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Objectives: To evaluate the within-session repeatability of surface electromyographic func-

tional indices obtained with the Teethan® wireless system and to determine the influence 

of body posture during maximum voluntary clenching. 

Methods: Thirty-one healthy dentate participants with no self-reported temporomandibular 

pain or dysfunction were enrolled in a repeated-measures study. Bilateral electromyographic 

recordings of the masseter and anterior temporalis muscles were obtained with the Teethan® 

system in sitting, standing, and supine postures. For each posture, three consecutive clenching 

trials were recorded without removing the electrodes. Descriptive statistics, intraclass correla-

tion coefficients, repeated-measures analysis of variance, Bonferroni-adjusted comparisons, 

and Pearson correlation coefficients were calculated as supplementary association analyses. 

Results: No significant differences among body postures were observed for most indices, 

except for the masseter symmetry index, which showed higher values in sitting than in 

supine posture. Because postures were assessed in a fixed order, this difference should be 

interpreted cautiously. Most pairwise correlations between repeated trials were moderate 

to strong. Overall intraclass correlation coefficient values for average measures ranged 

from 92.2% to 96.8%, indicating excellent reliability. Single-measure reliability ranged from 

79.8% to 91.0%, the within-subject coefficient of variation from 9.3% to 23.1%, and Bland–

Altman analysis showed negligible systematic bias. 

Conclusions: Within the limitations of this study, the evaluated indices demonstrated high 

within-session repeatability and were minimally influenced by body posture during maximum 

voluntary clenching in healthy adults. (Rev Port Estomatol Med Dent Cir Maxilofac. 2026;67(x):1-11)
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Introduction

The stomatognathic system plays a crucial role in postural 
control and consists of the temporomandibular joint (TMJ), 
dental and periodontal structures, and the masticatory neu-
romuscular system.1 The TMJ forms part of the functional 
cranio-cervico-mandibular complex through anatomical, bi-
omechanical, and neurophysiological connections with the 
cervical region.2,3 Variations in cervical posture can there-
fore influence mandibular movement patterns and mastica-
tory muscle activity, owing to the continuity of the muscular 
and ligamentous chains between the mandibular and cervi-
cal region.2-5 Functional changes in head posture may influ-
ence occlusal parameters and mandibular function. Anterior 
head displacement is often associated with neck and shoul-
der tension, occlusal disturbances, and temporomandibular 
discomfort.6

Mastication, as an essential function of the stomatognath-
ic system, depends on occlusal contact and force distribu-
tion.7-9 In clinical settings, occlusal adjustments are frequent-
ly required during restorative and rehabilitative procedures to 
ensure harmonious contacts and balanced loading.8,10,11 Al-
though the stomatognathic system has significant adaptive 
capacity, some patients may experience discomfort or pain, 
particularly in the presence of occlusal interferences during 
dynamic mandibular movements.8

Occlusal stability is a physiological state that depends on 
the interplay among the TMJ, dentition, and masticatory mus-
cles, with ideal contact occurring along the long axes of the 
teeth to maintain periodontal health and joint balance.6,12,13 
Occlusal equilibration is a mechanical intervention that ad-
justs occlusal morphology to distribute stress, synchronize 
contacts, and harmonize muscle function and cusp relations, 
thereby optimizing muscular activity and establishing a stable, 
symptom-free masticatory system.6,14-16

Advances in digital technology now offer sophisticated 
tools for occlusal evaluation and analysis.14 A novel approach 
to adjusting intraoral appliances and prostheses involves the 
analysis of masticatory muscle surface electromyography 
(sEMG) activity, facilitating the evaluation of muscle synergy 
and balance.17-19 Evidence suggests that symmetry in electro-
myography (EMG) activity is critical for oral and functional 
rehabilitation.19,20 A novel wireless sEMG device – Teethan® 
(Teethan® S.p.A., Milan, Italy) has been introduced to analyze 
temporalis and masseter muscle activity during clenching, 
providing standardized functional indices to assess it.21 De-
spite its potential, studies evaluating the use of sEMG in oral 
rehabilitation remain limited.

Because body posture may affect sEMG recordings, partic-
ularly during procedures commonly performed in the supine 
posture, such as oral rehabilitation and occlusal splint adjust-
ment, it is important to determine whether posture influenc-
es Teethan-derived indices. Therefore, this study aimed to 
evaluate the within-session repeatability of these functional 
indices and to determine the influence of sitting, standing, and 
supine postures during maximum voluntary clenching in 
healthy dentate adults. The null hypothesis was that body pos-
ture would not significantly affect the recorded functional 
indices.

Materials and methods

This exploratory within-session reliability and agreement 
study employed a repeated-measures design across three body 
postures (sitting, standing, and supine). The sample included 
31 healthy volunteers recruited from the students and staff at 
(Faculty of Dental Medicine, University of Lisbon, Lisbon, Por-
tugal). We did not perform a formal a priori sample size calcu-
lation because the sample size was based on an internal pilot 
investigation conducted by the same group with 14 volunteers 
using the same device and the same three postures.22 A post-
hoc sensitivity analysis confirmed the adequacy of the 
achieved sample: with 31 participants, the study had 80% pow-
er to detect a between-posture effect of Cohen’s f = 0.23 (partial 
η² = 0.052) in a three-level repeated-measures analysis of vari-
ance (ANOVA) (α = 0.05), and allowed the intraclass correlation 
coefficient (ICC) to be estimated with a 95% confidence interval 
(CI) width of approximately 0.12 for an expected value of 0.90.23 
A total of 279 sEMG recordings were obtained (31 participants 
× 9 trials); however, all inferential analyses were conducted at 
the participant level, accounting for the repeated-measures 
structure. We did not perform a formal a priori sample size 
calculation based on ICC because this investigation was de-
signed as an exploratory reliability and agreement study.

All participants provided written informed consent before 
inclusion. The study protocol complied with the Declaration of 
Helsinki and was approved by the institutional ethics commit-
tee (approval no. CE-FMDUL202321; approved on 20/11/2025).

Eligibility criteria required a minimum age of 18 years, 
complete natural dentition, and absence of self-reported tem-
poromandibular pain or dysfunction based on a validated tem-
poromandibular disorder (TMD) pain screening question-
naire.24 Individuals with tooth loss, prosthetic restorations 
affecting occlusal contacts, or TMD symptoms were excluded. 
A complete Diagnostic Criteria for Temporomandibular Disor-
ders (DC/TMD) clinical examination was not performed. More-
over, participants’ screening did not systematically assess or 
record specific occlusal characteristics, including crossbite, 
open bite, deep overbite, and dental crowding.

sEMG activity was recorded using the Teethan® wireless 
sEMG device, which comprises four differential electrodes 
connected to proprietary analysis software via USB transmis-
sion. Two electrodes recorded the activity of the anterior tem-
poralis muscles (left and right), and two recorded the superfi-
cial masseter muscles (left and right). According to the 
manufacturer, the Teethan® system acquires surface electro-
myographic signals using differential electrodes with integrat-
ed amplification and digital processing. Muscle activity was 
expressed in microvolts (μV), and the software automatically 
processed it to generate a set of standardized functional indi-
ces under two conditions: calibration (clenching on cotton 
rolls) and test (clenching on natural dentition).21,24 The soft-
ware (version 3.1.0) automatically filters, rectifies, and nor-
malizes the signals from the calibration clenching performed 
on cotton rolls, and computes the functional indices from the 
most stable portion of each 5-second maximum voluntary 
clenching task. The manufacturer does not disclose the pro-
prietary sampling frequency, filter characteristics, and sig-
nal-processing algorithms.

2 rev port estomatol med dent cir maxilofac. 2026;67(x) :1-11

ARTICLE IN PRESS



The following indices were analyzed:

–	 Percent Overlapping Coefficient (POC): Quantifies bilat-
eral muscle symmetry for each pair of homologous mus-
cles (masseter and temporalis). This index reflects im-
balance in the evaluated muscle pairs, indicating the 
predominance of either the right or left temporalis mus-
cles (POCt; corresponding to the anterior quadrants) or 
the right or left masseter muscles (POCm; corresponding 
to the posterior quadrants).21,24

–	 Barycenter (BAR): Represents the occlusal barycenter po-
sition by evaluating the overlap between temporalis and 
masseter muscle activity. Unlike the POC, which compares 
analogous muscles, the BAR indicates occlusal force dis-
tribution. For example, posterior BAR values reflect great-
er molar contact and increased masseter activity. 21,25

–	 Torsion: Measures mandibular torsion in the horizontal 
plane, calculated from crossed muscle pairs (right tem-
poralis vs. left masseter and left temporalis vs. right 
masseter).21,25,26

–	 Impact (IMP): Reflects the overall muscular activity and is 
considered an indirect index related to clenching intensity, 
with normal reference values between 100% and 115%. (21,27) 
Actual bite force was not measured directly in this study.

–	 Asymmetry (ASIM): Compares total right-side and left-
side muscle activation. Positive values indicate right-
side predominance; negative values indicate left-side 
predominance.21,27

A single trained operator performed all recordings fol-
lowing the manufacturer’s standardized protocol to ensure 
methodological consistency. Before electrode placement, 
the skin was cleaned with 70% isopropyl alcohol to reduce 
impedance and improve signal quality. The wireless differ-
ential electrodes were used according to the manufacturer’s 
specifications and were positioned directly on the skin with-
out additional conductive gel. The anterior temporalis mus-
cle electrodes were placed by identifying the anterior bundle 
through palpation while the participant clenched. These 
electrodes were positioned near the coronal suture, approx-
imately 2 cm from the zygomatic process. Similarly, the su-
perficial masseter muscle electrodes were placed by palpat-
ing the muscle belly during clenching, positioning them 
parallel to the muscle fibers along the line connecting the 
outer corner of the eye to the mandibular angle. Symmetri-
cal electrode positioning was maintained between the left 
and right sides, following the manufacturer’s instructions 
(Figures 1 and 2).

Figure 1. Placement of the temporal and masseter 
muscle electrodes – frontal view.

Figure 2. Placement of the temporal and masseter 
muscle electrodes – right lateral view.
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All recordings were performed in the same quiet clinical 
room under standardized environmental conditions, with par-
ticipants tested at similar times of day to minimize potential 
circadian influences. The three body postures were assessed 
in a fixed sequence—seated, standing, and supine—for all par-
ticipants. Before data acquisition, participants were familiar-
ized with the task through practice attempts and standardized 
verbal instructions. They were also asked to avoid strenuous 
physical exercise and caffeinated beverages for at least 2 hours 
before testing.

Calibration was performed with participants in the sitting 
posture, in accordance with the manufacturer’s instructions. 
Two cotton rolls were placed bilaterally in the posterior region 
(premolar–molar area), and participants were instructed to 
maintain maximal voluntary clenching for 5 seconds. They 
were instructed to perform each clench in maximum intercus-
pation and received standardized verbal instructions during 
all recordings, including verbal encouragement to ensure max-
imum effort. The same operator repeated this calibration pro-
cedure three times to ensure accuracy. The manufacturer does 
not disclose the algorithm by which the proprietary software 
combines the three calibration acquisitions to derive the nor-
malization reference.

Following calibration, the same trained operator recorded 
a total of nine 5-second maximal voluntary contraction trials. 
Participants clenched without cotton rolls in three consecutive 
trials in each of the three evaluated postures:

1.	 Sitting: The participant was seated with their torso per-
pendicular to the floor, legs uncrossed, hands resting 
on their knees, and head aligned in a neutral position.

2.	 Standing: The participant stood upright with feet 
shoulder-width apart, arms relaxed alongside their 
body, and head straight.

3.	 Supine: The participant lay in a fully reclined dental 
chair (backrest angle approximately 180°) without the 
use of additional pillows. The chair headrest was ad-
justed individually to support the head and maintain 
a comfortable neutral cervical posture, with the face 
oriented upward.

In all postures, participants were instructed to maintain a 
relaxed, natural head and neck position without intentional 
flexion or extension. A standardized rest interval of approxi-
mately 1 minute was allowed between consecutive trials and 
posture changes to minimize muscle fatigue. Perceived fatigue 
and discomfort were not formally assessed using a standard-
ized scale; however, no spontaneous complaints of pain, dis-
comfort, or fatigue were reported during the experimental 
session. The sEMG electrodes remained attached throughout 
all nine trials across the three postures. Intra-observer agree-
ment was not formally evaluated.

Following each recording session, the software generated 
a comprehensive report containing all the indices described 
above, minimizing the influence of external factors. (21) A total 
of 279 sEMG recordings were obtained across the three body 
postures (sitting, standing, and supine).

Before statistical analysis, the exported data were checked 
for transcription errors, implausible values, missing data, and 

outliers. Range checks and visual inspection of distributions 
were performed to confirm the plausibility of the descriptive 
results. These checks did not exclude any recordings, and all 
279 acquisitions were retained for analysis.

Descriptive statistics were calculated from participant-lev-
el averages across trials for each posture, whereas reliability 
and repeated-measures analyses used all individual trials. 
Body postures were assessed in a fixed sequence (sitting, 
standing, and supine) to maintain a consistent experimental 
workflow. Descriptive statistics included mean, standard de-
viation, minimum, maximum, median, and interquartile range 
calculated for each index by body posture. Data distribution 
and plausibility were assessed visually using boxplots.

Reliability was assessed using ICCs based on a two-way 
mixed-effects model, absolute agreement, and average-mea-
sures interpretation across the three repeated trials, with cor-
responding 95% CIs. Because the intended clinical application 
corresponds to the mean of repeated trials rather than a single 
trial, average-measures coefficients [ICC(3,k)] were selected as 
the primary reliability estimate; accordingly, these values re-
flect the reliability of the mean of three trials, not a single 
measurement. The ICC values were interpreted as follows: 
excellent (> 90%), good (71–90%), moderate (51–70%), fair (31–
50%), and poor (< 31%). Measurement error was characterized 
by the standard error of measurement (SEM; calculated as the 
within-subject standard deviation), the minimal detectable 
change at the 95% confidence level (MDC95 = 1.96 × √2 × SEM), 
and the within-subject coefficient of variation. Single-measure 
ICCs [ICC(3,1)] were derived alongside the average-measure 
coefficients. Within-session agreement across repeated trials 
was assessed with Bland–Altman limits of agreement.

A 3 × 3 repeated-measures factorial ANOVA was performed 
for each functional index, with body posture (sitting, supine, 
and standing) and trial repetition (trials 1–3) as within-subject 
factors. Main effects of body posture and trial repetition, as 
well as the posture–trial interaction, were evaluated. Spheric-
ity was verified with Mauchly’s test; when violated, Green-
house–Geisser corrections were used. Pairwise comparisons 
were adjusted using the Bonferroni correction as needed. Ef-
fect sizes were reported using partial η². Residual normality 
was inspected using Shapiro–Wilk tests and Q–Q plots. When 
normality assumptions were markedly violated, non-paramet-
ric Friedman tests with Holm-adjusted Conover post-hoc com-
parisons were conducted as sensitivity analyses. Pearson’s 
correlation coefficients were calculated as supplementary 
analyses to describe pairwise associations between repeated 
trials within each body posture. These correlations were not 
interpreted as agreement estimates.

Paired mean differences and 95% CIs were calculated for the 
statistically significant posture comparisons. Statistical signif-
icance was set at α = 0.05. All analyses were performed using 
SPSS Statistics software, version 29.0 (IBM Corp., Chicago, USA).

Results

Thirty-one healthy participants were included in the analy-
sis: 22 women and 9 men, with a mean age of 37.0 ± 11.0 years 
(range, 21–60 years). All participants exhibited complete natu-
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ral dentition and reported no temporomandibular pain or 
dysfunction based on the screening questionnaire. A total of 
279 sEMG recordings were obtained across the three body 
postures (sitting, standing, and supine).

Table 1 summarizes the mean (μ) and standard deviation (σ) 
for age and each functional index, overall and according to 
body posture, using participant-level averages across the three 
repeated trials within each posture. Table 2 presents the me-
dian, interquartile range, minimum, and maximum values for 
all functional indices according to body posture. Median values 
were highly comparable across sitting, supine, and standing 
postures, with only POCm showing a modest reduction in the 
supine posture and IMP exhibiting greater dispersion and 
higher extreme values. Overall, these descriptive statistics 
support the substantial overlap and clinical stability of the 
evaluated sEMG indices across postures.

Figure 3 displays boxplots of the six functional indices ac-
cording to body posture. The plots demonstrate considerable 
overlap in medians and interquartile ranges among postures, 
confirming similar distributions across variables. IMP showed 
greater variability and several upper outliers, whereas POCm 
showed a slight downward shift in the supine posture.

Overall ICC values were excellent for all measured indices, 
ranging from 92.2% to 96.8%, indicating high within-session 
reliability of the average of the three repeated trials. When 

analyzed by body posture, POCm and ASIM maintained excel-
lent ICC values across all postures, while the remaining indices 
showed good-to-excellent ICC values depending on posture 
(Table 3).

Table 4 presents the results of the 3 × 3 repeated-measures 
factorial ANOVA used to evaluate the effects of body posture, 
trial repetition, and the posture–trial interaction on POCt, 
POCm, BAR, TORS, IMP, and ASIM. No significant main effect of 
trial repetition or posture–trial interaction was observed for 
any functional index, indicating no evidence of systematic fa-
tigue or learning effects across repeated clenching trials. A 
significant main effect of body posture was observed only for 
POCm (F(2,60) = 5.02, p =.010, η²p =.143), with higher values in 
the sitting posture than in the supine posture (p =.017). No 
statistically significant body-posture effects were observed for 
POCt, BAR, TORS, IMP, or ASIM.

Pearson correlation coefficients were calculated as supple-
mentary analyses to describe pairwise associations between 
repeated trials within each body posture (Table 5). Most pair-
wise correlations were positive and statistically significant, 
indicating moderate-to-strong associations among repeated 
measurements. The lowest association was observed for TORS 
in the sitting posture, with a correlation range of 0.32–0.69 and 
one non-statistically significant pairwise comparison. Because 
correlation does not assess agreement, these results were in-

Table 1. Mean and standard deviation of age and surface electromyographic functional indices.

Index
Mean (μ) Standard deviation (σ)

Overall Sitting Supine Standing Overall Sitting Supine Standing

Age 37.03 – – – 11.03 – – –

POCt 68.24 70.74 66.54 67.42 21.28 17.35 23.35 23.10

POCm 61.46 64.18 58.43 61.79 28.34 25.44 29.74 30.23

BAR 63.50 63.33 62.82 64.36 17.45 16.99 18.28 17.59

TORS 75.57 77.33 74.05 75.33 17.28 12.88 18.57 19.99

IMP 127.06 122.15 123.91 135.13 81.38 64.58 79.88 98.26

ASIM -8.06 -7.38 -7.49 -9.30 31.53 28.69 32.64 34.01

Values for POCt, POCm, BAR, TORS, IMP, and ASIM were calculated from participant-level averages across the three repeated trials within 
each body posture. Overall values were calculated across participant-level posture averages. ASIM – asymmetry index; BAR – barycenter 
index; IMP – impact index; POCm – masseter symmetry index; POCt – temporal symmetry index; TORS – torsion index.

Table 2. Median, interquartile range, minimum, and maximum values of surface electromyographic functional indices.

Index Sitting (median [IQR], min-max) Supine (median [IQR], min-max) Standing (median [IQR], min-max)

POCt 78.82 [24.44], 16.37–88.92 79.94 [32.05], 2.14–88.62 80.50 [29.13], 2.84–88.26

POCm 76.99 [30.89], 0.81–88.57 66.69 [40.19], 0.14–88.48 77.21 [42.45], 0.09–88.26

BAR 63.03 [17.74], 23.24–90.03 58.87 [27.11], 27.37–88.58 67.24 [27.18], 23.48–90.62

TORS 81.87 [14.78], 46.49–91.36 79.50 [16.60], 2.82–91.16 82.60 [17.42], 4.29–92.10

IMP 101.73 [83.19], 24.74–314.99 111.53 [79.36], 22.06–425.97 117.81 [91.14], 14.04–535.75

ASIM -1.57 [41.10], -80.58–52.00 -4.58 [37.99], -87.52–72.78 -7.70 [41.51], -85.15–74.77

Values were calculated from participant-level averages across the three repeated trials within each body posture. ASIM – asymmetry index; 
BAR – barycenter index; IMP – impact index; IQR – interquartile range; POCm – masseter symmetry index; POCt – temporal symmetry index; 
TORS – torsion index.
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terpreted as supplementary association analyses rather than 
primary reliability estimates.

Single-measure reliability [ICC(3,1)] ranged from 79.8% to 
91.0% overall, consistent with the average-measure estimates 
[ICC(3,k)] reported above. Measurement error was small rela-
tive to each index’s range. Overall, the SEM (defined as the 
within-subject standard deviation) ranged from 7.0 (TORS) to 
29.4 (IMP), the MDC95 from 19.4 to 81.6, and the within-subject 

coefficient of variation from 9.3% to 23.1% for the magni-
tude-based indices. The signed asymmetry index (ASIM) was 
excluded from the coefficient of variation. Table 6 presents the 
corresponding single-measure coefficients and error metrics 
by body posture.

Bland–Altman analysis of the repeated trials showed neg-
ligible systematic bias for all indices, with the limits of agree-
ment displayed in Figure 4. The significant body-posture effect 

Table 3. Intraclass correlation coefficients and corresponding 95% confidence intervals.

Index
ICC

Overall Sitting Supine Standing

POCt 94.6% [92.4; 96.3] /  
85.4% [80.2; 89.7]

81.7% [66.8; 90.6] /  
59.8% [40.1; 76.3]

98.1% [96.6; 99.0] /  
94.5% [90.4; 97.1]

98.4% [97.0; 99.2] /  
95.3% [91.5; 97.6]

POCm 96.5% [95.1; 97.6] /  
90.2% [86.6; 93.1]

92.2% [85.9; 96.0] /  
79.8% [67.0; 88.9]

97.0% [94.5; 98.5] /  
91.5% [85.1; 95.6]

99.4% [99.0; 99.7] /  
98.2% [97.1; 99.1]

BAR 92.2% [89.0; 94.6] /  
79.8% [73.0; 85.4]

81.8% [66.9; 90.6] /  
60.0% [40.3; 76.3]

96.7% [94.0; 98.3] /  
90.7% [83.9; 95.1]

97.5% [95.4; 98.7] /  
92.9% [87.4; 96.2]

TORS 94.5% [92.2; 96.2] /  
85.1% [79.8; 89.4]

78.1% [60.2; 88.7] /  
54.3% [33.5; 72.3]

97.5% [95.5; 98.7] /  
92.9% [87.6; 96.2]

98.7% [97.7; 99.4] /  
96.2% [93.4; 98.2]

IMP 95.6% [93.9; 97.0] /  
87.9% [83.7; 91.5]

88.2% [78.6; 93.9] /  
71.4% [55.0; 83.7]

96.6% [93.8; 98.2] /  
90.4% [83.5; 94.8]

98.3% [96.9; 99.1] /  
95.1% [91.2; 97.3]

ASIM 96.8% [95.5; 97.8] /  
91.0% [87.6; 93.7]

91.3% [84.2; 95.5] /  
77.8% [64.0; 87.6]

98.7% [97.6; 99.3] /  
96.2% [93.1; 97.9]

99.2% [98.5; 99.6] /  
97.6% [95.6; 98.8]

ICC values refer to average measures across the three repeated trials and are presented overall and according to body posture. ASIM – asymmetry 
index; BAR – barycenter index; CI – confidence interval; ICC – intraclass correlation coefficient; IMP – impact index; POCm – masseter symmetry 
index; POCt – temporal symmetry index; TORS – torsion index. Within each cell, values are presented as average-measure ICC(3,k) / single-measure 
ICC(3,1), each with its 95% CI.

Figure 3.  Boxplots of the POCt, POCm, TORS, IMP, BAR, and ASIM indices according to body posture. Values represent 
participant-level averages across the three repeated trials within each posture. The plots illustrate the median, 
interquartile range, and overall distribution for each index.
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Table 4. Results of the 3 × 3 repeated-measures factorial ANOVA.

Variable Effect F(df) p value Partial η²

POCt Body posture
Trial repetition
Posture–trial interaction

F(2,60) = 1.43
F(2,60) = 0.17

F(4,120) = 0.58

.247

.846

.677

.045

.006

.019

POCm Body posture
Trial repetition
Posture–trial interaction

F(2,60) = 5.02
F(2,60) = 1.44

F(4,120) = 1.61

.010

.245

.175

.143

.046

.051

BAR Body posture
Trial repetition
Posture–trial interaction

F(2,60) = 0.31
F(2,60) = 2.14

F(4,120) = 0.75

.738

.127

.562

.010

.067

.024

TORS Body posture
Trial repetition
Posture–trial interaction

F(2,60) = 0.84
F(2,60) = 0.99

F(4,120) = 0.49

.438

.377

.747

.027

.032

.016

IMP Body posture
Trial repetition
Posture–trial interaction

F(2,60) = 1.62
F(2,60) = 0.68

F(4,120) = 0.30

.207

.509

.876

.051

.022

.010

ASIM Body posture
Trial repetition
Posture–trial interaction

F(2,60) = 0.34
F(2,60) = 0.07

F(4,120) = 1.15

.710

.933

.336

.011

.002

.037

The model evaluated the effects of body posture, trial repetition, and posture–trial interaction on each functional index. Body posture included 
sitting, supine, and standing conditions; trial repetition included trials 1–3 within each posture. ASIM – asymmetry index; BAR – barycenter 
index; df – degrees of freedom; IMP – impact index; POCm – masseter symmetry index; POCt – temporal symmetry index; TORS – torsion index. 
For the significant main effect of body posture on POCm, the paired mean difference between the sitting and supine postures was 5.75 
percentage points (95% CI, 1.82 to 9.67).

Figure 4. Bland–Altman plots of within-session agreement between the first two repeated trials for the six functional 
indices (POCt, POCm, BAR, TORS, IMP, and ASIM). The solid line denotes the mean difference (bias), and the dashed 
lines denote the 95% limits of agreement.
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on POCm corresponded to a paired mean difference of 5.75 
percentage points (95% CI, 1.82 to 9.67) between the sitting 
and supine postures. Single-measure reliability was posture
‑dependent: in the sitting posture it decreased to the moderate 
range for several indices (e.g., POCt 59.8%, BAR 60.1%, TORS 
54.6%), whereas it remained good to excellent in the supine 
and standing postures (Table 6). The impact index (IMP) 
showed the largest measurement error, with a overall MDC95 
of 81.6 and a within-subject coefficient of variation of 23.1%.

Discussion

The present study investigated the within-session repeatabil-
ity of a wireless sEMG system (Teethan®) and the potential 
influence of body posture on masticatory muscle activity dur-
ing maximum voluntary clenching. The results demonstrated 
excellent overall within-session reliability for all functional 
indices, with ICC values exceeding 90%. The only statistically 
significant variation was in POCm, which was slightly higher 
in the sitting posture than in the supine. These findings indi-
cate that the evaluated functional indices demonstrated high 
within-session repeatability and were minimally influenced 
by body posture under the conditions of this study. Because 
no comparison with a conventional multichannel electromy-
ography system was performed, the present results should 
not be interpreted as evidence of criterion validity.

The high repeatability observed is consistent with a previ-
ous report demonstrating acceptable within-session repeat-
ability of these functional indices. (21) However, repeatability 

reflects measurement consistency and should not be equated 
with validity or diagnostic utility. A previous pilot study (21) 

revealed strong within-subject correlations across repeated 
trials, consistent with the present results.

By extending the evaluation to three body postures, the pres-
ent study expands on previous evidence, demonstrating that 
sEMG functional indices exhibit robust repeatability and are 
largely unaffected by postural variations. These results suggest 
that body posture had limited influence on most Teethan®-de-
rived indices under the present experimental conditions. The 
only exception was a modest increase in POCm in the sitting 
posture compared with the supine posture (F(2,60) = 5.02, p = 
0.010, η²p = 0.143). This difference may reflect posture-related 
variation in masseter recruitment and cervico-mandibular 
co-activation, consistent with previous electromyographic stud-
ies describing postural modulation of jaw and neck muscle ac-
tivity in healthy adults.25,29 Nevertheless, because a fixed pos-
ture sequence was implemented, potential order, learning, or 
accommodation effects cannot be ruled out.26

Prior work established that standardized protocols, opera-
tor consistency, and accurate electrode placement are critical 

Table 5. Pearson correlation coefficients between 
repeated trials within each body posture.

Variable Body posture r range p value range

POCt Sitting
Supine
Standing

0.44–0.75
0.93–0.96
0.95–0.96

<.001–.013
<.001
<.001

POCm Sitting
Supine
Standing

0.72–0.96
0.85–0.96
0.98–0.99

<.001
<.001
<.001

BAR Sitting
Supine
Standing

0.42–0.85
0.87–0.95
0.92–0.94

<.001–.018
<.001
<.001

TORS Sitting
Supine
Standing

0.32–0.69
0.91–0.96
0.95–0.97

<.001–.082
<.001
<.001

IMP Sitting
Supine
Standing

0.60–0.90
0.89–0.94
0.95–0.98

<.001
<.001
<.001

ASIM Sitting
Supine
Standing

0.66–0.89
0.96–0.97
0.97–0.98

<.001
<.001
<.001

Values represent the range of pairwise Pearson correlation coefficients 
between trials 1–3 for each functional index and body posture.  
ASIM – asymmetry index; BAR – barycenter index; IMP – impact 
index; POCm – masseter symmetry index; POCt – temporal symmetry 
index; TORS – torsion index. Pearson correlation coefficients describe 
associations between repeated trials and should not be interpreted as 
agreement estimates.

Table 6. Standard error of measurement (SEM), minimal 
detectable change (MDC95), and within-subject 
coefficient of variation (CV%) of the functional indices, 
overall and by body posture.

Index
Body 

posture
SEM MDC95 CV%

POCt Overall
Sitting
Supine
Standing

8.54
12.74
5.51
5.01

23.67
35.31
15.29
13.88

12.5%
18.0%
8.3%
7.5%

POCm Overall
Sitting
Supine
Standing

9.15
12.22
8.83
4.01

25.36
33.87
24.48
11.12

14.9%
19.4%
15.2%
6.6%

BAR Overall
Sitting
Supine
Standing

8.42
12.46
5.70
4.77

23.34
34.54
15.81
13.22

13.3%
19.8%
9.4%
7.6%

TORS Overall
Sitting
Supine
Standing

7.00
10.36
5.04
3.90

19.40
28.71
13.96
10.82

9.3%
13.4%
6.9%
5.1%

IMP Overall
Sitting
Supine
Standing

29.45
38.01
25.27
21.96

81.64
105.35
70.03
60.88

23.1%
31.0%
20.7%
16.5%

ASIM Overall
Sitting
Supine
Standing

9.73
14.53
6.38
5.22

26.98
40.26
17.67
14.46

–
–
–
–

ASIM – asymmetry index; BAR – barycenter index; CV% – with-
in-subject coefficient of variation, computed as the within-subject 
standard deviation divided by the grand mean; IMP – impact index; 
MDC95 – minimal detectable change at the 95% level (1.96 × √2 × SEM); 
POCm – masseter symmetry index; POCt = temporal symmetry index; 
SEM – standard error of measurement (equal to the within-subject 
standard deviation); TORS – torsion index. CV% is not reported for 
ASIM, a signed index centered near zero. Values are expressed in the 
native units of each index.
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for reliable sEMG of masticatory muscles and that standard-
ized indices can improve analytical reliability.25,26,28 The pilot 
investigation evaluating the repeatability of Teethan® indexes 
during maximum voluntary clenching reported generally high 
within-subject repeatability of the device, although with vari-
ability across indices, and confirmed the usefulness of pair-
wise correlations for quantifying within-session stability.21

The literature on the clinical discriminative validity of 
sEMG for TMDs remains inconsistent. Some investigations 
have reported asymmetry or activity differences between 
TMD patients and controls, whereas others have not iden-
tified significant asymmetry despite variations in overall 
muscle activity.30-33 A recent systematic review highlighted 
that methodological heterogeneity, particularly regarding 
electrode positioning and data processing, contributes to 
divergent results.34 In this context, the present investigation 
was intentionally limited to assessing repeatability and pos-
ture effects in healthy, fully dentate volunteers, represent-
ing a necessary step before exploring diagnostic or prognos-
tic applications.

Methodologically, the present study followed a strict with-
in-session design (three trials per posture, electrodes kept sta-
ble), in accordance with prior recommendations stressing the 
importance of operator expertise and electrode positioning for 
reproducibility.26,34 ICC estimates were used as the primary 
reliability measure, while Pearson correlations were interpret-
ed only as supplementary descriptions of associations among 
repeated trials. Compared with previous studies restricted to 
a single posture during maximum clenching21, the present 
three-posture framework suggests that the evaluated indices 
can be recorded consistently across standardized body pos-
tures within a single session. However, these findings should 
not be interpreted as evidence that posture standardization is 
unnecessary.

Despite its strengths, this study has several limitations to 
consider when interpreting its findings. The sample consisted 
exclusively of healthy dentate adults without self-reported 
TMD symptoms. Participants were screened for temporoman-
dibular pain or dysfunction using a validated questionnaire 
rather than a complete DC/TMD clinical examination; there-
fore, subclinical or undiagnosed temporomandibular disorders 
cannot be fully excluded. The unequal sex distribution may 
have contributed to interindividual variability and may limit 
the generalizability of the findings. Although the repeat-
ed-measures design reduced the influence of between-partic-
ipant characteristics on posture comparisons, the study was 
not specifically designed or powered to investigate sex-related 
differences in the electromyographic indices.

The investigation was limited to within-session repeatabil-
ity, so it did not evaluate between-session or inter-operator 
reliability. Previous sEMG studies also highlight the importance 
of assessing repeatability across serial or repeated maximum 
voluntary contraction recordings.35,36 The results, therefore, 
apply primarily to controlled, short-term conditions. Although 
a single trained operator performed all measurements during 
the same session and without electrode repositioning, in-
tra-observer agreement was not formally assessed. Therefore, 
residual operator-related measurement variability cannot be 
completely excluded.

The electromyographic recordings were obtained only 
during maximum voluntary clenching and cannot be extrap-
olated to other functional tasks or mandibular activities. Body 
postures were assessed in a fixed sequence rather than in ran-
domized order; therefore, potential learning, accommodation, 
or fatigue effects cannot be excluded and may have contribut-
ed to the modest positional difference observed for POCm. 
Because body posture and measurement order were inherent-
ly confounded in this design, the positional effect observed for 
the masseter symmetry index cannot be causally attributed to 
posture alone. Finally, because no comparison was made with 
a reference electromyography system, the present findings do 
not establish criterion validity.

From a measurement-error standpoint, single-measure 
reliability was posture-dependent, decreasing to the moder-
ate range in the sitting posture for several indices, while re-
maining good to excellent in the supine and standing pos-
tures. Together with the comparatively large minimal 
detectable change and within-subject coefficient of variation 
of the impact index, these findings reinforce the recommen-
dation to base clinical interpretation on the average of re-
peated acquisitions rather than on a single clench, particu-
larly for impact-related readings and when recording in the 
sitting posture.

Future research should extend the analysis to symptom-
atic populations, including patients with temporomandib-
ular disorders, bruxism, or complex prosthetic rehabilita-
tions, to determine whether postural influences or 
neuromuscular asymmetries become more pronounced 
under pathological or functionally altered conditions.37-40 

Moreover, integrating sEMG with digital occlusal mapping 
or three-dimensional kinematic analysis could enhance un-
derstanding of how muscle coordination relates to occlusal 
force distribution and joint loading. Longitudinal research 
assessing sEMG indices before and after prosthodontic 
treatment would clarify whether improved muscle symme-
try correlates with clinical outcomes such as comfort, mas-
ticatory efficiency, and prosthesis longevity. Whether such 
measurements improve diagnostic accuracy, treatment de-
cisions, or clinical outcomes in prosthodontic rehabilitation 
remains to be established.

Conclusions

Within the limitations of this study, surface electromyograph-
ic functional indices derived from the evaluated system 
demonstrated excellent within-session repeatability during 
maximum voluntary clenching in healthy dentate adults. 
Body posture did not significantly influence most indices, ex-
cept for a modest difference in the POCm between sitting and 
supine postures. These findings do not establish criterion va-
lidity, between-session reliability, or applicability to sympto-
matic or prosthodontically rehabilitated populations.
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Influência da postura corporal nos índices 
eletromiográficos durante apertamento  
máximo voluntário

r e s u m o

Objetivos: Avaliar a repetibilidade intrassessão dos índices funcio-

nais eletromiográficos obtidos com o sistema sem fios Teethan® e 

determinar a influência da postura corporal durante o apertamen-

to dentário máximo voluntário.

Métodos: Foram incluídos trinta e um participantes saudáveis com 

dentição natural completa e sem dor ou disfunção temporoman-

dibular autorreportada num estudo com medidas repetidas. Foram 

obtidos registos bilaterais dos músculos masséter e temporal an-

terior com o sistema Teethan® nas posturas sentada, em pé e em 

decúbito dorsal. Em cada postura foram registados três aperta-

mentos consecutivos, sem remoção dos elétrodos. Foram calcula-

das estatísticas descritivas, coeficientes de correlação intraclasse, 

análise de variância para medidas repetidas, comparações com 

correção de Bonferroni e correlações de Pearson como análises 

suplementares de associação.

Resultados: Não se observaram diferenças significativas entre pos-

turas para a maioria dos índices, exceto no índice de simetria do 

masséter, superior na posição sentada face ao decúbito dorsal. 

Como a ordem das posturas foi fixa, este resultado deve ser inter-

pretado com precaução. A maioria das correlações entre repetições 

foi moderada a forte. Os valores globais dos coeficientes de corre-

lação intraclasse para medidas médias variaram entre 92,2% e 

96,8%, indicando excelente fiabilidade. A fiabilidade de medida 

única variou entre 79,8% e 91,0%, o coeficiente de variação intras-

sujeito entre 9,3% e 23,1%, e a análise de Bland–Altman revelou 

viés sistemático desprezável.

Conclusões: Dentro das limitações deste estudo, os índices avalia-

dos apresentaram elevada repetibilidade intrassessão e foram mi-

nimamente influenciados pela postura corporal durante o aperta-

mento máximo voluntário em adultos saudáveis. (Rev Port 

Estomatol Med Dent Cir Maxilofac. 2026;67(x):xxx-xxx)
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