin (BSA), 0.3%
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Triton X-100 in PBS at room temperature for 15 min as protocol [9–12]. Finally, the sections
were incubated with primary antibody. The following primary antibody was used: mouse
monoclonal anti-gamma sarcoglycan antibody, diluted at 1:100 (E-8, sc-515628, Santa Cruz
Biotechnology Inc., Santa Cruz, CA, USA); the antibody was detected using Texas Red-
conjugated IgG anti-mouse (Jackson ImmunoResearch Laboratories, Inc., West Grove,
PA, USA).

Slides were finally washed in PBS and sealed with mounting medium. The sections
were then analyzed and images acquired using a Zeiss LSM 5 DUO (Carl Zeiss, Jena,
Germany) confocal laser scanning microscope. All images were digitalized at a resolution
of 8 bits into an array of 2.048 × 2.048 pixels. Optical sections of fluorescent specimens
were obtained using a helium–neon (HeNe) laser (Carl Zeiss, Jena, Germany) (wavelength,
543 nm) at a 62-s scanning speed with up to eight averages; 1.50-µm sections were obtained
using a pinhole of 250. For each reaction, at least 100 individual fibers were examined.
Contrast and brightness were established by examining the most brightly labeled pixels
and choosing the settings that allowed clear visualization of the structural details while
maintaining the highest pixel intensity (~200). Each image was acquired within 62 s in
order to minimize photodegradation.

2.4. Image Analysis

We calculated the diameter of masseter muscles and the cross-sectional area of fibers
of the control and crossbite groups. To do that, we used immunofluorescence pictures from
anti-gamma sarcoglycan reactions to highlight the sarcolemma of each fiber. To perform
the measurements, we selected random confocal microscope pictures of right and left
masseter muscles fibers from the control group and of both contralateral and ipsilateral
masseter muscles of the crossbite group. In detail, to establish the diameters, we measured
60 longitudinal fibers of the control group (30 fibers for the left and 30 for the right sides)
and 60 fibers for each muscle from the crossbite group; to establish the cross-sectional area
we measured 60 transversal fibers of control group (30 fibers for the left and 30 for the right
sides) and 60 transversal fibers for each muscle of the crossbite group.

ImageJ Application

All steps of image processing were performed using ImageJ software. The following
steps aims to calculate muscle fibre diameters and cross-sectional areas:

Step 1. Open the fluorescent image for gamma sarcoglycan with ImageJ, click on
analyze to set the scale.

Step 2. Click on Image, adjust and brightness/contrast to minimize the background.
Step 3. Use the linear bar to perform two different measurements: (a) longitudinal fiber

diameters; (b) transversal fiber cross-sectional area. In each longitudinal fiber, the diameter
was taken from three different points: top, middle and bottom diameters. The values of the
transversal fibers were used to establish the cross-sectional area using the formula “πr2”

Step 4. All the measurement data are downloaded in excel format and they are
processed for statistical analyses.

2.5. Statistical Analysis

We added the values of the top, middle and bottom diameters to obtain a mean for
each longitudinal fiber. After that, we added the means of 60 fibers (30 fibers from the
left and 30 fibers from the right masseter muscles) to obtain a mean for the control group
and we added the means of 60 fibers to obtain the means for both the contralateral and
ipsilateral muscles of the crossbite group. Finally, we compared the means using Student’s
t-test with the following combinations: control vs. contralateral; control vs. ipsilateral; and
contralateral vs. ipsilateral. The data were also used to calculate the standard deviation,
distribution, and frequency. The results were used to create graphics.



Appl. Sci. 2021, 11, 5350 4 of 10

3. Results
3.1. Immunofluorescence

Immunofluorescence results show the expression of gamma sarcoglycan along the sar-
colemma and within the fibers in control muscles and in both contralateral and ipsilateral
masseter muscles (Figure 1). The intensity of fluorescence was higher in the contralat-
eral muscles (Figure 1B) than in the control muscle (Figure 1A) and the ipsilateral side
(Figure 1C), supporting our previous results showing a higher expression of sarcoglycans
and integrins in contralateral masseter muscles when compared to ipsilateral ones [6].
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Figure 1. Compound panel of immunofluorescence reaction anti gamma sarcoglycan (red channel)
(*where the measurements were taken). Pictures show that all tested muscles express gamma
sarcoglycan, although the contralateral masseter fibers (B) show an increased staining pattern for
gamma sarcoglycan compared to the control (A) and ispilateral muscles (C). Stars mark the top,
middle and bottom diameters; the yellow arrows in (D) and (E) show how the diameter and the
cross-sectional area measurements were performed, respectively.

3.2. ImageJ and Statistics

Results show that the mean of the fiber diameters for the control group was 22.2 µm;
the mean of fiber diameters for the ipsilateral muscle of crossbite group was 18.4 µm and
the mean for the contralateral muscle of crossbite group was 32.4 µm. The means of fiber
diameters were inserted into a histogram (Figure 2). The standard deviations for control,
contralateral, and ipsilateral were 5.5, 2.2, and 5.4, respectively.

The means of cross-sectional area for control group, ipsilateral and contralateral
muscles of the crossbite group are, respectively, 314 µm2, 265 µm2, and 730 µm2. The means
of fiber cross-sectional areas were inserted into a histogram (Figure 3). The standard deviations
for control, contralateral, and ipsilateral were 13.3, 20.9, and 9.6, respectively.

Student’s t-test results show that the differences were statistically significant in the
following comparisons: control–contralateral with a p-value = 0.04 and contralateral–
ipsilateral with a p-value = 0.02. The difference between control and ipsilateral is not
statistically significant, with a p-value = 0.08. The same statistical results were found
for the cross-sectional area: the differences were statistically significant in the following
comparisons: control–contralateral with a p-value = 0.02 and contralateral–ipsilateral with
a p-value = 0.01. The difference between control and ipsilateral is not statistically significant
with the p-value = 0.1.
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Figure 2. Histogram showing the mean values of fiber diameters in control, contralateral and ipsilat-
eral muscles: means were 22.2 µm, 32.4 µm, and 18.4 µm, respectively. The bar error corresponds
to the standard deviation. The differences are statistically significant in the following compar-
isons: control–contralateral with a p-value = 0.04 and contralateral–ipsilateral with a p-value = 0.02.
The difference between control and ipsilateral is not statistically significant with a p-value = 0.08.
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Figure 3. Histogram showing the mean values of fibers cross-sectional area in the control, con-
tralateral and ipsilateral muscles: the means were 314 µm2, 730 µm2, and 265 µm2, respectively.
The bar error corresponds to the standard deviation. The differences are statistically significant in the
following comparisons: control–contralateral with a p-value = 0.02 and contralateral–ipsilateral with
a p-value = 0.01. The difference between the control and ipsilateral is not statistically significant with
a p-value = 0.1.

The frequency data of diameter show as the most of the fiber diameter values are
between 20 and 30 µm for the control group, between 10 and 20 µm for the ipsilateral
muscle (crossbite group) and between 30 and 40 µm for the contralateral muscle (crossbite
group) (Figure 4).
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Figure 4. The graphic shows the frequency of diameter values. The y-axis shows the number of fibers
and the x-axis shows the ranges of diameter values expressed in µm. Most of the fiber diameters
are between 20 and 30 µm for the control group, between 10 and 20 µm for the ipsilateral muscle
(crossbite group) and between 30 and 40 µm for the contralateral muscle (crossbite group).

The frequency data of cross-sectional area values show that most of the cross-sectional
area values are between 300 and 400 µm2 for the control group, between 200 and 300 µm2

for the ipsilateral muscle (crossbite group) and between 700 and 800 µm2 for the contralat-
eral muscle (crossbite group) (Figure 5).
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Figure 5. The graphic shows the frequency of cross-sectional area values. The y-axis shows the
number of fibers and the x-axis shows the ranges of cross-sectional area values expressed in µm2.
Most of the cross-sectional area values are between 300 and 400 µm2 for the control group, between
200 and 300 µm2 for the ipsilateral muscle (crossbite group) and between 700 and 800 µm2 for the
contralateral muscle (crossbite group).

The distribution analysis showed a normal distribution of diameter and cross-sectional
area values for the control group and for both the ipsilateral and contralateral muscles of
the crossbite group. The Gaussian curves are illustrated in Figure 6.
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4. Discussion

Unilateral posterior crossbite is a malocclusion disease characterized by an inverse rela-
tionship between the lower and upper dental cusps [1,13–16]. Electrophysiological studies
have demonstrated that, when chewing on the affected side, the ipsilateral muscle shows
reduced activity and the contralateral muscle activity is normal or increased [2,17–19].
The increased work of the contralateral muscle depends on trying to compensate for the af-
fected side. All changes in muscle function determine the morphological changes that seem
to correlate with the hypertrophic and atrophic responses of contralateral and ipsilateral
muscles, respectively [6–8,20,21].

Although several functional and morphological data support the existence of hyper-
trophy and hypotrophy or atrophy [22], no investigations about masseter muscle fiber
diameters during unilateral posterior crossbite exist in the literature. The aim of the present
study was to perform a measurement of fiber diameter, both for both the ipsilateral and
contralateral sides, using immunofluorescence pictures and ImageJ software.

Immunofluorescence results showed the expression of gamma sarcoglycan along the
sarcolemma and within fibers in the control muscle, and both in contralateral and ipsilateral
masseter muscles. The intensity of fluorescence was higher in the control muscles and in the
contralateral muscles than in the ipsilateral muscles, supporting our previous results that
showed a higher expression of sarcoglycans and integrins in contralateral masseter muscles
when compared to ipsilateral ones [6]. Sarcoglycans and integrins are proteins systems that
play a crucial role in sarcolemma stabilization during muscle contraction. As such, their
increase or decrease correlate with a good or impaired muscle activity, respectively [23–26].

Despite this, the fluorescence staining pattern was good for marking the fibers of
all muscles in order to perform diameter measurements. It is widely accepted in the
literature that a hypertrophic adult muscle has a larger fiber diameter than a normal muscle.
Hypertrophy in contralateral masseter muscle has been indirectly linked to the existence
of a higher number of myonuclei and satellite cells. The higher workload would cause
the satellite cells to proliferate and donate myonuclei to pre-existing fibers, determining
the hypertrophy of muscle; moreover, the high expressions of sarcoglycans and integrins
are explained by the myonuclear domain theory: more myonuclei results in more muscle
protein synthesis. The expression of myogenesis markers in contralateral muscle has also
been determined, supporting that new fiber formation takes place.

In contrast, a hypotrophic muscle has very thin muscle fibers due to the loss of
contractile elements; this loss become more severe in atrophy. The hypotrophic condition
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in the ipsilateral masseter muscle were indirectly demonstrated by a low number of
myonuclei and satellite cells; moreover, both sarcoglycans and integrins were found to be
reduced in ipsilateral muscle and could also be explained by the myonuclear domain theory.
In atrophic masseter muscle, it was also found to be increased in the extracellular matrix.

All these morphological data represent an indirect way to establish the existence of
hypertrophic and/or hypotrophic/atrophic responses in masseter muscle. Through radi-
ological investigation, it is possible to establish the entire muscle volume for both sides.
Despite this, the aforementioned methods do not allow to know whether the increase in
volume depends on an increase of fiber thickness or on new fiber formation; they also do
not allow to know the diameter of individual fibers.

Fiber size measurements have already been performed on masseter muscle in several
occlusion states [27–29], but no data exist about the differences in size that occur between
contralateral and ipsilateral muscles during unilateral posterior crossbite.

Our results have shown a statistically significant difference between the mean di-
ameters of contralateral and ipsilateral fibers. Moreover, our results show a statistically
significant difference between control and ipsilateral muscles; however, no statistically
significant difference was found between the control and ipsilateral groups. This is in
accordance with the cross-sectional area values measured in the three groups.

On this basis, we can confirm that, in unilateral posterior crossbite, the contralateral
muscle undergoes a hypertrophic response, probably due to the attempt of compensating
for the affected muscle. This results in the significant volumetric increase of fibers compared
to normal muscle fiber sizes. On the other side, the ipsilateral muscle is characterized by
fibers that are smaller than normal fibers, but this difference is not significant. Moreover,
the difference between the contralateral and ipsilateral fiber size is significant. On this basis,
we can assert that this significant difference depends more on a volumetric increase than on
a reduction in volume of the ipsilateral muscle fibers. This could be explained by the fact
that a muscle goes into hypertrophy faster than hypotrophy. In fact, adult skeletal muscle
possesses a “muscle memory” that makes it more ready to face an increase in volume than
a loss of contractile elements, a process that requires much longer.

5. Conclusions

During unilateral posterior crossbite, the first morphological changes seems to involve
the contralateral masseter muscle, which undergoes hypertrophy, as evidenced by the
statistically significant increase in their fiber diameters when compared to both control and
ipsilateral muscles. On this basis, we can suggest that contralateral muscle hypertrophy is
a response to the higher workload this muscle it is subjected to, in order to compensate for
the already demonstrated low activity of the affected muscle [1].
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15. Lopatienė, K.; Trumpytė, K. Relationship between unilateral posterior crossbite and mandibular asymmetry during late adoles-
cence. Stomatologija 2018, 20, 90–95. [PubMed]

16. Brizuela, M.; Palla, A.; Dilip, K.N. Posterior Crossbite Review; StatPearls [Internet]; StatPearls Publishing: Treasure Island, FL,
USA, 2021.

17. Piancino, M.G.; Talpone, F.; Dalmasso, P.; Debernardi, C.; Lewin, A.; Bracco, P. Reversesequencing chewing patterns before and
after treatment of children with a unilateral posterior crossbite. Eur. J. Orthod. 2006, 28, 480–484. [CrossRef]

18. Nie, Q.; Kanno, Z.; Xu, T.; Lin, J.; Soma, K. Clinical study of frontal chewing patterns in various crossbite malocclusions. Am. J.
Orthod. Dentofacial. Orthop. 2010, 138, 323–329. [CrossRef] [PubMed]

19. Sever, E.; Marion, L.; Ovsenik, M. Relationship between masticatory cycle morphology and unilateral crossbite in the primary
dentition. Eur. J. Orthod. 2011, 33, 620–627. [CrossRef]

20. Zammit, P.; Heslop, L.; Hudon, L.; Rosenblatt, J.D.; Tajbakhsh, S.; Buckingham, M.; Beauchamp, J.R.; Partridge, A. Kinetics of
myoblast proliferation show that resident satellite cells are competent to fully regenerate skeletal muscle fibers. Exp. Cell. Res.
2002, 281, 39–49. [CrossRef] [PubMed]

21. Bottinelli, R.; Reggiani, C. Human skeletal muscle fibres: Molecular and functional diversity. Prog. Biophys. Mol. Biol. 2000, 73,
195–262. [CrossRef]

22. Bruschetta, D.; Anastasi, G.; Andronaco, V.; Cascio, F.; Rizzo, G.; Di Mauro, D.; Bonanno, L.; Izzo, V.; Buda, D.; Vermiglio, G.; et al.
Human calf muscles changes after strength training as revealed by diffusion tensor imaging. J. Sports Med. Phys. Fit. 2019, 59,
853–860. [CrossRef]

23. Cutroneo, G.; Centofanti, A.; Speciale, F.; Rizzo, G.; Favaloro, A.; Santoro, G.; Bruschetta, D.; Milardi, D.; Micali, A.; Di Mauro, D.;
et al. Sarcoglycan complex in masseter and sternocleidomastoid muscles of baboons: An immunohistochemical study. Eur. J.
Histochem. 2015, 59, 2509. [CrossRef] [PubMed]

24. Raoul, G.; Rowlerson, A.; Sciote, J.; Codaccioni, E.; Stevens, L.; Maurage, C.A.; Duhamel, A.; Ferri, J. Masseter myosin heavy
chain composition varies with mandibular asymmetry. J. Craniofac. Surg. 2011, 22, 1093–1098. [CrossRef] [PubMed]

http://doi.org/10.1111/j.1600-0722.2008.00601.x
http://doi.org/10.1093/ejo/cjr109
http://doi.org/10.1177/00220345990780111101
http://doi.org/10.1155/2014/563463
http://doi.org/10.1093/ejo/cjw003
http://www.ncbi.nlm.nih.gov/pubmed/26823371
http://doi.org/10.4081/ejh.2016.2605
http://doi.org/10.3892/ijmm.2012.986
http://www.ncbi.nlm.nih.gov/pubmed/22552408
http://doi.org/10.3390/jfmk5040080
http://doi.org/10.4081/ejh.2016.2642
http://doi.org/10.3892/or.2013.2766
http://www.ncbi.nlm.nih.gov/pubmed/24100935
http://doi.org/10.3892/etm.2016.3168
http://doi.org/10.1016/j.heliyon.2019.e02572
http://doi.org/10.1016/j.ajodo.2016.11.023
http://www.ncbi.nlm.nih.gov/pubmed/28554459
http://doi.org/10.3390/jcm10010033
http://www.ncbi.nlm.nih.gov/pubmed/30531163
http://doi.org/10.1093/ejo/cjl014
http://doi.org/10.1016/j.ajodo.2008.10.020
http://www.ncbi.nlm.nih.gov/pubmed/20816302
http://doi.org/10.1093/ejo/cjq070
http://doi.org/10.1006/excr.2002.5653
http://www.ncbi.nlm.nih.gov/pubmed/12441128
http://doi.org/10.1016/S0079-6107(00)00006-7
http://doi.org/10.23736/S0022-4707.18.08759-5
http://doi.org/10.4081/ejh.2015.2509
http://www.ncbi.nlm.nih.gov/pubmed/26150161
http://doi.org/10.1097/SCS.0b013e3182107766
http://www.ncbi.nlm.nih.gov/pubmed/21586952


Appl. Sci. 2021, 11, 5350 10 of 10

25. Ventura Spagnolo, E.; Mondello, C.; Di Mauro, D.; Vermiglio, G.; Asmundo, A.; Filippini, E.; Alibrandi, A.; Rizzo, G. Analysis
on sarcoglycans expression as markers of septic cardiomyopathy in sepsis-related death. Int. J. Legal Med. 2018, 132, 1685–1692.
[CrossRef]

26. Arco, A.; Favaloro, A.; Gioffrè, M.; Santoro, G.; Speciale, F.; Vermiglio, G.; Cutroneo, G. Sarcoglycans in the normal and
pathological breast tissue of humans: An immunohistochemical and molecular study. Cells Tissues Organs 2012, 195, 550–562.
[CrossRef]

27. Ringqvist, M. Size and distribution of histochemical fibre types in masseter muscle of adults with different states of occlusion.
J. Neurol. Sci. 1974, 22, 429–438. [CrossRef]

28. Sciote, J.J.; Horton, M.J.; Rowlerson, A.M.; Ferri, J.; Close, J.M.; Raoul, G. Human masseter muscle fiber type properties, skeletal
malocclusions, and muscle growth factor expression. J. Oral Maxillofac. Surg. 2012, 70, 440–448. [CrossRef]

29. Sciote, J.J.; Raoul, G.; Ferri, J.; Close, J.; Horton, M.J.; Rowlerson, A. Masseter function and skeletal malocclusion. Rev. Stomatol.
Chir. Maxillofac. Chir. Orale 2013, 114, 79. [CrossRef]

http://doi.org/10.1007/s00414-018-1840-6
http://doi.org/10.1159/000329508
http://doi.org/10.1016/0022-510X(74)90079-3
http://doi.org/10.1016/j.joms.2011.04.007
http://doi.org/10.1016/j.revsto.2013.01.015

	Introduction 
	Materials and Methods 
	Patients and Ethics 
	Muscle Biopsies 
	Immunofluorescence 
	Image Analysis 
	Statistical Analysis 

	Results 
	Immunofluorescence 
	ImageJ and Statistics 

	Discussion 
	Conclusions 
	References

