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Abstract: Aim: The aim of the present study was to investigate modifications in electromyographic
activity of temporal and masseter muscles before and after surgically assisted rapid maxillary ex-
pansion (SARME) in adult subjects. Materials and Methods: Data from 20 patients with unilateral
posterior crossbite were selected retrospectively from the Orthodontics Department of the University
of Genoa and the Department of Biomedical Surgical and Dental Sciences of the University of Milan,
Fondazione IRCCS Ca’ Granda, Ospedale Maggiore Policlinico Milan. Inclusion criteria were set as
skeletal class I; adult patients (age > 18); good general health; patients with a transverse maxillary
deficiency with unilateral posterior crossbite and maxillary constriction ≥ 5 mm; Superficial elec-
tromyographic (EMG) examinations at T0 and T1. Exclusion criteria were smoking, metabolic bone
diseases (e.g., hyperparathyroidism, vitamin C deficiency), chronic use of corticoids before or during
treatment, parafunctional habits (e.g., bruxism), and temporomandibular joint dysfunction. The
Shapiro–Wilk test was performed to check whether the data were normally distributed. Differences
for each variable before and after SARME were analyzed with a paired t-test (p < 0.05). Results: The
statistical analysis demonstrated no statistically significant differences between the EMG values taken
before and after SARME regarding the standardized electrical activity of the masticatory muscles
(masseter and anterior temporalis (p > 0.05)). Conclusions: Considering the specific conditions of
this study, it can be concluded that SARME did not alter the EMG activity of the masseter and
temporal muscles. The present study has shown that the masticatory musculature evaluated after
approximately 8 months of therapy can adapt well to SARME.

Keywords: malocclusion; SARME; EMG; maxillary expansion

1. Introduction

Maxillary hypoplasia is a frequent malocclusion associated with various clinical con-
ditions. These include upper dental crowding, posterior crossbite, and obstruction of the
nasal airway, which affects occlusal stability, swallowing, aesthetics, and physiological
stomatognathic functions [1]. The incidence of maxillary hypoplasia in the entire pop-
ulation is estimated at 9.4% [2,3]. Moreover, 13–24% of the European infant population
is affected by complete posterior crossbite, compared to 7% of Americans and 1/2% of
African children [4].

The aim of the treatment for maxillary hypoplasia is to increase the maxillary width
and the dental arch perimeter and this can be achieved through the disjunction of the
median palatine suture [5–7]. This type of therapy is strictly related to the age of the
patients [8].
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Rapid maxillary expansion (RME) is an orthopedic procedure for the resolution of
maxillary constriction in growing patients [9], whereas surgically assisted rapid maxillary
expansion (SARME) is a treatment alternative for adult patients with a mature skeletal
structure whose ossified sutures are resistant to orthopedics forces [10]. As reported by
several authors, the age limit for orthopedic maxillary expansion is 14–18 years [11,12].

In adult patients, an orthodontic palatal expansion treatment can produce several
unwanted effects such as an excessive increase of the tipping of the first upper molars
accompanied by extrusion, root resorption, alveolar cortical bone bending, pain, and little or
no orthopedic effect [13,14]. SARME treatment is the method of choice and its effectiveness
has been demonstrated in the literature [15,16]. The facial skeleton is characterized by a
complex structure and mechanics, for this reason, different methods of osteotomy and
corticotomy of the mid-face have been developed [17,18]. SARME represents a proper
treatment for the correction of maxillary transverse deficiencies in adult subjects, whereas,
in cases of maxillary deficiencies associated with alterations on sagittal and vertical planes,
the multi-segmental Le Fort I osteotomy is preferred thus solving the whole malocclusion
in a single surgical proceeding [19].

The assessment and recording of the electric activity generated by skeletal muscles are
essential for studying the performance of facial musculature as it is directly linked to the
development of malocclusions [20].

Superficial electromyographic (EMG) examinations are used in many branches of
medicine, such as dentistry, speech therapy, and physical and postural therapy, with
the aim of obtaining a more accurate diagnosis and prognosis and re-evaluating muscle
performance during various stages of treatment [21].

Important data on the functional impact caused by morphological discrepancies can
be provided by the EMG examination, which allows the evaluation of the effects produced
by treatments to correct occlusal problems [22,23].

A small number of studies evaluated muscular response to maxillary expansion treat-
ment, and the findings are not always in agreement. Some authors electromyographically
examined the contraction of the masticatory muscles (temporal and masseter muscles) in
patients with crossbite, concluding that, when a correct occlusal relation is obtained, a
correct muscle pattern can be achieved [24,25]. Some authors reported that RME influenced
the electromyographic activities of the superficial masseter and anterior temporalis muscles
during chewing and swallowing with a significant increase [26]. Michelotti et al. [27]
affirmed that the treatment of unilateral posterior crossbite using RME did not produce a
more symmetric activity of the masticatory muscles.

To date, the electromyographic activity of masticatory muscles after a maxillary ex-
pansion has been mainly assessed after RME therapy.

Although SARME is the treatment of choice for the resolution of maxillary transverse
deficiency with unilateral or bilateral posterior crossbite in adult patients, the literature is
lacking studies assessing the behavior of the masticatory muscles after this therapy.

Thus, the aim of this investigation was to evaluate the electromyographic activity
of the masseter and temporalis muscles in adult patients affected by unilateral posterior
crossbite before and after SARME.

2. Materials and Methods

This longitudinal investigation has been conducted using superficial electromyo-
graphic (EMG) examinations of patients treated at the Orthodontics Department of the
University of Genoa and the Department of Biomedical Surgical and Dental Sciences of the
University of Milan, Fondazione IRCCS Ca’ Granda, Ospedale Maggiore Policlinico Milan.
The Ethical Committee of the Fondazione IRCCS Ca’ Granda, Ospedale Maggiore, Milan,
Italy (protocol n.573/15) approved the present study. The study protocol was performed in
accordance with the principles of the Declaration of Helsinki for medical research involving
human subjects. Written informed consent was gathered from all patients to permit us to
utilize data for research investigations.



J. Clin. Med. 2023, 12, 607 3 of 9

2.1. Sample Selection and Inclusion Criteria

Data from patients who underwent SARME were collected and the following inclu-
sion criteria were set: skeletal class I patients based on Steiner ANB angle [28]; Caucasian
ethnicity; adult patients (age > 18); good general health; patients with a transverse max-
illary deficiency with unilateral posterior crossbite and maxillary constriction ≥ 5 mm;
absence of complications during or after the surgical intervention; EMG examinations
taken no more than 1 month before SARME and a second EMG exam taken when the
appliance was removed. Exclusion criteria were metabolic bone diseases, smoking, tem-
poromandibular joint disorders, chronic use of corticoids during or before treatment, and
parafunctional habits.

Based on the aforementioned inclusion and exclusion criteria, 20 patients (10 women
and 10 men, mean age 27.3 ± 8.4 years) presenting unilateral posterior crossbite who had
undergone SARME surgery and neuromuscular activity assessment were included.

2.2. Surgical Procedure

SARME was executed with a Hyrax palatal expander cemented the day before surgery.
The surgery was performed for all patients by the same team and with the same

surgical procedure as described by Bell and Jacobs [29].
The surgical technique requires the same bone cutting used for a Le Fort I osteotomy.

A first horizontal incision was made ranging from the first molar to the canine. This incision
was done above the mucogingival junction and due to the mucoperiosteal elevation allowed
the lateral and anterior walls of the maxilla to be exposed. At this point, a horizontal
osteotomy was made from the pyriform rim to the zygomatic buttress. The osteotomy
was performed with a micro-reciprocating saw about 5 mm above the tooth apices. A
second vertical incision was then performed at the level of the frenulum of the upper
lip with the aim of permitting access to the planned site for the interincisal osteotomy
which was performed between the roots of the upper central incisors. Once the interincisal
osteotomy had been performed, an immediate expansion of the maxilla was obtained
with Sverzut’s chisel. At this point in the surgical procedure, the previously cemented
orthodontic appliance was activated to achieve the separation of the maxillary bone. The
appliance was a Hyrax RME appliance. Bands were placed on the premolars and maxillary
first molars. After a 7-day latency period, patients were asked to activate the screw
by 0.25 mm twice daily. The patients were monitored once a week until the planned
expansion was achieved (Figure 1). Except for hematoma and swelling, no postoperative
complications were observed.
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2.3. EMG Analysis

The EMG activities of the masticatory muscles (anterior temporal and masseter mus-
cles) were detected in all subjects before SARME (T0), and when the appliance was removed
(T1) to assess the muscular stability in static conditions [30]. The appliance remained in
situ for a period ranging between 6 and 9 months

All analyses were performed in the absence of the palatal expander to avoid interfer-
ence (at T0 before cementing; at T1 the day after removing it). The head was positioned
in the natural head position. All the electromyographic exams were conducted in an
undisturbed room.

The skin of the face was cleaned using a wad soaked in Neoxinal (0.5% chlorhexidine
in ≥70% alcohol) and disposable silver/silver chloride bipolar electrodes (Duo-Trode;
Myo-Tronics Inc., Seattle, WA, USA) were positioned according to the recommendations
of SENIAM (Surface EMG for Non-Invasive Assessment of Muscles) and then a refer-
ence electrode was located on the forehead for the electromyographic acquisition [31]
(Figure 2).
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Figure 2. Positioning of the bipolar electrodes in the temporalis muscles and masseter muscles.

Electromyographic activity was recorded using a computerized instrument (Freely;
De Gotzen srl, Legnano, Milano, Italy), capable of recording, digitizing, amplifying, and
filtering the analogical EMG signal [32]. Thanks to a differential amplifier, the electromyo-
graphical signals were analogically amplified and digitized (using a gain of 150, theoretical
resolution 16 1 V, that is ±14 mV, 12 b resolution, 2230 Hz A/D sampling frequency,
peak-to-peak input range 28 mV). Then the analog EMG signal was filtered by analog and
digital filtering.

The average electrical activity of the muscles every 25 ms were considered, with muscle
activity evaluated as the average square of the root (RMS) of the amplitude (unit: 1 V).

Two electromyographic recordings were made at T0 and T1: the first involved the
recording of maximum voluntary clamping (MVC) performed on two 10 mm thick cotton
rolls placed between the mandibular posterior teeth and was called “standardization record-
ing”; the second, called “experimental recording”, involved MVC recording performed
without the interposition of the cotton rolls. Both recordings had a duration of 5 s, but the
software automatically selected only the 3 s with the most stable EMG signal.

All electromyographic values recorded during the “experimental recordings” were
expressed as a percentage of the mean potentials recorded during the standardization
test carried out on cotton rolls (unit: µV/µV × 100). All consequent calculations were
done with the standardized potentials. Thanks to this standardization, there should be
no variability due to electrode positioning or skin, and electrode impedance and relative
percentage EMG values should be influenced only by the occlusal surfaces [30,33]. The
parameters assessed during the EMG analysis are synthesized in Table 1.
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Table 1. For each patient, the following sEMG indices of neuromuscular coordination have
been assessed.

Indices

Percentage overlapping
coefficient (POC, unit: %)

An index of the symmetric distribution of muscular activity as
determined by occlusion. Calculations were performed for
each pair of muscles, resulting in a POC for the temporalis

muscles (POCt) and a POC for the masseters (POCm).
Torque coefficient (TC, unit: %) Index of the possible presence of a mandibular torque.

Activity Index (Ac, unit: %) Index suggesting the prevailing area of occlusal contacts.

Standardized
activity (unit: µV/µV s %)

The total standardized electric activity developed by the
muscles investigated during the maximum voluntary

clamping (MVC) was calculated as the average integrated
areas of temporalis and masseter Superficial

electromyographic (EMG) potentials over time.

2.4. Statistical Analysis

The G*Power free software (version 3.1.9.4, Franz Faul, Universitat Kiel, Kiel, Germany)
was initially used to obtain data for the power analysis calculation. The mean values of
the T0–T1 changes and the relative standard deviation of the RMS normalized means (mi-
crovolts) related to the masseter muscle in dental clenching reported by Sverzut et al. [34]
were used.

The power analysis evaluation reported that to reach 95% power, 4 patients were
necessary to have a statistically significant comparison of the data. As reported above, the
authors were able to select 20 subjects.

IBM SPSS Statistics ver. 25.0 software (IBM Co., Armonk, NY, USA) was used to
execute the statistical analysis. The Shapiro–Wilk test showed a Gaussian distribution of
the data and, thus, parametric tests were used. Data reported in the statistical analysis
were reported as mean ± standard deviation (SD) of each EMG index. Differences for
each variable before and after SARME were analyzed with a paired T-test and the level of
statistical significance was set at p < 0.05.

3. Results

The statistical analysis did not demonstrate statistically significant differences between
the EMG values taken before and after SARME regarding the standardized electrical activity
of the masticatory muscles (anterior temporalis and masseter) (p > 0.05) (Table 2).

Table 2. Mean, standard deviation (S.D), and statistical comparison between pre- and post-treatment
EMG values.

Variable T0 T1 Difference p-Value

POC t (%)
Mean 86.52 85.52 1 0.317
S.D 3.75 5.73 3.38

POC m (%)
Mean 84.23 85.78 −1.55 0.561
S.D 8.57 5.71 7.17

TC (%)
Mean 8.91 8.23 0.68 0.521
S.D 3.60 2.15 3.29

Ac (%)
Mean 2.35 4.81 −2.46 0.533
S.D 12.28 10.62 14.22

Standardized
activity (µV/µV s %) Mean 133.69 132.87 0.82 0.925

S.D 43.89 50.4 36.03
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Analyzing the data in Table 2, the EMG indices obtained at T0 show that all patients
had good muscle balance as all values were within reference ranges. After treatment, all
EMG indices obtained remained within the reference values showing that muscle balance
after SARME was maintained. The values obtained from POCm, POCt, TC, and Ac showed
that at T1 as well as at T0 there was good symmetry between the left and right side
muscles, with the center of pressure correctly distributed and avoiding any mandibular
torque. Concerning the postoperative sequelae, all the patients reported hematoma and/or
swelling but no major postoperative complications were observed.

4. Discussion

The EMG activity of the masticatory muscles in patients with maxillary deficiency
and in patients with normal occlusion has been studied by different authors but with
contradicting findings [26,27,35,36].

The correct functioning of the stomatognathic apparatus depends on the harmony
created between all its components: jaw bones, temporomandibular joints, upper and
lower dental arch, and masticatory muscles. Most of the studies present in the literature
about palate expansion, whether surgically assisted or not, focus on the skeletal effects of
treatments without considering the effect of these on the masticatory muscles [37].

Analysis of masticatory muscle activity in subjects with altered occlusal relationships,
such as those who are candidates for SARME, could supply useful records on the functional
impact of morphological discrepancies. These activities can be examined with surface
electromyography (sEMG), which enables us to monitor some of the main masticatory mus-
cles, with outcomes that do not differ significantly from those obtained with intramuscular
recordings [38,39] and which have been found to have a good standard of reproducibility
when carried out with appropriately standardized protocols [40,41].

SARME is an invasive surgical procedure that aims to solve transverse maxillary
hypoplasia, greater than 5 mm, in adult patients. Once the treatment is completed, an
adequate occlusal relationship with balanced muscle activity is expected, as well as an
aesthetic and functional improvement [16,42,43].

Therefore, the goal of the present research was to analyze the changes in electromyo-
graphic activity of the masseter and temporalis muscles in skeletally mature patients before
and after SARME to ascertain how this operation is able to influence the masticatory muscle
activity after obtaining a new occlusal relation.

To the best of our knowledge, only one pilot study is present in the literature assessing
the behavior of the masticatory muscles after SARME [34].

The electromyographic analysis performed by Sverzut et al. [34] showed that the
activity of the masticatory muscles decreased in a significant way after SARME both at
rest and during dynamic movements. The difference between the results obtained from
our study could be explained by the fact that the second electromyographic analysis was
carried out at two different times between the two studies: in the study by Sverzut et al.
the follow-up was carried out 15 days later, whereas in the present study it was 6–9 months
after surgery. After a longer interval, the results of SARME should be more stable as the
musculature has more time to adapt to the new conditions of the stomatognathic system,
both skeletal and functional. In fact, the patients reported similar electromyographic values
at T1 and T0, maintaining the same muscular balance as before SARME.

The electromyographic indices used in this study (POC, CT, and Ac) are intended
to highlight the importance that occlusion has on neuromuscular balance; a correlation
already found by other authors in the literature [44,45].

Analyzing the values obtained in this study and shown in Table 2, it can be seen that
all the electromyographic indexes analyzed are within the predetermined ranges at both T0
and T1.

This demonstrates how the neuromuscular system can be stable even in the presence
of a crossbite and how 6–9 months after SARME the balance of the temporalis and masseter
muscles is unaltered.
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Comparable results were obtained from studies that analyzed the effect of RME on the
EMG activity of the masticatory muscles in growing patients [35,46]. Both Arat et al. [47]
and Di Palma et al. [35] found that 3 months after maxillary expansion with RME, the EMG
potentials of the masticatory muscles returned to the values recorded before the treatment,
demonstrating that the masticatory muscles can adapt well to maxillary expansion. In
contrast, De Rossi et al. [26] showed that the EMG activity of the jaw muscles after RME
increased compared with the pre-treatment results. The specific condition of the study
may have influenced the findings as they used a bonded rapid maxillary expander with
acrylic occlusal covering. Moreover, Michelotti et al. [27] evaluated an eventual asymmetric
activation of the masticatory muscles in young subjects, concluding that the unilateral
posterior crossbite does not take part in an asymmetric activation of the right and left
superficial masseter and anterior temporalis muscles during functional tasks. This would
explain the normal values highlighted at T0 in our sample.

The objective of the current research was not to compare normal patients with those
presenting posterior crossbites but to prove the muscular alterations associated with
SARME. Thus, no controls regarding normocclusive subjects have been included and
each subject acted as a control of her/himself.

The limited sample size, but sufficient for a statistically significant comparison of
the data, did not allow us to make a conclusive assertion on this topic, even if the use of
standardized EMG potentials increases the significance of our findings.

Within the main limitations of this study, we can also include the lack of an analysis
of dynamic movements as only the static neuromuscular coordination of patients was
considered. Additional information could therefore be obtained by enlarging the number of
patients, including an intermediate follow-up, and by also assessing jaw movements with
motion analysis tools [48]. Furthermore, long-term EMG assessments were not considered.
Therefore, future prospective studies including a longer follow-up and a larger sample size
are necessary to obtain more reliable information on this subject.

5. Conclusions

Based on the specific limits of this study, it can be asserted that SARME did not
modify the EMG activity of the masticatory muscles. The present study has shown that the
temporal and masseter muscles were not influenced by this treatment and the new occlusal
condition was related to symmetric muscular activities, at least during static conditions
and in adults with satisfying muscular coordination before surgery.

Author Contributions: Conceptualization, L.M., C.M. and A.A.; methodology, A.A. and V.L.; soft-
ware, A.A., L.M. and C.M. validation, L.S. and V.L.; formal analysis, A.A. and L.S.; investigation,
C.M.; resources, A.A.; data curation, C.M., V.L. and A.A.; writing—original draft preparation, A.A.
and L.M.; writing—review and editing, C.M. and A.A.; supervision, V.L.; project administration, V.L.
and A.A. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki.

Informed Consent Statement: The study was conducted according to the guidelines of the Declara-
tion of Helsinki and approved by the Ethics Committee of Ospedale Maggiore Policlinico, IRCCS Cà
Grandà, Milan, Italy (protocol n.573/15).

Data Availability Statement: Data are available on reasonable request due to restrictions, e.g., privacy
or ethics.

Conflicts of Interest: The authors declare no conflict of interest.



J. Clin. Med. 2023, 12, 607 8 of 9

References
1. Caprioglio, A.; Meneghel, M.; Fastuca, R.; Zecca, P.A.; Nucera, R.; Nosetti, L. Rapid maxillary expansion in growing patients:

Correspondence between 3-dimensional airway changes and polysomnography. Int. J. Pediatr. Otorhinolaryngol. 2014, 78, 23–27.
[CrossRef] [PubMed]

2. Niu, X.; Di Carlo, G.; Cornelis, M.A.; Cattaneo, P.M. Three-dimensional analyses of short- and long-term effects of rapid maxillary
expansion on nasal cavity and upper airway: A systematic review and meta-analysis. Orthod. Craniofac. Res. 2020, 23, 250–276.
[CrossRef] [PubMed]

3. Verstraaten, J.; Kuijpers-Jagtman, A.M.; Mommaerts, M.Y.; Bergé, S.J.; Nada, R.M.; Schols, J.G.J.H. A systematic review of the
effects of bone-borne surgical assisted rapid maxillary expansion. J. Cranio-Maxillo-Facial Surg. 2010, 38, 166–174. [CrossRef]
[PubMed]

4. Chamberland, S.; Proffit, W.R. Short-term and long-term stability of surgically assisted rapid palatal expansion revisited. Am. J.
Orthod. Dentofac. Orthop. 2011, 139, 815–822.e1. [CrossRef] [PubMed]

5. Abate, A.; Cavagnetto, D.; Fama, A.; Matarese, M.; Lucarelli, D.; Assandri, F. Short term effects of rapid maxillary expansion on
breathing function assessed with spirometry: A case-control study. Saudi Dent. J. 2020, 33, 538–545. [CrossRef] [PubMed]

6. Lanteri, V.; Cavagnetto, D.; Abate, A.; Mainardi, E.; Gaffuri, F.; Ugolini, A.; Maspero, C. Buccal Bone Changes Around First
Permanent Molars and Second Primary Molars after Maxillary Expansion with a Low Compliance Ni-Ti Leaf Spring Expander.
Int. J. Environ. Res. Public Health 2020, 17, 9104. [CrossRef]

7. Abate, A.; Cavagnetto, D.; Rusconi, F.M.E.; Paolo, C.; Luca, E. Safety and Effects of the Rapid Maxillary Expander on Temporo-
mandibular Joint in Subjects Affected by Juvenile Idiopathic Arthritis: A Retrospective Study. Children 2021, 8, 33. [CrossRef]

8. Lindsten, R.; Ögaard, B.; Larsson, E.; Bjerklin, K. Transverse Dental and Dental Arch Depth Dimensions in the Mixed Dentition in
a Skeletal Sample from the 14th to the 19th Century and Norwegian Children and Norwegian Sami Children of Today. Angle
Orthod. 2002, 72, 439–448. [CrossRef]

9. Lanteri, V.; Abate, A.; Cavagnetto, D.; Ugolini, A.; Gaffuri, F.; Gianolio, A.; Maspero, C. Cephalometric Changes Following
Maxillary Expansion with Ni-Ti Leaf Springs Palatal Expander and Rapid Maxillary Expander: A Retrospective Study. Appl. Sci.
2021, 11, 5748. [CrossRef]

10. Lehman, J.A.J.; Haas, A.J. Surgical-orthodontic correction of transverse maxillary deficiency. Clin. Plast. Surg. 1989, 16, 749–755.
[CrossRef]

11. Timms, D.J. An occlusal analysis of lateral maxillary expansion with midpalatal suture opening. Dent. Pract. Dent. Rec. 1968, 18,
435–441. [PubMed]

12. Wertz, R.A. Skeletal and dental changes accompanying rapid midpalatal suture opening. Am. J. Orthod. 1970, 58, 41–66. [CrossRef]
[PubMed]

13. Silverstein, K.; Quinn, P.D. Surgically-assisted rapid palatal expansion for management of transverse maxillary deficiency. J. Oral
Maxillofac. Surg. 1997, 55, 725–727. [CrossRef] [PubMed]

14. Chung, C.H.; Woo, A.; Zagarinsky, J.; Vanarsdall, R.L.; Fonseca, R.J. Maxillary sagittal and vertical displacement induced by
surgically assisted rapid palatal expansion. Am. J. Orthod. Dentofac. Orthop. 2001, 120, 144–148. [CrossRef]

15. Vilani, G.N.L.; Mattos, C.T.; de Oliveira Ruellas, A.C.; Maia, L.C. Long-term dental and skeletal changes in patients submitted to
surgically assisted rapid maxillary expansion: A meta-analysis. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. 2012, 114, 689–697.
[CrossRef]

16. Gurgel, J.A.; Tiago, C.M.; Normando, D. Transverse changes after surgically assisted rapid palatal expansion. Int. J. Oral Maxillofac.
Surg. 2014, 43, 316–322. [CrossRef]

17. Koudstaal, M.J.; Poort, L.J.; van der Wal, K.G.H.; Wolvius, E.B.; Prahl-Andersen, B.; Schulten, A.J.M. Surgically assisted rapid
maxillary expansion (SARME): A review of the literature. Int. J. Oral Maxillofac. Surg. 2005, 34, 709–714. [CrossRef]

18. Betts, N.J.; Vanarsdall, R.L.; Barber, H.D.; Higgins-Barber, K.; Fonseca, R.J. Diagnosis and treatment of transverse maxillary
deficiency. Int. J. Adult Orthodon. Orthognath. Surg. 1995, 10, 75–96.

19. Mortellaro, C.; Migliario, M.; Bologna, G.; Bello, L.; Lucchina, A.G.; Tetè, S. Rapid expansion of the palate with a new surgical
technique. J. Craniofac. Surg. 2010, 21, 892–899. [CrossRef]

20. Didier, H.; Assandri, F.; Gaffuri, F.; Cavagnetto, D.; Abate, A.; Villanova, M.; Maiorana, C. The Role of Dental Occlusion and
Neuromuscular Behavior in Professional Ballet Dancers’ Performance: A Pilot Study. Healthcare 2021, 9, 251. [CrossRef]

21. de Felício, C.M.; Freitas, R.L.R.G.; Vitti, M.; Regalo, S.C.H. Comparison of upper and lower lip muscle activity between stutterers
and fluent speakers. Int. J. Pediatr. Otorhinolaryngol. 2007, 71, 1187–1192. [CrossRef] [PubMed]

22. Foschi, D.; Abate, A.; Maspero, C.; Solimei, L.; Lanteri, C.; Lanteri, V. Method Presentation of a New Integrated Orthodontic-
Conservative Approach for Minimally Invasive Full Mouth Rehabilitation: Speed Up Therapy. Biomedicines 2022, 10, 2536.
[CrossRef] [PubMed]

23. Galo, R.; Vitti, M.; da Glória Chiarello Mattos, M.; Regalo, S.C.H. Masticatory muscular activation in elderly individuals during
chewing. Gerodontology 2007, 24, 244–248. [CrossRef] [PubMed]

24. Silva Andrade, A.; Gameiro, G.H.; Derossi, M.; Gavião, M.B.D. Posterior crossbite and functional changes. A systematic review.
Angle Orthod. 2009, 79, 380–386. [CrossRef]

http://doi.org/10.1016/j.ijporl.2013.10.011
http://www.ncbi.nlm.nih.gov/pubmed/24231036
http://doi.org/10.1111/ocr.12378
http://www.ncbi.nlm.nih.gov/pubmed/32248642
http://doi.org/10.1016/j.jcms.2009.06.006
http://www.ncbi.nlm.nih.gov/pubmed/19664932
http://doi.org/10.1016/j.ajodo.2010.04.032
http://www.ncbi.nlm.nih.gov/pubmed/21640889
http://doi.org/10.1016/j.sdentj.2020.09.001
http://www.ncbi.nlm.nih.gov/pubmed/34803298
http://doi.org/10.3390/ijerph17239104
http://doi.org/10.3390/children8010033
http://doi.org/10.1043/0003-3219(2002)0722.0.co;2
http://doi.org/10.3390/app11125748
http://doi.org/10.1016/S0094-1298(20)31296-7
http://www.ncbi.nlm.nih.gov/pubmed/5243896
http://doi.org/10.1016/0002-9416(70)90127-2
http://www.ncbi.nlm.nih.gov/pubmed/5269181
http://doi.org/10.1016/S0278-2391(97)90587-5
http://www.ncbi.nlm.nih.gov/pubmed/9216505
http://doi.org/10.1067/mod.2001.113791
http://doi.org/10.1016/j.oooo.2012.01.040
http://doi.org/10.1016/j.ijom.2013.10.001
http://doi.org/10.1016/j.ijom.2005.04.025
http://doi.org/10.1097/SCS.0b013e3181d878b4
http://doi.org/10.3390/healthcare9030251
http://doi.org/10.1016/j.ijporl.2007.04.008
http://www.ncbi.nlm.nih.gov/pubmed/17512612
http://doi.org/10.3390/biomedicines10102536
http://www.ncbi.nlm.nih.gov/pubmed/36289798
http://doi.org/10.1111/j.1741-2358.2007.00170.x
http://www.ncbi.nlm.nih.gov/pubmed/17999738
http://doi.org/10.2319/030708-137.1


J. Clin. Med. 2023, 12, 607 9 of 9

25. Ferrario, V.F.; Sforza, C.; Miani, A.J.; D’Addona, A.; Barbini, E. Electromyographic activity of human masticatory muscles
in normal young people. Statistical evaluation of reference values for clinical applications. J. Oral Rehabil. 1993, 20, 271–280.
[CrossRef]

26. De Rossi, M.; De Rossi, A.; Hallak, J.E.C.; Vitti, M.; Regalo, S.C.H. Electromyographic evaluation in children having rapid
maxillary expansion. Am. J. Orthod. Dentofac. Orthop. 2009, 136, 355–360. [CrossRef]

27. Michelotti, A.; Rongo, R.; Valentino, R.; D’Antò, V.; Bucci, R.; Danzi, G.; Cioffi, I. Evaluation of masticatory muscle activity in
patients with unilateral posterior crossbite before and after rapid maxillary expansion. Eur. J. Orthod. 2019, 41, 46–53. [CrossRef]

28. Steiner, C.C. Cephalometrics for you and me. Am. J. Orthod. 1953, 39, 729–755. [CrossRef]
29. Bell, W.H.; Jacobs, J.D. Surgical-orthodontic correction of horizontal maxillary deficiency. J. Oral Surg. 1979, 37, 897–902.
30. Ferrario, V.F.; Sforza, C.; Colombo, A.; Ciusa, V. An electromyographic investigation of masticatory muscles symmetry in

normo-occlusion subjects. J. Oral Rehabil. 2000, 27, 33–40. [CrossRef]
31. Hermens, H.J.; Freriks, B.; Disselhorst-Klug, C.; Rau, G. Development of recommendations for SEMG sensors and sensor

placement procedures. J. Electromyogr. Kinesiol. 2000, 10, 361–374. [CrossRef] [PubMed]
32. Ferrario, V.F.; Tartaglia, G.M.; Galletta, A.; Grassi, G.P.; Sforza, C. The influence of occlusion on jaw and neck muscle activity: A

surface EMG study in healthy young adults. J. Oral Rehabil. 2006, 33, 341–348. [CrossRef]
33. Castroflorio, T.; Farina, D.; Bottin, A.; Piancino, M.G.; Bracco, P.; Merletti, R. Surface EMG of jaw elevator muscles: Effect of

electrode location and inter-electrode distance. J. Oral Rehabil. 2005, 32, 411–417. [CrossRef] [PubMed]
34. Sverzut, C.E.; Martorelli, K.; Jabur, R.; Petri, A.D.; Trivellato, A.E.; Siéssere, S.; Regalo, S.C.H. Effect of surgically assisted rapid

maxillary expansion on masticatory muscle activity: A pilot study. Ann. Maxillofac. Surg. 2011, 1, 32–36. [CrossRef] [PubMed]
35. Di Palma, E.; Tepedino, M.; Chimenti, C.; Tartaglia, G.M.; Sforza, C. Longitudinal effects of rapid maxillary expansion on

masticatory muscles activity. J. Clin. Exp. Dent. 2017, 9, e635–e640. [CrossRef] [PubMed]
36. Abate, A.; Gaffuri, F.; Lanteri, V.; Fama, A.; Ugolini, A.; Mannina, L.; Maspero, C. A CBCT based analysis of the correlation

between volumetric morphology of the frontal sinuses and the facial growth pattern in caucasian subjects. A cross-sectional
study. Head Face Med. 2022, 18, 4. [CrossRef]

37. Ferrario, V.F.; Sforza, C.; Serrao, G. The influence of crossbite on the coordinated electromyographic activity of human masticatory
muscles during mastication. J. Oral Rehabil. 1999, 26, 575–581. [CrossRef]

38. Belser, U.C.; Hannam, A.G. The contribution of the deep fibers of the masseter muscle to selected tooth-clenching and chewing
tasks. J. Prosthet. Dent. 1986, 56, 629–635. [CrossRef]

39. Chaves, T.C.; Dos Santos Aguiar, A.; Felicio, L.R.; Greghi, S.M.; Hallak Regalo, S.C.; Bevilaqua-Grossi, D. Electromyographic
ratio of masseter and anterior temporalis muscles in children with and without temporomandibular disorders. Int. J. Pediatr.
Otorhinolaryngol. 2017, 97, 35–41. [CrossRef]

40. Karkazis, H.C.; Kossioni, A.E. Re-examination of the surface EMG activity of the masseter muscle in young adults during chewing
of two test foods. J. Oral Rehabil. 1997, 24, 216–223. [CrossRef]

41. Bergamini, M.; Pierleoni, F.; Gizdulich, A.; Bergamini, C. Dental occlusion and body posture: A surface EMG study. Cranio 2008,
26, 25–32. [CrossRef] [PubMed]

42. Carvalho, P.H.A.; Moura, L.B.; Trento, G.S.; Holzinger, D.; Gabrielli, M.A.C.; Gabrielli, M.F.R.; Pereira Filho, V.A. Surgically
assisted rapid maxillary expansion: A systematic review of complications. Int. J. Oral Maxillofac. Surg. 2020, 49, 325–332.
[CrossRef] [PubMed]

43. Galbiati, G.; Maspero, C.; Giannini, L.; Guenza, G.C.; Zanoni, F.; Farronato, G. Orthodontic-surgical treatment and respiratory
function: Rhinomanometric assessment. Minerva Stomatol. 2017, 66, 91–97. [CrossRef] [PubMed]

44. Di Palma, E.; Gasparini, G.; Pelo, S.; Tartaglia, G.M.; Chimenti, C. Activities of masticatory muscles in patients after orthognathic
surgery. J. Cranio-Maxillo-Facial Surg. 2009, 37, 417–420. [CrossRef]

45. Farronato, G.; Maspero, C.; Giannini, L.; Farronato, D. Occlusal splint guides for presurgical orthodontic treatment. J. Clin. Orthod.
2008, 42, 508–512.

46. Di Palma, E.; Tepedino, M.; Chimenti, C.; Tartaglia, G.M.; Sforza, C. Effects of the functional orthopaedic therapy on masticatory
muscles activity. J. Clin. Exp. Dent. 2017, 9, e886–e891. [CrossRef]

47. Arat, F.E.; Arat, Z.M.; Acar, M.; Beyazova, M.; Tompson, B. Muscular and condylar response to rapid maxillary expansion. Part
1: Electromyographic study of anterior temporal and superficial masseter muscles. Am. J. Orthod. Dentofac. Orthop. 2008, 133,
815–822. [CrossRef]

48. De Felício, C.M.; Mapelli, A.; Sidequersky, F.V.; Tartaglia, G.M.; Sforza, C. Mandibular kinematics and masticatory muscles EMG
in patients with short lasting TMD of mild-moderate severity. J. Electromyogr. Kinesiol. 2013, 23, 627–633. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1111/j.1365-2842.1993.tb01609.x
http://doi.org/10.1016/j.ajodo.2007.08.027
http://doi.org/10.1093/ejo/cjy019
http://doi.org/10.1016/0002-9416(53)90082-7
http://doi.org/10.1046/j.1365-2842.2000.00490.x
http://doi.org/10.1016/S1050-6411(00)00027-4
http://www.ncbi.nlm.nih.gov/pubmed/11018445
http://doi.org/10.1111/j.1365-2842.2005.01558.x
http://doi.org/10.1111/j.1365-2842.2005.01442.x
http://www.ncbi.nlm.nih.gov/pubmed/15899019
http://doi.org/10.4103/2231-0746.83152
http://www.ncbi.nlm.nih.gov/pubmed/23482404
http://doi.org/10.4317/jced.53544
http://www.ncbi.nlm.nih.gov/pubmed/28512539
http://doi.org/10.1186/s13005-022-00308-3
http://doi.org/10.1046/j.1365-2842.1999.00419.x
http://doi.org/10.1016/0022-3913(86)90432-4
http://doi.org/10.1016/j.ijporl.2017.03.022
http://doi.org/10.1111/j.1365-2842.1997.tb00316.x
http://doi.org/10.1179/crn.2008.041
http://www.ncbi.nlm.nih.gov/pubmed/18290522
http://doi.org/10.1016/j.ijom.2019.08.011
http://www.ncbi.nlm.nih.gov/pubmed/31500954
http://doi.org/10.23736/S0026-4970.17.04045-6
http://www.ncbi.nlm.nih.gov/pubmed/28399616
http://doi.org/10.1016/j.jcms.2009.05.004
http://doi.org/10.4317/jced.53986
http://doi.org/10.1016/j.ajodo.2006.07.028
http://doi.org/10.1016/j.jelekin.2013.01.016

	Introduction 
	Materials and Methods 
	Sample Selection and Inclusion Criteria 
	Surgical Procedure 
	EMG Analysis 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

