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ABSTRACT KEYWORDS
Objective: To evaluate muscle activity during maximum voluntary clenching (MVC) in patients Orthognathic surgery;
treated with intraoral proportional condylectomy and minimally invasive orthognathic surgery, condylectomy;
assessing neuromuscular balance between operated and contralateral sides. electromyography

Methods: Thirteen patients (11 women; mean age 28.2+523 years) were evaluated.
Electromyographic activity of the masseter and anterior temporalis muscles was recorded using
the Teethan® system during MVC. Asymmetry, POC, impact, and global indices were analyzed.
Maximum mouth opening was measured, and sides were compared using paired t-tests (p <.05).
Results: Mean maximum mouth opening was 39.6 + 4.05 mm, with a median follow-up of 2 years.
No significant differences were found between sides for anterior temporalis (23.69 + 3.01 vs 25.37
+2.60; p=.161) or masseter activity (25.52+4.11 vs 25.26 + 3.22; p =.887). The global index was
85.90 £ 3.43 and asymmetry index 0.17 + 8.04.

Conclusion: This combined approach preserved neuromuscular balance during MVC, supporting
its role as a functionally conservative treatment.

Introduction damage that extraoral approaches can cause, and preserves
the integrity of the articular capsule, allowing for lower
patient morbidity and a smoother postoperative recovery
while offering a precise and efficient surgical option [6-8].

Whether patients are able to regain normal mandibu-
lar movements after condylectomy is a concern, and
electromyography is the examination of choice to identify

Condylectomy is indicated for the treatment of active
condylar hyperplasia and benign and malignant tumors
of the temporomandibular joint (TM]) [1,2]. Many sur-
gical techniques have been described in the literature,
with extraoral or intraoral approaches, partial or com-
plete excision of the mandibular condyle, with or with-
out repositioning of the articular disc, and combining
orthognathic surgery when necessary [3-5].

The intraoral proportional condylectomy integrates vir-
tual surgical planning with computer-aided design (CAD)

muscle activity. Specific electromyographic indices allow
for the assessment of muscle function symmetry [9].
Electromyographic analysis of masticatory muscles fol-
lowing this procedure is particularly scarce in the litera-

and manufacturing (CAM) technology; cone-beam com- ture. This significant gap in knowledge underscores the
puted tomography (CBCT) is utilized to assess the vertical need for further investigation. Therefore, this study aims
discrepancy between the hyperplastic and normal sides of ~ to estimate muscle activity during maximal muscle con-
the mandible and mirror the vertical height of the unaf- ~ traction in patients who underwent intraoral propor-
fected side, enabling the creation of a custom 3D-printed ~ tional = condylectomy concurrent with ~minimally
cutting guide tailored to the anatomy of the affected area  invasive orthognathic surgery and to identify whether
[6]. This surgical technique reduces the risk of neurovas-  there is a neuromuscular balance between the operated
cular complications, prevents facial scarring, avoids the ~ and non-operated condyle sides.
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Materials and methods
Ethics statement

The study protocol was approved by the Research Ethics
Committee (approval number 6,182,492). All proce-
dures followed the Helsinki Declaration guidelines. All
participants were fully informed of the possible risks
and benefits of their involvement in the study and
gave their written consent to participate.

Study design/sample

Patients who underwent unilateral intraoral propor-
tional condylectomy and concomitant orthognathic sur-
gery at the Belle & Haas Orthofacial Surgery Center,
with at least 1 year of follow-up, were recruited for the
study. Patients with a history of facial trauma and
reconstructive surgeries of the temporomandibular
joint were excluded. All patients included in the study
presented no symptoms of temporomandibular dys-
function, with no muscle or joint pain, no clicking or
crepitus, and no limitations during mandibular move-
ments. Furthermore, the patients showed no alterations
in the non-operated condyle.

Variables

The predictor variable in this study was the condylect-
omy surgical site, categorized as either the right or left
side. The main outcome variable was the electromyo-
graphic activity of the masseter and anterior temporalis
muscles. Additionally, age, sex, mouth opening and
follow-up duration were considered covariates.

Surgical planning and procedure

All patients underwent bone scintigraphy, which iden-
tified the pathology in its active phase. Using computed
tomography imported into the 3D Dolphin software,
virtual planning was performed for proportional
intraoral condylectomy according to the technique pub-
lished by Haas Junior [7]. All surgical procedures were
performed by the same surgeons, RB and OH. The
virtual planning for proportional intraoral condylect-
omy involved measuring the height of the mandibular
rami bilaterally to fabricate the cutting guide. The first
step in the surgical procedure was the intraoral
approach for condylectomy [6], and fitting the cutting
guide onto the sigmoid ramus for coronoidectomy, fol-
lowed by condylectomy using piezosurgery. The second
step was minimally invasive orthognathic surgery with
Hunsuck mandibular osteotomy [10] and hybrid fixa-
tion using one plate and one bicortical screw, followed

by the twist technique for maxillary surgery [11] with
fixation using one plate on each side at the nasomaxil-
lary buttress [12]. In all cases, suturing was performed
with resorbable suture material.

Electromyographic evaluation

Electromyographic evaluation was performed in all
patients who underwent the surgical procedure with at
least one and a half years of follow-up.
Electromyographic activity was measured using the
Teethan® system (BTS SpA, Garbagnate Milanese,
Italy). The Teethan® 3.0 software includes specific eva-
luation indices for the masseter and anterior temporalis
muscles and was developed based on studies by Ferrario
et al. [13-17].

Recorded signals were processed and normalized
according to a standardized clenching protocol.
Although the indices were automatically calculated by
the software, their mathematical formulations are
reported below. The Percentage Overlapping
Coeflicient (POC) index was used to assess the symme-
try of activation in maximum voluntary contraction
(MVC) between homologous muscles on the right and
left sides and is defined as:

N 60(Right muscle;—Left muscle;)
=1

60(Right muscle; + Left muscle;)
I=1

POC = x 100

Where R; and L; represent the electromyographic activ-
ity of the right and left muscles, respectively, at each
sampling interval i, and ¥ indicates the summation over
the recording period. The ratio ¥ |R;—Lij|/Y (R;+Ly)
expresses the proportion of non-overlapping activity
between the two signals, and the POC represents the
percentage of overlap between them. Values close to
100% indicate greater symmetry in muscle activation,
while lower values reflect increasing asymmetry. In this
study, the POC was developed globally and for each
muscle pair individually, including the masseter and
anterior temporalis [9,13-17].

The asymmetry index was selected to compare mus-
cular activity in MVC of the masseter and anterior
temporalis muscles between the right and left sides
and was calculated automatically by the Teethan® soft-
ware based on the following equation:

MMR + TAR — MML — TAL

Astot = X
MMR + TAR + MML + TAL

100

Where MMR and MML correspond to the right and left
masseter muscles, and TAR and TAL correspond to the
right and left anterior temporalis muscles. Results range
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from —-10% to +10%; positive values indicate greater
activity on the right side, whereas negative values reflect
higher activation on the left. Values close to zero indi-
cate balanced bilateral muscle activity [9,13-16]. The
Impact index, proportional to bite force, was also eval-
uated. Normal values range from 100% to 115%. Higher
values may indicate a hyperactive muscle pattern, while
lower values may be associated with proprioceptive
protection or protective nociceptive reflexes [9,13-17].
The global index was used to provide a comprehensive
analysis of overall muscle activity. It represents the
combined activity of the right and left masseter and
temporalis muscles and is color-coded: green represents
a global balance above 83%, yellow between 82% and
75%, and red below 74%. Muscle activity in MVC gen-
erated by the Teethan software is also represented by
a pie chart. In the presence of good neuromuscular
balance and absence of malocclusion, the chart colors
are evenly distributed across the four quadrants, with
each sector occupying 25%9. All indices were obtained
automatically by the Teethan® software following signal
acquisition and normalization procedures, ensuring
standardized and reproducible electromyographic ana-
lysis under controlled occlusal conditions.

Electromyographic protocol

As recommended by the SENIAM protocol, the partici-
pants were seated upright, ensuring their heads
remained unsupported and their legs uncrossed. Skin
preparation at the electrode placement sites was per-
formed with 70% alcohol. In accordance with SENIAM
recommendations, wireless bipolar surface electrodes,
each 10 mm in diameter, were used in the study and
applied along the muscle fibers with a spacing of 20 mm
between them. Electrode placement was determined by
palpation during maximal clenching of the teeth.
Electrodes for the masseter muscle were placed in align-
ment with the direction of the muscle fibers. In contrast,
for the anterior temporalis muscle, the electrodes were
placed 2 cm away from the zygomatic process, ensuring
precise positioning for accurate data collection. For
calibration, a 10 mm diameter cotton roll was placed
between teeth 35 and 36 and 45 and 46, and patients
were instructed to perform maximal muscle contrac-
tions for 5 s. Next, the cotton swabs were removed
from the mouth and the patient rested for 3 min, after
which the static test was performed in which the patient
was instructed to perform maximum muscle contrac-
tion in dental occlusion for 5 s. To avoid muscle fatigue,
a 3-min rest interval was given between each test, and
the static MVC test was repeated three times.

Mouth openning

Using a caliper, the maximum mouth opening was
measured by taking the distance from the incisal edge
of tootht 11 to the incisal edge of tooth 41.

Statistical analyses

The Shapiro-Wilk test was used to evaluate the normal-
ity of distribution of the quantitative variables. Data are
presented as means and standard deviations. A paired
t-test was conducted to compare the right and left sides,
and an independent samples t-test was used to compare
the sites of condylectomy. Statistical significance was
established at a two-tailed p-value less than 0.05. All
statistical analyses were conducted in SPSS version
27.0 (IBM Corp., Armonk, NY, USA).

Sample power calculation

Considering that the number of patients available for
the study was 13, a sample size calculation was per-
formed to verify the adequacy of this sample size for
estimating the mean asymmetry index. A margin of
error of 12%, a confidence level of 95%, and an expected
standard deviation of 19.45% were adopted, as described
by Saracutu et al. [9]. The calculation was performed
using the online version of the PSS Health tool. This
approach allowed for the evaluation of the descriptive
power of the available sample, ensuring greater robust-
ness in the interpretation of the results.

Results

All patients evaluated had already fully recovered from
the surgical procedure, had no complaints of pain, did
not present any temporomandibular dysfunction, with
a minimum follow-up period of 1.5 years, and already
had stable dental occlusion. Thirteen patients (11
female) participated in the study, with a mean age of
28.2 years (SD 5.23). The mean maximum mouth open-
ing was 39.6 mm (SD 4.05) and the median follow-up
period was 2 years as shown in Table 1.

There was no statistical difference when comparing
right and left temporalis activity (mean 23.69 + 3.01 and
25.37 £2.60, respectively; p=.161). Likewise, for the
masseter muscle, there was no significant difference
when comparing the right and left sides (mean
25.52+4.11 and 25.26 £ 3.22, respectively; p =.887).
The mean (SD) global index was 85.90 + 3.43 and the
asymmetry index was 0.17 + 8.04. The mean (SD) POC
MM was 83.3 £ 3.1 and for POC TA 80.6 + 86.1 and for
the Impact index 89.3 + 103.2 as shown in Table 2.
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Table 1. Description of the sample characteristics in individuals who underwent condylectomy.

Mouth opening Follow up

Patient Sex Age (mm) (Years) Condylectomy CH Classification18
1 F 26 38 1 Right Type 1B
2 F 36 40 7 Right Type 2A
3 F 30 48 3 Right Type 1B
4 F 26 36 7 Left Type 1B
5 F 30 45 4 Right Type 1B
6 F 26 39 2 Right Type 1B
7 F 25 38 4 Left Type 1B
8 F 31 40 3 Right Type 2B
9 F 29 36 1 Right Type 1B
10 F 36 40 2 Right Type 1B
1" 1] 23 4 1 Left Type 1B
12 M 32 42 2 Left Type 1B
13 F 17 32 1 Right Type 1B
Mean 11F/2M 28.2 39.62 2(1-7) 9R/4L Type 1B
SD - 5.2 4.05 -

Legend: M: male; F: female; R: right; L: left; SD: standard deviation.

CH classification.

Type 1B: unilateral horizontal condylar overgrowth.

Type 2A: unilateral vertical condylar enlargement without exophytic tumor.
Type 2B: unilateral vertical condylar enlargement with exophytic tumor growth.

Table 2. Electromyographic evaluation of the masseter and anterior temporalis muscles in individuals who underwent condylectomy.

Follow

up Muscle Muscle Muscle Muscle Global  Asymmetry POC POCTA  Impact
Patient (Years) Activity RT  Activity LT  Activity RM  Activity LM index Index (%) Condylectomy MM (%) (%) (%)
1 1 233 25 29 22 83 248 Right 824 711 97.2
2 7 24.6 26 23.6 26 91 -1.79 Right 80.0 90.3 108.3
3 3 243 226 273 256 86 3.73 Right 85.6 84.7 109.6
4 7 22 29.6 24.6 233 86.3 —6.32 Left 829 86.0 85.0
5 4 223 29.6 20.3 27.6 853 -12 Right 80.0 80.0 84.0
6 2 223 253 22.6 293 79 3.87 Right 79.0 86.3 100.0
7 4 20 28 22 30 87 -15.36 Left 824 83.1 95.0
8 3 243 233 223 30 85 —6.72 Right 80.6 86.2 106.4
9 1 18 21.6 36 243 80.6 8.44 Right 83.2 83.1 80.5
10 2 243 253 28 223 89.6 10.27 Right 89.7 80.7 118.0
1 1 30 27 23 20 88 5.34 Left 85.2 83.2 90.0
12 2 27 23 27 23 89 7.98 Left 85.2 83.9 89.0
13 1 255 23.5 26 25 87 2.29 Right 86.6 85.2 88.0
Mean 2 (1-7) 23.68 25.36 25.51 25.26 85.90 0.17 9R/4L 83.3 834 96.2
SD 3.01 2.60 411 3.21 343 8.04 3.1 45 11.5

95% Cl - 21,86 to 23,79 to 23,02 to 2331to 83,83to —4,69to 5,03 814to 80.6to 89.3to
25,50 26,94 28,00 27,20 87,98 85.2 86.1 103.2

Teethan - 25% 25% 25% 25% - —10<(%) - 83<(%) 83<(%) 85<(%)

reference <+10) <100) <100) <115)

values

Legend: R: right; L: left; RT: right temporal; LT: Left temporal; RM: right masseter; LM: left masseter; SD: standard deviation; Cl: confidence interval.

Grey box: Global Index above 83%; Yellow box: Global Index between 82% and 74%.

Asymmetry index: Compares the activity of the right and left muscles.
POC MM index: symmetry between homologous muscles, the right and left masseter during MVC.

POC TA index: symmetry between homologous muscles, the right and left anterior temporal during MVC.

Impact: It indicates the work of the masticatory muscles and is proportional to the bite force.

Table 3. Comparative analysis of muscle activity in the temporalis and masseter muscles in patients undergoing

condylectomy.

Right Condylectomy Left Condylectomy
n=9 n=4 95% Cl p

Anterior Temporal

Right 23.21+£222 2475+ 457 —-8,474 to 5,396 0.560

Left 24.69 +2.34 26.90 + 2.81 -5,491 to 1,068 0.166
Masseter

Right 26.12+4.72 24.15+2.18 —-3,558 to 7,502 0.449

Left 25.79 +2.80 24.08 +4.22 —-2,585 t0 6,013 0.399

Legend: Cl: confidence interval; Red box: greater muscle activity on the healthy side; Blue box: greater muscle activity on the condylectomy side.
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When comparing the right and left sides as condy-
lectomy surgical sites, there was no statistically
significant difference in temporalis activity between
right and left (p=.560 and p =.166), neither for the
masseter (p=.449 for the right side and p=.399 for
the left). These data are presented in Table 3.

Discussion

Condylectomy is the surgical procedure of choice for
the treatment of hyperplasia and benign tumors of the
mandibular condyle, with its main objective being com-
plete resection of pathological areas and restoration of
facial symmetry [7,19-22]. Considering the surgical
goals of treating condylar hyperplasia, all patients in
this study were successfully treated using the intraoral
proportional condylectomy technique, with all achiev-
ing facial symmetry and no cases of recurrence. The
success of treatment in these patients can be attributed
to the use of a series of virtual tools that aid in surgical
predictability, such as virtual planning [7,23], virtual
segmentation of the condyle to ensure that all pathology
would be removed [24], and use of CAD/CAM cutting
guides [7,25]. Another major goal after condylectomy is
to effectively reestablish masticatory function without
any irreversible damage to mouth opening or to the
muscles of mastication [1,2,20,26]. The present study
does not aim to diagnose temporomandibular disorders
or define functional recovery, but rather to describe
neuromuscular behavior through electromyographic
assessment in patients who underwent condylectomy
combined with orthognathic surgery. All patients
included in this study were clinically asymptomatic
and had their dental occlusion re-established following
orthognathic surgery. In this study, patients demon-
strated a satisfactory mandibular range of motion fol-
lowing condylectomy, with a mean maximum mouth
opening of 39.2mm. This finding suggests adequate
functional adaptation and is consistent with a balanced
neuromuscular condition under the evaluated clinical
parameters.

In all cases, coronoidectomy was performed prior to
condylectomy for direct access to the condyle and pla-
cement of cutting guides (when planned). Resection of
the coronoid involves detachment of a portion of the
anterior temporalis tendon at the mandible. The tem-
poralis muscle is divided into anterior and posterior
portions, with the anterior portion performing the
movement of mandibular protrusion and the posterior
portion responsible for mandibular retraction [27]. On
electromyographic assessment, the index that deter-
mines temporalis muscle activity - the POC TA -

evaluates the function of the anterior portion of the
muscle; its results were within normal limits, suggesting
preservation of efficient neuromuscular balance in MVC
after the coronoidectomy-condylectomy procedure.
Therefore, electromyographic recordings obtained dur-
ing maximum voluntary contraction were performed
under stable occlusal conditions, without the influence
of occlusal interferences or functional disturbances. In
this context, the data collected fell within the normal
range of the indices and can be interpreted as an expres-
sion of neuromuscular balance.

In this study, we employed a minimally invasive
condylectomy approach [7], a technique that involves
less detachment of the masseter muscle during surgical
access, osteotomies, and, at the orthognathic surgery
stage, fixation; this also helped preserve the normality
of the masseter muscle. The masseter muscle is respon-
sible for elevating and stabilizing the jaw, as well as
contributing to its protrusion [28]. The results of the
electromyography of the POC MM index in MVC,
which assesses the symmetry of muscle activity between
the right and left masseter muscles, were within normal
limits, suggesting neuromuscular balance. In the pre-
sence of occlusal interference, asymmetry in muscle
activity can occur [16]. The data from the present
study indicated that the Impact index, which is equiva-
lent to an assessment of bite force, POC MM, POC TA,
and Asymmetry, which assess the symmetry of muscle
activity, were within the normal range. This can be
interpreted as neuromuscular balance, which may be
adaptive, where stable dental occlusion was achieved
through orthognathic surgery and is an important part
of ensuring that the muscles are activated in
a balanced way.

The Global Index of neuromuscular balance of the
masseter and anterior temporalis muscles yielded an
average of 85%, demonstrating a good balance between
the activity of the two muscle pairs evaluated and, there-
fore, suggesting that there is neuromuscular balance
when assessing that the muscle activity in the condy-
lectomy site did not differ from that in the non-operated
region. The findings of this study, which had a follow-up
of at least 1 year after surgical intervention, are similar
to those of the only other study on the subject which we
found in the literature, a case report published by Cullati
et al. [19] in 2017, in which electromyographic evalua-
tion was performed prior to condylectomy and orthog-
nathic surgery and the authors identified asymmetric
patterns of muscle activity preoperatively, which
became normal 24 months after the procedure.

The symmetry of muscle function between the right
and left sides of the patient is measured in Teethan®
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using the asymmetry index, which standardizes values
between —10% and +10% as normal, although negative
values tend to indicate greater activity on the left side
and positive values on the right side. In this study, in the
static evaluation in MVC, the variation remained within
the normal symmetry pattern, since perfectly symme-
trical function between muscle groups does not exist
[29]. These results may suggest a neuromuscular bal-
ance through adaptation, since intraoral condylectomy
with concomitant orthognathic surgery re-established
a stable dental occlusion.

The intraoral proportional condylectomy technique
used in this study is an effective, minimally invasive
treatment approach. Studies have shown that, within 12
months of the procedure, the operated condyle undergoes
sufficient recorticalization to resemble the healthy, non-
operated side in size [22]. Some studies report that after
the proportional condylectomy procedure performed via
an extraoral approach, some discrepancies in the man-
dibular lower border and ramus height were found [27],
which could lead the patient to a second surgical stage for
correction with orthognathic surgery. The proportional
intraoral condylectomy technique performed in this
study aims to reestablish condylar height and correct
the facial asymmetry through orthognathic surgery. In
the present study, all patients were evaluated at least 1
year after surgery and none required reintervention or
a second surgical procedure. The integration of virtual
planning, CAD/CAM technology, and precise intraoral
approach enhances surgical predictability, reduces mor-
bidity and optimizes recovery [6,7,25]. Therefore, electro-
myographic assessment showed no statistically significant
difference in muscle activity between the side on which
condylectomy was performed and the contralateral, non-
operated side. It is important to note that all patients had
their dental occlusion re-established, as they also under-
went orthognathic surgery and there were no symptoms
of temporomandibular dysfunction. In the Impact index,
which assesses bite force in MVC, the results obtained
were within the normal range, meaning there was no
muscle force below or above normal. These results may
suggest good neuromuscular adaptation after a long per-
iod following intraoral proportional condylectomy pro-
cedures with orthognathic surgery.

This study has some limitations, such as loss to fol-
low-up. The original sample consisted of 15 patients.
However, two patients were unable to attend the clinic
to participate in study evaluations. In addition, assess-
ments were performed at only one time point and the
absence of baseline electromyographic data precludes
direct comparison between pre- and postoperative con-
ditions, and the lack of comprehensive clinical and
patient-reported outcomes should be taken into account

when interpreting the findings. In the present study, the
clinical evaluation was limited to the range of mandib-
ular motion, specifically the maximum mouth opening.

The interpretation of electromyographic findings in
patients with temporomandibular disorders and related
surgical procedures should be performed with caution.
Recent evidence-based recommendations published by
the International Network for Orofacial Pain and
Related Disorders Methodology (INfORM) and the
IADR emphasized that instrumental assessments such
as surface electromyography, kinesiography, and pos-
turography are generally not supported by current
scientific evidence as reliable diagnostic tools for tem-
poromandibular disorders, reinforcing that clinical
examination and patient-reported symptoms remain
the standard of care for diagnosis and management
[30]. Although surface electromyography may provide
complementary information regarding muscle activa-
tion patterns, its diagnostic and clinical applicability
remains controversial. Daniele Manfredini et al. [31]
demonstrated that several electromyographic and kine-
siographic parameters, including resting muscle activity,
symmetry indices, and jaw movement recordings,
showed low diagnostic accuracy and high false-positive
rates in distinguishing patients with myofascial pain
from asymptomatic subjects, concluding that such
instruments should not be used as stand-alone diagnos-
tic tools due to the risk of overdiagnosis and overtreat-
ment. The authors also emphasized that reductions in
EMG activity during clenching tasks may reflect adap-
tive responses to pain rather than objective indicators of
dysfunction. Similarly, Charles S. Greene and Daniele
Manfredini [32] highlighted that instrumental assess-
ments alone are not directly related to the actual medical
necessity for treatment and warned against mechanistic
interpretations based exclusively on occlusal or neuro-
muscular parameters. Furthermore, Charles S. Greene
and Daniele Manfredini [33] discussed the potential risk
of overtreatment associated with excessive reliance on
technological diagnostic devices, particularly when irre-
versible therapeutic decisions are based on findings
lacking robust biological validity. Therefore, the present
results should be interpreted as complementary func-
tional observations rather than definitive indicators of
treatment success or neuromuscular balance. It should
also be emphasized that the patients included in the
present study presented condylar tumors associated
with facial asymmetry and were evaluated in the absence
of signs and symptoms of temporomandibular disor-
ders, which must be considered when interpreting the
electromyographic findings.

One limitation of the present study was the absence
of assessment of electromyographic repeatability, which
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may have influenced the reproducibility and reliability
of the obtained measurements. Within the limitations of
this study, electromyographic assessment demonstrated
suggests the absence of detectable side-to-side differ-
ences under the conditions tested during maximum
voluntary contraction, suggesting a balanced neuromus-
cular pattern under standardized conditions.
Considering that all patients were clinically asympto-
matic and had a re-established dental occlusion follow-
ing orthognathic surgery, the findings reflect functional
adaptation rather than direct evidence of complete func-
tional recovery. Electromyography proved to be a useful
complementary tool for assessing neuromuscular coor-
dination; however, its findings should be interpreted
with caution and not as a standalone indicator of clinical
function.
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