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ABSTRACT

Purpose: To compare the immediate effects of Transcutaneous Electrical Nerve Stimulation (TENS), Laryngeal 
Manual Therapy (LMT), and the combined application of both in women with Muscle Tension Dysphonia 
(MTD), considering vocal symptoms, voice quality, aerodynamic measures, and levels of perceived muscle 
tension on palpation. Methods: This was a randomized clinical trial including women with a speech-language 
diagnosis of MTD, allocated into three intervention groups: TENS, LMT, and TENS+LMT. Participants were 
assessed for vocal symptoms, musculoskeletal pain intensity, perceptual-auditory evaluation of voice quality 
using the GRBAS scale, maximum phonation times (MPT), S/Z ratio, and levels of perceived muscle tension 
on palpation using the Laryngeal Palpatory Scale (LPS). Results: Significant reductions in vocal symptoms, 
including vocal fatigue, and musculoskeletal pain were observed after the interventions, along with increased 
MPT in all groups. In the TENS group, breathiness decreased; in the LMT group, there was a significant reduction 
in overall voice alteration; and in the TENS+LMT group, reductions were observed in overall voice alteration 
and vocal tension. The LPS also showed a significant decrease in perceived muscle tension during phonation 
in the TENS+LMT group. Conclusion: All interventions showed positive effects, with significant reductions 
in vocal symptoms and musculoskeletal pain, as well as increases in MPT. The combined techniques were able 
to provide better vocal adjustments and reduce perceived muscle tension on palpation, demonstrating that both 
approaches were effective in promoting vocal and musculoskeletal benefits.

RESUMO

Objetivo: Comparar os efeitos imediatos da Estimulação Elétrica Nervosa Transcutânea (TENS), da Terapia 
Manual Laríngea (TML) e da aplicação combinada de ambas em mulheres com Disfonia por Tensão Muscular 
(DTM), considerando sintomas vocais, qualidade vocal, medidas aerodinâmicas e níveis de sensação de 
tensão muscular à palpação. Método: Trata-se de um ensaio clínico randomizado. Foram incluídas mulheres 
com diagnóstico fonoaudiológico de Disfonia por Tensão Muscular, alocadas em três grupos de intervenção: 
TENS, TML e TENS+TML. As participantes foram avaliadas quanto aos sintomas vocais, intensidade da dor 
musculoesquelética, avaliação perceptivo-auditiva da qualidade vocal pela escala GRBAS, tempos máximos 
de fonação (TMF), relação S/Z e níveis de sensação de tensão muscular à palpação com o protocolo Laryngeal 
Palpatory Scale (LPS). Resultados: Observou-se redução significativa dos sintomas vocais, incluindo fadiga 
vocal, e de dor musculoesquelética após as intervenções, bem como aumento dos TMF em todos os grupos. No 
grupo TENS, houve redução da soprosidade vocal; no grupo TML, observou-se redução significativa do grau 
geral da alteração vocal; e no grupo TENS+TML, uma redução do grau geral de alteração e da tensão vocal. 
O LPS demonstrou diminuição significativa da sensação de tensão muscular à fonação no grupo TENS+TML. 
Conclusão: Todas as intervenções apresentaram efeitos positivos, com redução significativa dos sintomas 
vocais e da dor musculoesquelética, além do aumento dos tempos máximos de fonação. As técnicas combinadas 
foram capazes de proporcionar melhores ajustes vocais e diminuir a sensação de tensão muscular à palpação, 
evidenciando que ambas as abordagens foram eficazes em promover benefícios vocais e musculoesqueléticos.
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INTRODUCTION

Efficient vocal production depends on a complex system 
involving the muscular action of structures in the vocal tract(1,2). 
When the balance of this mechanism is altered due to excessive 
tension in the perilaryngeal musculature, changes in vocal 
quality and/or vocal complaints may arise, characterizing Muscle 
Tension Dysphonia (MTD)(2-4).

MTD can manifest in various ways such as increased tension 
in the laryngeal muscles and cervical region(1); complaints of 
musculoskeletal pain in the shoulder, neck, back and face(5); 
symptoms related to the clinical picture of vocal fatigue such 
as tiredness when speaking, discomfort in the larynx and/or 
neck when using the voice, worsening of the voice at the end 
of the day, among others(6); changes in vocal quality such as 
roughness, breathiness, compressed and/or tense voice(1-3); 
laryngeal imaging signs such as hyperadduction of vocal 
folds, entry of ventricular bands during phonation, laryngeal 
compensatory mechanisms, glottal gaps during phonation and 
the presence of organofunctional lesions(3,6,7).

Treatment of Muscle Tension Dysphonia (MTD) primarily 
involves reducing excessive muscle tension to promote balanced 
and effortless phonation, and may vary depending on the 
underlying cause identified in each patient (1-4). The literature 
describes the effectiveness of indirect approaches aimed at 
promoting better awareness of the mechanisms involved in 
vocal hyperfunction and direct approaches with techniques for 
relaxing the perilaryngeal muscles and promoting balanced and 
fluid phonation(8-9).

Regarding techniques for relaxing the perilaryngeal region, 
laryngeal massages(10-11), especially Laryngeal Manual Therapy 
(LMT)(10), and the application of Transcutaneous Electrical 
Nerve Stimulation (TENS)(12-13) can be highlighted.

LMT consists of massage with pressure and stretching 
movements of the muscles in the perilaryngeal region, in 
addition to laryngeal manipulation with movements of lowering 
and lateralization(10). The main objective of this technique is to 
relax excessively tense muscles to promote balanced phonation, 
reposition the larynx in the neck and mobilize structures that 
are rigid and have reduced range of motion(11,14). Studies have 
shown evidence that such movements cause changes in vocal 
quality, mainly with regard to tension(15-16).

The application of TENS has also been cited in the literature 
as an effective tool in the treatment of hyperfunctional dysphonia. 
This technique promotes relaxation of the perilaryngeal and 
cervical region, assisting in phonatory balance(13,17-24). The use of 
this resource involves the application of percutaneous electrodes 
to provide excitation of nerve fibers through an electrical current 
in the form of symmetrical or asymmetrical biphasic waves(13). 
TENS can be applied at low(18-20) or high frequency(17-18), weak 
(stimulation at the sensory or sensorimotor threshold) or strong 
intensity (stimulation at the motor threshold) and in different 
stimulation fields, defined by the choice of electrode placement. 
Such adjustments depend on the therapeutic objective of the 
application. Studies point to different stimulation fields in the 
application of TENS for hyperfunctional dysphonia related 
to muscle tension. One example is the use of low-frequency, 

high-intensity TENS at the motor threshold, with electrodes in 
the suprahyoid region and upper muscle fibers of the trapezius 
muscles(18-21). Another example is the application of low-frequency, 
low-intensity TENS at the motor threshold, with electrodes on 
the sides of the thyroid cartilage in the infrahyoid region, and 
in upper muscle fibers of the trapezius muscles(22-23), with or 
without the association of vocal exercises(22-24).

Due to the characteristic of excessive tension in the extrinsic 
laryngeal muscles of individuals with MTD, verifying the 
effectiveness of muscle and vocal rehabilitation methods in 
this population is of great clinical and scientific importance. 
Therefore, the objective of this study was to verify the effects 
of TENS, LMT, and the two techniques combined in women 
with MTD and to compare their effectiveness in relation to vocal 
quality, vocal symptoms, musculoskeletal pain complaints, 
muscle tension levels, and aerodynamic measurements.

METHOD

Study design

This is a randomized clinical trial. The study followed the 
CONSORT recommendations(25). The clinical trial was registered 
on The Brazilian Registry of Clinical Trials (REBEC) platform 
under UTN number: U1111-1229-251. It was also approved by 
the Research Ethics Committee of the Proposing Institution 
under opinion 86530718.7.0000.5345.

Participants

Recruitment was carried out with participants attending the 
Speech-language pathology service, linked to the Santa Casa de 
Misericórdia Hospital Complex in Porto Alegre, referred to the 
voice phonotherapy outpatient clinic. The sample consisted of 
women who met the inclusion criteria and agreed to participate 
in the study. The sample size calculation was based on the study 
by Silverio et al.(18), considering the estimated population of 
54 women attended at the reference service during the data 
collection period (finite population) and adopting a proportion 
of improvement in vocal quality of 50% between the groups 
(60% of one group shows results in better vocal quality before 
the intervention and 10% of the other group shows this result) 
and a minimum power of 80%, the estimate was at least 10 
participants per group, based on a 95% confidence level for the 
interval estimates. All participants signed the Informed Consent 
Form to participate in the research study.

The study included female participants aged 18 to 55 years 
who presented with self-reported vocal complaints. The presence 
of vocal complaints was considered when the participant reported 
voice changes that interfered with their communication or 
well-being. The diagnosis of MTD was established based on 
a combination of clinical findings: presence of muscle tension 
in the perilaryngeal region, verified by the Laryngeal Palpatory 
Scale (LPS) protocol (26), associated with the presence of vocal 
tension identified using the GRBAS auditory-perceptual scale. 
The diagnosis of laryngeal pathologies, when present, was 
used only for sample characterization and was not an exclusion 
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criterion. Participants with cardiac comorbidities, thyroid 
disorders, neurological diagnoses, a history of laryngeal surgery, 
as well as those who were undergoing speech therapy prior to 
or concurrent with the study, were excluded from the research.

The diagnosis of MTD was made by a speech-language 
pathologist specializing in voice and with more than five 
years of clinical experience in the field. The identification of 
the MTD clinical picture occurred through muscle palpation 
examination, in which the participant had to present a level 
of muscle tension in the perilaryngeal region, starting from 
the mild degree (other degrees were considered), according 
to the LPS protocol(26). The presence of vocal tension in the 
auditory-perceptual evaluation, at least of mild degree, according 
to the GRBAS scale(27). The diagnosis of laryngeal pathologies 
was concluded after a videolaryngoscopy examination performed 
by the otolaryngology team of the reference service. During the 
evaluation, participants were questioned about the use of their 
voice in their daily activities. Those who reported using their voice 
as their main work tool were classified as voice professionals, 
according to widely accepted criteria for this characterization 
in scientific and clinical contexts.

Randomization

Randomization was performed using a randomized numbered 
list generated by the website “random.org”(28). A researcher, 
who was not involved in the other stages of the study, allocated 
the participants to the intervention groups according to their 
order of arrival. This distribution was carried out after the 
speech-language pathology diagnosis of MTD was performed.

Assessment procedures

The primary outcome was vocal quality, consisting of 
auditory-perceptual voice analysis. Secondary outcomes were 
assessments of self-perception of vocal symptoms, vocal fatigue, 
and musculoskeletal pain, performed using self-perception 
protocols; aerodynamic measures, assessed by Maximum 
Phonation Times and s/z ratio; and muscle tension levels in 
the perilaryngeal region, assessed by applying the muscle 
palpation protocol(26).

Assessment of vocal quality – auditory-perceptual analysis

For the auditory-perceptual analysis, voice recordings were 
made by emitting the sustained vowels [a] and [i] and counting 
from 1 to 10. Participants were instructed to perform the phonatory 
tasks at their usual speaking frequency. The tasks were performed 
with the participant standing, feet flat on the floor and spine 
erect, in a quiet environment. The emissions were recorded 
directly on a Sony Digital Voice Recorder ICD-PX240 and 
captured with a Karsect HT-9 headset microphone positioned 
4 cm from the speaker’s mouth.

Subsequently, the voices were randomized and sent to three 
blinded evaluators for the treatment groups and intervention 
time points. The evaluators analyzed the vocal quality of the 
participants using the GRBAS protocol(27), scoring the following 
parameters: overall degree of vocal deviation, roughness, 

breathiness, and vocal tension. The asthenia parameter was 
not considered as it was a sample composed of participants 
with vocal tension. The evaluators assessed each parameter as 
follows: 0 – no deviation, 1 – slight deviation, 2 – moderate 
deviation, 3 – severe deviation. The percentages of inter-rater 
agreement for each parameter were: G: 94.6%; R: 91.1%; B: 
91.1%; S: 92.8%. To verify the level of intra-rater agreement, 
20% of the sample of voices chosen randomly by drawing lots 
were repeated. The percentages of intra-rater agreement for 
each evaluator were: evaluator 1: 92.2%; Evaluator 2: 93.8%; 
Evaluator 3: 92.2%. To assess inter- and intra-rater reliability, the 
weighted kappa agreement coefficient was used in conjunction 
with the 95% confidence interval.

Self-perception of vocal symptoms (VSS)

Participants were asked to complete the Vocal Symptoms 
Scale (VSS) protocol(29) consisting of 30 questions that map the 
individual’s vocal symptoms. Responses were scored according 
to a Likert-type scale: zero – never, one – almost never, 
two – sometimes, three – almost always, and four – always. 
The total score, which can range from 0 to 120 points, was 
considered for analysis.

Self-perception of vocal fatigue (VFI)

Vocal Fatigue symptoms were assessed using the Brazilian 
version of the Vocal Fatigue Index (VFI) protocol(30). The protocol 
has nineteen questions scored on a Likert-type scale: zero – never, 
one – almost never, two – sometimes, three – almost always and 
four – always, according to the occurrence of the symptom. The 
total score, which can range from 0 to 76 points, was considered 
for the analysis. The version by Zambon et al.30 was used, as 
data collection began before the publication of the protocol in 
the validated and translated version for Brazilian Portuguese.

Maximum phonation times and s/z relationship

The maximum phonation times (MPT) of the vowels /a/, 
/e/, /i/, /o/ and /u/ and the sounds /s/ and /z/ were timed and 
considered in seconds (31-32). Participants were instructed to 
maintain an orthostatic position with their arms extended along 
their bodies during the emissions. After performing a maximum 
inspiration, participants were instructed to produce phonation 
during maximum expiration, to ensure a measurement with 
maximum phonatory and respiratory efficiency. Two emissions 
of each phoneme were performed, and the longest times emitted 
in each vowel and in the phonemes /s/ and /z/ were considered. 
The timing was performed using an iPhone SE (Apple).

Musculoskeletal pain

The assessment of musculoskeletal pain was performed 
using a protocol based on the Nordic Musculoskeletal 
Symptom Questionnaire – NMSQ(33). This questionnaire relates 
musculoskeletal pain to the body part being investigated and to 
the intensity of the pain reported. For this study, the following 
regions were selected, according to a greater relationship with 
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the clinical picture of MTD: upper back, lower back, temporal 
region, masseter, submandibular region, larynx, anterior and 
posterior neck region(5). Pain intensity was analyzed using an 
analog scale with a length of 100 mm, in which the participant 
marked with a vertical line the point where she reported her 
pain level. The left edge meant no pain and the right edge, the 
worst possible pain.

Assessment of muscle tension level

The assessment of the level of muscle tension sensation 
was carried out using the Laryngeal Palpatory Scale muscle 
palpation protocol(26). At the time of application in the study, 
the Laryngeal Palpation Scale (LPS) protocol did not have 
a validated Brazilian version. For this study, the instrument 
was translated and adapted for clinical application by the 
authors, maintaining the same original assessment parameters. 
This protocol has observational and muscle palpation parameters 
that verify the muscular conditions of perilaryngeal structures, 
which influence the level of muscle tension sensation during 
phonation. The assessment was performed by a speech-language 
pathologist, postgraduate in the area of ​​voice, with more than five 
years of experience in applying the protocol and with clinical 
experience in the area of ​​voice. This measurement methodology 
was chosen according to a similar study(34). The assessment 
of muscle palpation depends on the evaluator’s experience, 
as there is anatomical variation in relation to the evaluator’s 
fingers, differences related to the touch performed on the study 
participant and the configuration of the neck evaluated(35). Muscle 
palpation measurements from the protocol were performed 
with a softer touch (tenderness) and a firmer touch (tightness), 
both at rest and during the phonatory tasks described for each 
parameter, as per the protocol description. In this study, only 
the muscle palpation parameters were considered for the total 
score. Muscle tension levels with a soft touch (tenderness) 
were also analyzed separately at rest and during the phonatory 
tasks of sustained /i/ vowel emission and counting from 1 to 
10. Only the soft touch was chosen because it is similar to the 
type of touch used in Laryngeal Manual Therapy, which was 
used in this study. In addition, the parameters of high laryngeal 
position in the neck and resistance to laryngeal lateralization 
were analyzed.

Intervention procedures

Intervention groups

The research intervention groups were: TENS, LMT, and 
TENS+LMT (association of TENS and LMT, in this order of 
application). Therapies in the three groups were performed twice 
a week for a period of six weeks, totaling twelve individual 
sessions(18-20). Pre-treatment assessments were performed one 
week before the first session, and post-treatment assessments 
were performed one week after the last therapy session. 
During the proposed intervention, participants did not receive 
guidance regarding vocal hygiene nor were they instructed to 
perform exercises at home.

Electrotherapy (TENS)

Electrotherapy was applied according to the study by 
Silverio et al.(18). The equipment used in the application was the 
IBRAMED brand, Neurodyn Portable model. The silicone-carbon 
electrodes (3.0 cm x 4.0 cm) were fixed in the submandibular 
region and in the trapezius muscle, bilaterally. The placement of 
electrodes in the trapezius muscle depended on the therapist’s 
palpation and verification of the region with greater muscle 
tension. The electrodes were positioned perpendicularly to the 
muscle fibers of this region. In the submandibular region, the 
electrodes were fixed in the region just below the chin, taking 
care that the electrodes did not reach the laryngeal region and 
the bony part of the mandible. After fixing the electrodes, 
the participant was placed in a supine position, on a stretcher 
prepared for the application of electrotherapy.

The participant was instructed to maintain a comfortable 
posture. The TENS application lasted 25 minutes, with five 
minutes of adaptation to the stimulus and 20 minutes of 
stimulation. The parameters used were: low-frequency TENS, 
with a symmetrical biphasic square pulse, device adjusted with 
a pulse width T: 200ms and a frequency of 10 Hz. To begin 
electrotherapy, the therapist adjusted the stimulus intensity to 
5mA (milliamperes) for the first three minutes and increased 
it according to the participant’s comfort threshold. In the final 
ten minutes, the therapist maintained the highest intensity at 
the comfort threshold, as indicated by the participant herself, 
so that stimulation at the motor threshold, at a strong intensity, 
was possible.

Laryngeal manual therapy (LMT)

LMT was applied for 24 minutes. The therapist was positioned 
behind the participant and began massaging the sternocleidomastoid, 
suprahyoid, and laryngeal muscles bilaterally, with downward 
circular movements, kneading, and stretching in each muscle 
group, in addition to laryngeal displacement. During the procedure, 
the participant was instructed to remain silent and relaxed(10). In 
the present study, the application of three minutes of massage to 
the sternocleidomastoid muscles was considered; three minutes 
of massage in the suprahyoid region; one minute and thirty 
seconds of application of gliding and lowering movement in 
the laryngeal region. It continued with one minute and thirty 
seconds of application of lateral displacement movement of the 
thyroid region; and repetition of three minutes of massage to the 
sternocleidomastoid muscles. The sequence adopted was based 
on a previous study(36). This sequence was performed twice to 
match the application time of TENS.

Electrotherapy (TENS) followed by laryngeal manual 
therapy (LMT)

Subjects included in this group participated in the two 
interventions sequentially and in the same order. First, TENS was 
applied, but for twelve minutes, with two minutes of adaptation 
to the stimulus and ten minutes of stimulation. Laryngeal Manual 
Therapy was applied next, also for twelve minutes. Three minutes 
of massage was applied to the sternocleidomastoid muscles; three 
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minutes of massage in the suprahyoid region; one minute and 
thirty seconds of gliding and lowering movement in the larynx 
region; and one minute and thirty seconds of lateral displacement 
movement of the thyroid region; repetition of three minutes of 
massage in the sternocleidomastoid muscles(36).

Statistical analysis

Quantitative variables were described by mean and standard 
deviation/standard error, and categorical variables by absolute 
and relative frequencies. The Shapiro-Wilk normality test was 
applied to verify the distribution of the variables.

To compare means between groups, Analysis of Variance 
(ANOVA) was applied. For the comparison of proportions, 
Pearson’s chi-square test, along with analysis of adjusted 
residuals, was used.

The comparison between time points and between groups was 
performed using the Generalized Estimating Equations (GEE) 
model complemented by the Least Significant Difference (LSD) 
test. The linear model was used for variables with a normal 
distribution, and the Tweedie model with a logarithmic function 
was applied for variables with an asymmetrical distribution. All 
results were adjusted for variables that presented p<0.10 in the 
group comparison analysis (voice professional and laryngeal 
diagnoses).

The significance level adopted was 5% (p≤0.05) and the 
analyses were performed using SPSS version 27.0.

RESULTS

According to Figure 1, 44 women were included in the study, 
of whom 28 completed all stages of the study. The participants 

were distributed into the groups according to the randomization 
performed in the research study.

According to Table 1, which characterizes the sample, there 
was no statistically significant difference between the groups 
regarding the average age of the participants. A statistically 
significant difference was found between the groups regarding 
the use of professional voice and laryngeal pathologies.

Regarding the auditory-perceptual evaluation, as shown 
in Table  2, there was an improvement in the overall vocal 
quality parameter in both the LMT group and the TENS+LMT 
group. The TENS group did not show a statistically significant 
difference. No statistically significant change was found in 
the roughness parameter in the evaluated groups. However, in 
the breathiness parameter, a statistically significant decrease 
was detected in the TENS group. There was an increase in the 
TENS+LMT group, with a statistically significant difference 
observed in the comparison between groups. Regarding vocal 
tension, only the TENS+LMT group showed a statistically 
significant improvement.

Table  3 demonstrated a statistically significant increase 
in Maximum Phonation Time (MPT) after intervention in all 
evaluated groups; no statistically significant difference was 
found between them. In the Vocal Symptom Scale (VSS) and 
the Vocal Fatigue Index (VFI) protocol, all groups significantly 
reduced their scores after intervention. However, no statistically 
significant difference was detected between them. The S/Z Index 
did not show a statistically significant change.

Regarding the intensity of musculoskeletal pain self-reported 
by the participants, as shown in Table 4, the evaluated regions 
of upper back, lower back, masseter muscle, and posterior neck 
showed a statistically significant decrease after the interventions 
in all groups. In the submandibular region, the TENS and LMT 

*Withdrawal: Participants who interrupted the study before the completion of the planned interventions, regardless of the reason
Figure 1. Flowchart of research participants
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groups did not show a statistically significant change. In the 
anterior neck region, the LMT group showed no change in the 
analysis. In the larynx region, improvement was observed in the 
LMT and TENS+LMT groups, with a statistically significant 
difference when compared to the TENS group.

In Table 5, when analyzing the levels of muscle tension 
sensation upon palpation, a reduction was observed in all 
groups evaluated in the total score. During palpation at rest, 
a decrease in muscle tension sensation was observed in the 
submental region in the TENS and LMT groups; a decrease 
in the left infrahyoid region; a decrease in the right infrahyoid 
region except in the TENS+LMT group. The left cricothyroid 
showed a decrease except in the TENS group; a reduction in the 
right cricothyroid in all groups with a statistically significant 
difference between the groups; and the sternocleidomastoid 
muscle region showed a reduction on the left and right except 
in the LMT group. When analyzing the levels of muscle tension 

sensation during palpation during phonation, a reduction was 
observed in the submental region in all groups; the left and 
right infrahyoid regions showed a reduction in the LMT and 
TENS+LMT groups with a statistically significant difference 
between the groups; and the left cricothyroid region showed a 
significant reduction when comparing the groups. In the right 
cricothyroid region, improvement was observed in all groups; 
in the left sternocleidomastoid muscle region, all groups showed 
improvement. A statistically significant difference was observed 
between the groups; in the right sternocleidomastoid muscle 
region, no reduction was observed in the TENS group, and a 
significant difference was found when comparing the TENS 
group with the other two groups.

Regarding the parameters of high laryngeal position in 
the neck and resistance to laryngeal lateralization, there was a 
significant decrease in all groups after the interventions, with 
no difference between them.

Table 1. Characterization of the studied groups, according to age, profession and laryngeal characteristics

Variables
TENS
(n=9)

LMT (n=10) TENS+LMT (n=9) P-value

Age (years) – mean ± SD 40.7 ± 8.1 41.9 ± 11.1 41.8 ± 12.0 0.963
Voice professional – n (%) 0.001

Yes 6 (66.7) 0 (0.0) 7 (77.8)*
No 3 (33.3) 10 (100)* 2 (22.2)

Laryngeal diagnosis – n(%) 0.099
No change 2 (22.2) 8 (80.0) 3 (33.3)
Vocal cyst 1 (11.1) 2 (20.0) 1 (11.1)

Vocal nodules 3 (33.3) 0 (0.0) 3 (33.3)
Vocal gap 3 (33.3) 0 (0.0) 2 (22.2)

*Statistically significant association by the adjusted residuals test at a 5% significance level

Table 2. Auditory-perceptual analysis with intragroup comparison (before and after therapeutic interventions) and between the studied groups: 
TENS, LMT, and TENS+LMT adjusted for voice professionals and laryngeal diagnoses

Variables
TENS LMT TENS+LMT

p -value
Mean ± SE Mean ± SE Mean ± SE

G
Pre 1.94 ± 0.20 1.72 ± 0.16 1.63 ± 0.26 0.764
Post 1.48 ± 0.18 1.30 ± 0.14 1.27 ± 0.15 0.406

Pre-Post Difference 0.45 (-0.03 a 0.94) 0.42 (0.10 a 0.74) 0.35 (0.02 a 0.69) 0.972
p -value 0.066 0.011 0.038

R
Pre 1.56 ± 0.17 1.44 ± 0.12 1.68 ± 0.25 0.416
Post 1.26 ± 0.17 1.24 ± 0.08 1.19 ± 0.18 0.754

Pre-Post Difference 0.29 (-0.22 a 0.81) 0.20 (-0.05 a 0.46) 0.50 (-0.04 a 1.03) 0.640
p -value 0.264 0.113 0.068

B
Pre 1.23 ± 0.41 0.45 ± 0.24 0.22 ± 0.14 0.083
Post 0.46 ± 0.19ab 0.10 ± 0.09b 0.66 ± 0.22a 0.015

Pre-Post Difference 0.77 (0.14 a 1.41)b 0.35 (-0.11 a 0.81)b -0.44 (-0.88 a 0.00)a 0.007
p -value 0.017 0.134 0.051

S
Pre 1.36 ± 0.17 1.50 ± 0.19 1.33 ± 0.16 0.857
Post 1.14 ± 0.19 1.30 ± 0.17 0.89 ± 0.19 0.353

Pre-Post Difference 0.22 (-0.20 a 0.64) 0.20 (-0.05 a 0.46) 0.46 (0.12 a 0.79) 0.433
p -value 0.310 0.112 0.007

a, b, cIdentical letters do not differ by the Least Significant Difference (LSD) test at a 5% significance level
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Table 3. Comparison of aerodynamic measurements and vocal symptoms within groups (before and after therapeutic interventions) and between 
the studied groups: TENS, LMT, and TENS+LMT adjusted for voice professionals and laryngeal diagnoses

Variables
TENS LMT TENS+LMT

p -value
Mean ± SE Mean ± SE Mean ± SE

MPT total
Pre 7.81 ± 0.73 9.51 ± 1.39 8.96 ± 1.12 0.205
Post 10.8 ± 1.38 11.9 ± 1.56 11.4 ± 0.77 0.946

Pre-Post Difference -2.95 (-5.19 a -0.71) -2.42 (-3.95 a-0.89) -2.41 (-4.16 a -0.66) 0.918
p -value 0.010 0.002 0.007

S/Z Ratio
Pre 1.12 ± 0.08 1.00 ± 0.05 1.14 ± 0.09 0.410
Post 0.99 ± 0.08 1.07 ± 0.08 1.05 ± 0.08 0.808

Pre-Post Difference 0.13 (-0.03 a 0.29) -0.04 (-0.26 a 0.18) 0.09 (-0.13 a 0.31) 0.120
p -value 0.112 0.696 0.416

VSS
Pre 58.0 ± 8.38 55.8 ± 7.06 54.8 ± 3.66 0.629
Post 26.6 ± 5.76 20.3 ± 4.69 28.2 ± 4.81 0.579

Pre-Post Difference 31.4 (12.1 a 50.8) 35.5 (20.5 a 50.5) 26.6 (19.1 a 34.0) 0.553
p -value 0.001 <0.001 <0.001

VFI
Pre 45.5 ± 5.01 48.1 ± 3.98 44.5 ± 2.23 0.940
Post 23.9 ± 4.98 23.5 ± 3.88 24.2 ± 2.92 0.721

Pre-Post Difference 21.6 (10.9 a 32.2) 24.6 (16.2 a 33.0) 20.3 (14.4 a 26.2) 0.718
p -value <0.001 <0.001 <0.001

Key: MPT = Maximum Phonation Time; LMT = Laryngeal Manual Therapy; VSS = Vocal Symptom Scale; VFI = Vocal Fatigue Index

Table 4. Comparison of musculoskeletal pain in different body regions within groups (before and after therapeutic interventions) and between the 
groups studied: TENS, LMT, and TENS+LMT adjusted for voice professionals and laryngeal diagnoses

Body Regions
TENS LMT TENS+LMT

p -value
Mean ± SE Mean ± SE Mean ± SE

Upper back
Pre 59.3 ± 8.96 50.9 ± 11.9 53.8 ± 10.8 0.609
Post 20.5 ± 7.56 17.9 ± 6.46 15.1 ± 4.47 0.773

Pre-Post Difference 38.8 (15.3 a 62.4) 33.0 (9.83 a 56.2) 38.7 (15.3 a 62.1) 0.895
p -value 0.001 0.005 0.001

Lower back
Pre 40.0 ± 9.18 48.2 ± 14.0 53.8 ± 10.8 0.319
Post 27.4 ± 9.57 16.2 ± 8.70 19.0 ± 5.94 0.255

Pre-Post Difference 12.6 (1.51 a 23.7) 32.1 (9.74 a 54.4) 34.9 (12.6 a 57.1) 0.131
p -value 0.026 0.005 0.002
Temporal

Pre 39.9 ± 16.2 61.8 ± 25.3 17.4 ± 5.62 0.061
Post 11.7 ± 4.52 5.76 ± 4.29 7.13 ± 4.92 0.756

Pre-Post Difference 28.2 (-1.80 a 58.2) 56.0 (8.21 a 103.8) 10.3 (-5.24 a 25.8) 0.323
p -value 0.065 0.022 0.194
Masseter

Pre 25.4 ± 7.78 45.6 ± 18.8 35.2 ± 8.93 0.200
Post 11.3 ± 5.12 12.8 ± 7.69 13.2 ± 5.48 0.608

Pre-Post Difference 14.1 (4.42 a 23.7) 32.7 (2.19 a 63.3) 22.0 (0.54 a 43.5) 0.714
p -value 0.004 0.036 0.044

Submandibular
Pre 30.4 ± 8.77 19.3 ± 8.64 35.0 ± 12.2 0.828
Post 10.6 ± 5.22 6.76 ± 5.53 9.76 ± 4.82 0.697

Pre-Post Difference 19.8 (-1.01 a 40.6) 12.5 (-7.17 a 32.2) 25.3 (1.22 a 49.3) 0.954
p -value 0.062 0.213 0.039
Larynx

Pre 31.4 ± 11.7 39.3 ± 12.8 51.5 ± 11.5 0.720
Post 19.5 ± 6.17 1.88 ± 1.35 12.0 ± 9.09 0.292

a,b,cIdentical letters do not differ by the Least Significant Difference (LSD) test at 5% significance



Lemos et al. CoDAS 2026;38(4):e20250264 DOI: 10.1590/2317-1782/e20250264en 8/12

Table 4. Continued...

Body Regions
TENS LMT TENS+LMT

p -value
Mean ± SE Mean ± SE Mean ± SE

Pre-Post Difference 11.9 (-17.5 a 41.3)a 37.4 (12.9 a 62.0)b 39.5 (10.8 a 68.2)b 0.019
p -value 0.428 0.003 0.007

Front of the neck
Pre 32.5 ± 12.2 18.4 ± 8.82 42.6 ± 11.9 0.578
Post 4.36 ± 3.31 1.97 ± 1.68 11.5 ± 7.61 0.417

Pre-Post Difference 28.1 (5.43 a 50.8) 16.4 (-0.60 a 33.5) 31.1 (2.96 a 59.3) 0.684
p -value 0.015 0.059 0.030

Posterior neck
Pre 55.1 ± 8.81 60.7 ± 15.1 51.8 ± 10.2 0.581
Post 18.3 ± 5.89 22.6 ± 6.82 16.2 ± 5.93 0.781

Pre-Post Difference 36.8 (16.9 a 56.7) 38.2 (10.7 a 65.7) 35.6 (13.7 a 57.5) 0.938
p -value <0.001 0.007 0.001

a,b,cIdentical letters do not differ by the Least Significant Difference (LSD) test at 5% significance

Table 5. Comparison of the level of muscle tension sensation in different body regions within groups (before and after therapeutic interventions) 
and between the groups studied: TENS, LMT, and TENS+LMT adjusted for voice professionals and laryngeal diagnoses

Regions
TENS LMT TENS+LMT

p -value
Mean ± SE Mean ± SE Mean ± SE

Total
Pre 61.5 ± 10.0 53.0 ± 7.31 60.0 ± 7.77 0.609
Post 29.2 ± 6.56 14.9 ± 2.40 14.4 ± 2.22 0.052

Pre-Post Difference 32.3 (23.0 a 41.6)a 38.1 (26.8 a 49.4)ab 45.7 (32.9 a 58.4)b <0.001
p -value <0.001 <0.001 <0.001

P.R.Submentum
Pre 1.13 ± 0.33 0.84 ± 0.26 0.97 ± 0.31 0.858
Post 0.42 ± 0.21 0.22 ± 0.14 0.37 ± 0.19 0.714

Pre-Post Difference 0.71 (0.09 a 1.33) 0.62 (0.13 a 1.12) 0.60 (0.00 a 1.20) 0.874
p -value 0.024 0.013 0.051

P.R.Infrahyoid (L)
Pre 0.95 ± 0.32 0.40 ± 0.14 1.12 ± 0.46 0.734
Post 0.43 ± 0.21 0.11 ± 0.07 0.09 ± 0.08 0.377

Pre-Post Difference 0.52 (0.13 a 0.92) 0.29 (0.02 a 0.56) 1.03 (0.08 a 1.98) 0.280
p -value 0.010 0.038 0.034

P.R.Infrahyoid (R)
Pre 0.92 ± 0.29 0.66 ± 0.27 0.95 ± 0.50 0.921
Post 0.52 ± 0.22 0.07 ± 0.07 0.09 ± 0.09 0.171

Pre-Post Difference 0.40 (0.10 a 0.71) 0.59 (0.07 a 1.10) 0.86 (-0.15 a 1.87) 0.093
p -value 0.009 0.026 0.096

P.R.Cricothyroid (L)
Pre 0.89 ± 0.31 0.90 ± 0.24 1.42 ± 0.41 0.232
Post 0.41 ± 0.21 0.10 ± 0.10 0.00 ± 0.00 0.121

Pre-Post Difference 0.48 (-0.28 a 1.24) 0.80 (0.32 a 1.28) 1.42 (0.61 a 2.24) 0.215
p -value 0.218 0.001 <0.001

P.R.Cricothyroid (R)
Pre 0.99 ± 0.27 0.91 ± 0.26 1.77 ± 0.38 0.056
Post 0.20 ± 0.12 0.00 ± 0.00 0.00 ± 0.00 0.266

Pre-Post Difference 0.79 (0.21 a 1.37)a 0.91 (0.40 a 1.43)ab 1.77 (1.03 a 2.50)b 0.044
p -value 0.008 <0.001 <0.001

P.R. ECOM (L)
Pre 1.06 ± 0.31 1.23 ± 0.62 0.75 ± 0.21 0.461
Post 0.45 ± 0.17b 0.09 ± 0.09ab 0.07 ± 0.07a 0.019

Pre-Post Difference 0.61 (0.27 a 0.95) 1.14 (-0.04 a 2.31) 0.68 (0.23 a 1.12) 0.072
a, b, cIdentical letters do not differ by the Least Significant Difference (LSD) test at a 5% significance level
Caption: P.R. = Palpation at rest; P.P. = Palpation during phonation; ECOM = sternocleidomastoid muscle
Only palpation with a gentle touch (“tenderness”) was considered for analysis.
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Regions
TENS LMT TENS+LMT

p -value
Mean ± SE Mean ± SE Mean ± SE

p -value <0.001 0.058 0.003

P.R. ECOM (R)

Pre 0.94 ± 0.31 1.18 ± 0.59 0.85 ± 0.29 0.941

Post 0.54 ± 0.21b 0.18 ± 0.12ab 0.07 ± 0.07a 0.010

Pre-Post Difference 0.40 (0.02 a 0.79) 1.00 (-0.12 a 2.13) 0.77 (0.14 a 1.40) 0.066

p -value 0.040 0.081 0.016

P.P.Submentum

Pre 1.79 ± 0.46 1.25 ± 0.33 1.25 ± 0.28 0.605

Post 1.10 ± 0.34 0.34 ± 0.18 0.31 ± 0.14 0.118

Pre-Post Difference 0.69 (0.10 a 1.29) 0.91 (0.39 a 1.43) 0.94 (0.33 a 1.54) 0.089

p -value 0.022 <0.001 0.002

P.P.Infrahyoid (L)

Pre 1.13 ± 0.38 0.82 ± 0.30 1.32 ± 0.28 0.863

Post 1.03 ± 0.37b 0.27 ± 0.13ab 0.09 ± 0.09a 0.024

Pre-Post Difference 0.11 (-0.09 a 0.30)a 0.55 (0.00 a 1.10)ab 1.23 (0.64 a 1.81)b 0.005

p -value 0.288 0.050 <0.001

P.P.Infrahyoid (R)

Pre 1.30 ± 0.33 1.09 ± 0.32 1.30 ± 0.30 0.880

Post 1.08 ± 0.29b 0.17 ± 0.12a 0.20 ± 0.12a 0.001

Pre-Post Difference 0.22 (-0.06 a 0.50)a 0.92 (0.37 a 1.47)b 1.09 (0.48 a 1.71)b 0.001

p -value 0.126 0.001 <0.001

P.P.Cricothyroid (L)

Pre 1.13 ± 0.35 1.96 ± 0.72 1.13 ± 0.29 0.711

Post 0.58 ± 0.19b 0.30 ± 0.20ab 0.08 ± 0.07a 0.005

Pre-Post Difference 0.55 (0.08 a 1.02)a 1.66 (0.33 a 3.00)ab 1.06 (0.44 a 1.67)b 0.038

p -value 0.021 0.014 <0.001

P.P.Cricothyroid (R)

Pre 1.34 ± 0.38 1.36 ± 0.53 1.53 ± 0.41 0.836

Post 0.54 ± 0.20 0.00 ± 0.00 0.19 ± 0.12 0.067

Pre-Post Difference 0.79 (0.34 a 1.25) 1.36 (0.32 a 2.41) 1.34 (0.52 a 2.17) 0.092

p -value <0.001 0.010 0.001

P.P. ECOM (L)

Pre 1.38 ± 0.44 1.47 ± 0.54 1.58 ± 0.33 0.766

Post 0.63 ± 0.21b 0.10 ± 0.10a 0.10 ± 0.09a 0.048

Pre-Post Difference 0.75 (0.16 a 1.33)a 1.37 (0.35 a 2.39)b 1.48 (0.81 a 2.16)b 0.020

p -value 0.012 0.009 <0.001

P.P. ECOM (R)

Pre 1.18 ± 0.37 2.16 ± 0.86 1.21 ± 0.27 0.691

Post 0.65 ± 0.20b 0.12 ± 0.11a 0.07 ± 0.06a 0.003

Pre-Post Difference 0.52 (0.00 a 1.05)a 2.05 (0.40 a 3.70)b 1.14 (0.59 a 1.69)b 0.006

p -value 0.052 0.015 <0.001

High larynx position

Pre 1.55 ± 0.25b 1.69 ± 0.38ab 1.00 ± 0.20a 0.031

Post 0.57 ± 0.14 0.53 ± 0.17 0.36 ± 0.13 0.171

Pre-Post Difference 0.98 (0.56 a 1.40) 1.17 (0.31 a 2.02) 0.63 (0.12 a 1.14) 0.938

p -value <0.001 0.007 0.016

Lateralization of the larynx

Pre 1.82 ± 0.22 2.12 ± 0.41 1.66 ± 0.28 0.917

Post 0.85 ± 0.25 0.72 ± 0.22 0.65 ± 0.16 0.576

Pre-Post Difference 0.97 (0.54 a 1.39) 1.40 (0.68 a 2.13) 1.01 (0.62 a 1.40) 0.671

p -value <0.001 <0.001 <0.001
a, b, cIdentical letters do not differ by the Least Significant Difference (LSD) test at a 5% significance level
Caption: P.R. = Palpation at rest; P.P. = Palpation during phonation; ECOM = sternocleidomastoid muscle
Only palpation with a gentle touch (“tenderness”) was considered for analysis.

Table 5. Continued...
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DISCUSSION

The techniques applied in this study have been analyzed 
as possible resources in the rehabilitation of individuals with 
dysphonia associated with muscle tension(15-21,37). This study 
compared the techniques individually and in combination to 
verify their effects in relation to vocal quality parameters, vocal 
self-perception and musculoskeletal pain, aerodynamic measures 
and muscle tension levels.

Regarding the characterization of the sample and groups, 
there was a predominance of middle-aged participants, voice 
professionals, and those presenting laryngeal alterations of 
functional and organofunctional origin, which is consistent with 
the profile of participants with MTD(3-4). In the LMT group, 
specific differences were observed regarding the professional 
use of the voice and laryngeal alterations, considering that the 
sample was predominantly composed of non-voice professionals 
and, for the most part, without laryngeal alterations. This sample 
characteristic was carefully controlled and considered in the 
statistical analyses in order to minimize biases and ensure 
the validity of the results. Women in this age group who use 
their voice professionally are more susceptible to developing 
dysphonia, as they present biological and behavioral factors that 
favor an imbalance in laryngeal muscle function(38). There is a 
difference in proportion between the female and male larynx, 
as well as the fact that female vocal folds are shorter and less 
thick, which increases the risk of collisions and the difficulty 
of absorbing lesions. There is also an asymmetrical distribution 
of hyaluronic acid in the lamina propria of female vocal folds, 
which makes glottal closure difficult(39-41). Women are also 
more susceptible to psychosocial factors that cause emotional 
problems(1). This increases the risk of developing stress and 
anxiety, leading to excessive muscle tension and chronic 
musculoskeletal pain(33). When these women use their voice 
professionally, the risk of developing dysphonia increases, as 
many of them do not have adequate knowledge about vocal 
health and exhibit inappropriate vocal behavior(41).

This study demonstrated the positive effects of the two 
techniques, applied in isolation and in combination, in relation 
to vocal symptoms and vocal fatigue. The women reported 
improvement in their vocal symptoms, which positively affects 
their daily lives in a functional, physical and emotional way. 
Previous studies indicate that the use of both techniques used 
in this research study has positive effects on the self-reported 
symptoms of the participants(18,21). In addition, there was a 
significant decrease in symptoms of vocal fatigue reported by 
the women in the study. Vocal fatigue can affect participants 
with MTD, as it is related to inadequate vocal and muscular 
adjustments and a feeling of effort when speaking(42).

Regarding self-perception of musculoskeletal pain, all three 
groups showed positive responses regarding the reduction of 
self-reported pain in the perilaryngeal and cervical regions. 
These results corroborate studies that have demonstrated a 
decrease in pain symptoms in the perilaryngeal and adjacent 
regions with the use of TENS and LMT(13,18,22). Regarding the 
structures evaluated, the improvement in the larynx region 
reported by participants in the LMT and TENS+LMT groups, 

who received LMT in the laryngeal region, stands out compared 
to the TENS group, which received TENS application in isolation. 
It is possible to conclude that, by using direct manipulation of 
the extrinsic laryngeal musculature, LMT was more effective 
in reducing pain sensation in this region(11). Based on the results 
found, it can be inferred that the combination of electrotherapy 
techniques associated with laryngeal manual therapy demonstrates 
more positive results in the neck region and laryngeal framework. 
This is because the application of the associated techniques 
provided a greater feeling of relaxation and muscle comfort in 
the perilaryngeal and cervical region(10-11).

The increase in Maximum Phonation Times (MPT) stands out 
in the three groups evaluated. MPT is a clinical parameter that 
indicates the ability to control the aerodynamic and myoelastic 
forces of the larynx(43). The significant increase observed in the 
present study may be related to a decrease in myoelastic action 
in the balance between the two forces, which may have provided 
improved muscle and respiratory function during phonation(44). 
The s/z ratio showed normality before the techniques were 
applied and remained so after therapy, which may indicate that 
the measurement was not able to indicate the hyperfunctional 
pattern of the participants evaluated.

Regarding the assessment of vocal quality, it was possible 
to verify an improvement in the overall degree of vocal 
deviation in the groups that received isolated LMT (LMT) 
or associated with TENS (TENS+LMT). It can be inferred 
that the use of LMT had a better effect on phonatory balance, 
improving the vocal quality of women in these two groups. 
This result differs from another study(21), which found better 
immediate effects on vocal quality in women with behavioral 
dysphonia who used TENS, compared to those who received 
only LMT. The relationship between vocal tension parameters 
and breathiness is noteworthy. A similar relationship was found 
in another study(24) with the application of low-frequency TENS 
associated with vocal exercises. In the TENS and LMT groups 
there was little reduction in vocal tension. In the TENS+LMT 
group, however, the significant reduction in tension suggests 
an increase in breathiness, which may have occurred due to a 
probable adjustment of the larynx. Another study(45) applied LMT 
to participants with primary MTD and concluded that acoustic 
and glottic closure measures for several participants revealed 
insufficient glottic closure after treatment, when hyperfunction 
was reduced with LMT. The authors conclude that, for these 
participants, the application of complementary techniques to 
assist in balanced glottic closure function is important.

Regarding the levels of muscle tension sensation upon 
palpation, the analyzed groups showed significant improvement 
after the interventions, particularly the group that used 
electrotherapy techniques combined with laryngeal manual 
therapy. The applied techniques were effective in reducing the 
sensation of muscle tension in the extrinsic laryngeal muscles 
upon palpation and in adjacent structures, as their main effect 
is to increase the impression of muscle relaxation in these 
structures(13,18). The TENS+LMT group, by combining the two 
techniques, had a better effect in reducing the sensation of 
muscle tension upon palpation in this region, especially when 
evaluated during phonation. The combined techniques more 
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precisely promoted the sensation of reduced tension in the 
extrinsic laryngeal muscles, which may have been caused by a 
decrease in the activation of the muscle compensation system 
during the participants’ phonation. This may have had a positive 
impact on the functioning of this muscle group.

Among the limitations of this study, the absence of a control 
group stands out, which restricted the possibilities for comparing 
the results obtained. Furthermore, a discrepancy was observed 
between the groups regarding professional voice use and the 
presence of vocal alterations, a factor considered in the statistical 
analyses. As the allocation of participants was performed by 
randomization, it was expected that the groups would present 
homogeneous characteristics. However, in studies with limited 
sample size, differences between groups can occur due to chance. 
To minimize this potential bias, multivariate analysis was 
performed adjusting for the variables “voice professional” and 
“laryngeal diagnosis,” with the aim of making the groups more 
comparable and ensuring greater validity in the interpretation of 
the results. In addition, it was not possible to perform acoustic 
voice analysis or laryngeal imaging after the interventions due 
to the lack of adequate laboratory infrastructure to guarantee the 
necessary methodological rigor. Therefore, it is recommended 
that future research include acoustic voice analysis and laryngeal 
imaging exams to deepen the understanding of the effects of 
the applied techniques. It is also suggested that complementary 
assessments, such as surface electromyography, be used to 
objectively investigate the impact of the interventions on the 
perilaryngeal musculature.

CONCLUSION

The findings of this study demonstrate that the proposed 
interventions exerted relevant therapeutic effects in women 
with Muscle Tension Dysphonia. There was a reduction in 
vocal symptoms, a decrease in vocal fatigue, a reduction in 
musculoskeletal pain, and an increase in maximum phonation 
times in the three groups evaluated. Regarding vocal quality, 
the TENS and LMT techniques alone decreased the degrees of 
breathiness and the overall degree of dysphonia, respectively. 
However, only when applied in combination were they able 
to decrease the overall degree of dysphonia and the degree of 
vocal tension, providing better vocal adjustment, since vocal 
tension is an important characteristic of the studied population. 
Regarding muscle tension, only LMT alone or combined with 
TENS was able to reduce the sensation of muscle tension upon 
palpation. Therefore, the combined techniques were able to 
provide better vocal adjustments and decrease the sensation of 
muscle tension upon palpation.

REFERENCES

1.	 Pereira GC, Lemos IO, Gadenz CD, Cassol M. Effects of voice therapy 
on muscle tension dysphonia: a systematic literature review. J Voice. 
2018;32(5):546-52. https://doi.org/10.1016/j.jvoice.2017.06.015. 
PMid:28739332.

2.	 Plocienniczak M, Tracy LF. Muscle tension dysphonia. JAMA 
Otolaryngol Head Neck Surg. 2022;148(9):895. https://doi.org/10.1001/
jamaoto.2022.1944. PMid:35900756.

3.	 Van Houtte E, Van Lierde K, Claeys S. Pathophysiology and treatment 
of muscle tension dysphonia: a review of the current knowledge. 
J Voice. 2011;25(2):202-7. https://doi.org/10.1016/j.jvoice.2009.10.009. 
PMid:20400263.

4.	 Boone DR, McFarlane SC. Functional disorders. In: Zraick RI, Von Berg 
SL, editors. The voice and the voice therapy. 9th ed. Boston: Pearson; 
2013. p. 113–33.

5.	 Menoncin LCM, Jurkiewicz AL, Silvério KCA, Camargo PM, Wolff NMM. 
Alterações musculares e esqueléticas cervicais em mulheres disfônicas. 
Arq Int Otorrinolaringol. 2010;14(4):461-6. https://doi.org/10.1590/
S1809-48722010000400014.

6.	 Lemos IO, Marchand DLP, Cunha EO, Silvério KCA, Cassol M. 
What are the symptoms that characterize the clinical condition 
of vocal fatigue? A scoping review and meta-analysis. J Voice. 
2023;39(3):841-4. https://doi.org/10.1016/j.jvoice.2022.12.018. PMid:36737268.

7.	 Cielo CA, Christmann MK, Ribeiro VV, Hoffmann CF, Padilha JF, Steidl 
EMS, et al. Síndrome da tensão muscoesquelética, musculatura laríngea 
extrínseca e postura corporal: considerações teóricas. Rev CEFAC. 
2014;16(5):1639-49. https://doi.org/10.1590/1982-0216201410613.

8.	 Altman KW, Atkinson C, Lazarus C. Current and emerging concepts in 
muscle tension dysphonia: a 30-month review. J Voice. 2005;19(2):261-7. 
https://doi.org/10.1016/j.jvoice.2004.03.007. PMid:15907440.

9.	 Ziegler A, Dastolfo C, Hersan R, Rosen CA, Gartner-Schmidt J. Perceptions 
of voice therapy in patients diagnosed with primary muscle tension dysphonia 
and benign mid-membranous vocal folds lesions. J Voice. 2014;28(6):742-52. 
https://doi.org/10.1016/j.jvoice.2014.02.007. PMid:24841669.

10.	 Mathieson L, Hirani SP, Epstein R, Baken RJ, Wood G, Rubin JS. Laryngeal 
manual therapy: a preliminary study to examine its treatment effects in the 
management of muscle tension dysphonia. J Voice. 2009;23(3):353-66. 
https://doi.org/10.1016/j.jvoice.2007.10.002. PMid:18036777.

11.	 Ribeiro VV, Pedrosa V, Silvério KCA, Behlau M. Laryngeal manual 
therapies for behavioral dysphonia: a systematic review and meta-analysis. 
J Voice. 2018;32(5):553-63. https://doi.org/10.1016/j.jvoice.2017.06.019. 
PMid:28844806.

12.	 Almeida ANS, Cunha DAD, Ferreira SLS, Guimarães BTL, Balata 
PMM, Silva HJD. Effect of electrical stimulation on the treatment 
of dysphonia: a systematic review. J Voice. 2022;36(5):650-60. 
https://doi.org/10.1016/j.jvoice.2020.08.002. PMid:32868145.

13.	 Stangherlin DAC, Lemos IO, Bello JZ, Cassol M. Transcutaneous electrical 
nerve stimulation in dysphonic patients: a systematic review. J Voice. 
2021;35(6):876-85. https://doi.org/10.1016/j.jvoice.2020.03.003. 
PMid:32273210.

14.	 Mathieson L. The evidence for laryngeal manual therapies in the treatment 
of muscle tension dysphonia. Curr Opin Otolaryngol Head Neck Surg. 
2011;19(3):171-6. https://doi.org/10.1097/MOO.0b013e3283448f6c. 
PMid:21358333.

15.	 Dehqan A, Scherer RC. Positive effects of manual circumlaryngeal therapy in the 
treatment of muscle tension dysphonia (MTD): long term treatment outcomes. 
J Voice. 2019;33(6):866-71. https://doi.org/10.1016/j.jvoice.2018.07.010. 
PMid:30122460.

16.	 Salehi A, Barkmeier-Kraemer J. Laryngeal manual therapy as a treatment 
for impaired production of tahrir vibrato in traditional Iranian singers. 
Folia Phoniatr Logop. 2014;66(6):265-72. https://doi.org/10.1159/000369063. 
PMid:25676737.

17.	 Mansuri B, Torabinezhad F, Jamshidi AA, Dabirmoghadam P, 
Vasaghi-Gharamaleki B, Ghelichi L. Application of high frequency 
transcutaneous electrical nerve stimulation in muscle tension dysphonia patients 
with the pain complaint: the immediate effect. J Voice. 2019;34(5):657-66. 
https://doi.org/10.1016/j.jvoice.2019.02.009. PMid:31078355.

18.	 Silvério KCA, Brasolotto AG, Siqueira LTD, Carneiro CG, Fukushiro 
AP, Guirro RRJ. Effect of application of transcutaneous electrical nerve 
stimulation and laryngeal manual therapy in dysphonic women: clinical trial. 
J Voice. 2015;29(2):200-8. https://doi.org/10.1016/j.jvoice.2014.06.003. 
PMid:25439510.

https://doi.org/10.1016/j.jvoice.2017.06.015
https://pubmed.ncbi.nlm.nih.gov/28739332
https://pubmed.ncbi.nlm.nih.gov/28739332
https://doi.org/10.1001/jamaoto.2022.1944
https://doi.org/10.1001/jamaoto.2022.1944
https://pubmed.ncbi.nlm.nih.gov/35900756
https://doi.org/10.1016/j.jvoice.2009.10.009
https://pubmed.ncbi.nlm.nih.gov/20400263
https://pubmed.ncbi.nlm.nih.gov/20400263
https://doi.org/10.1590/S1809-48722010000400014
https://doi.org/10.1590/S1809-48722010000400014
https://doi.org/10.1016/j.jvoice.2022.12.018
https://pubmed.ncbi.nlm.nih.gov/36737268
https://doi.org/10.1590/1982-0216201410613
https://doi.org/10.1016/j.jvoice.2004.03.007
https://pubmed.ncbi.nlm.nih.gov/15907440
https://doi.org/10.1016/j.jvoice.2014.02.007
https://pubmed.ncbi.nlm.nih.gov/24841669
https://doi.org/10.1016/j.jvoice.2007.10.002
https://pubmed.ncbi.nlm.nih.gov/18036777
https://doi.org/10.1016/j.jvoice.2017.06.019
https://pubmed.ncbi.nlm.nih.gov/28844806
https://pubmed.ncbi.nlm.nih.gov/28844806
https://doi.org/10.1016/j.jvoice.2020.08.002
https://pubmed.ncbi.nlm.nih.gov/32868145
https://doi.org/10.1016/j.jvoice.2020.03.003
https://pubmed.ncbi.nlm.nih.gov/32273210
https://pubmed.ncbi.nlm.nih.gov/32273210
https://doi.org/10.1097/MOO.0b013e3283448f6c
https://pubmed.ncbi.nlm.nih.gov/21358333
https://pubmed.ncbi.nlm.nih.gov/21358333
https://doi.org/10.1016/j.jvoice.2018.07.010
https://pubmed.ncbi.nlm.nih.gov/30122460
https://pubmed.ncbi.nlm.nih.gov/30122460
https://doi.org/10.1159/000369063
https://pubmed.ncbi.nlm.nih.gov/25676737
https://pubmed.ncbi.nlm.nih.gov/25676737
https://doi.org/10.1016/j.jvoice.2019.02.009
https://pubmed.ncbi.nlm.nih.gov/31078355
https://doi.org/10.1016/j.jvoice.2014.06.003
https://pubmed.ncbi.nlm.nih.gov/25439510
https://pubmed.ncbi.nlm.nih.gov/25439510


Lemos et al. CoDAS 2026;38(4):e20250264 DOI: 10.1590/2317-1782/e20250264en 12/12

19.	 Siqueira LTD, Silvério KCA, Brasolotto AG, Guirro RRJ, Carneiro CG, 
Behlau M. Efeitos da terapia manual laríngea e da estimulação elétrica 
nervosa transcutânea (TENS) na diadococinesia laríngea em mulheres 
disfônicas: estudo clínico randomizado. CoDAS. 2017;29(3):e20160191. 
https://doi.org/10.1590/2317-1782/20172016191. PMid:28538831.

20.	 Siqueira LTD, Ribeiro VV, Moreira PAM, Brasolotto AG, Guirro RRJ, 
Silverio KCA. Effects of transcutaneous electrical nervous stimulation 
(TENS) associated with vocal therapy on musculoskeletal pain of 
women with behavioral dysphonia: a randomized, placebo-controlled 
double-blind clinical trial. J Commun Disord. 2019;82:105923. 
https://doi.org/10.1016/j.jcomdis.2019.105923. PMid:31382210.

21.	 Conde MCM, Siqueira LTD, Vendramini JE, Brasolotto AG, Guirro RRJ, 
Silverio KCA. Transcutaneous electrical nerve stimulation (TENS) and 
laryngeal manual therapy (LMT): immediate effects in women with dysphonia. 
J Voice. 2018;32(3):385.e17-25. https://doi.org/10.1016/j.jvoice.2017.04.019. 
PMid:28533075.

22.	 Santos JKO, Silvério KCA, Oliveira NFCD, Gama AC. Evaluation of 
electrostimulation effect in women with vocal nodules. J Voice. 2016;30(6):769.
e1-7. https://doi.org/10.1016/j.jvoice.2015.10.023. PMid:26822388.

23.	 Mansuri B, Torabinejhad F, Jamshidi AA, Dabirmoghaddam P, 
Vasaghi-Gharamaleki B, Ghelichi L. Transcutaneous electrical nerve stimulation 
combined with voice therapy in women with muscle tension dysphonia. 
J Voice. 2020;34(3):490.e11-21. https://doi.org/10.1016/j.jvoice.2018.11.003. 
PMid:30529025.

24.	 Moura GC, Antonetti AEDS, Santos AP, Vitor JDS, Brasolotto AG, Siqueira 
LTD, et al. The influence of the low-frequency transcutaneous electrical 
nerve stimulation application moment in vocal quality of dysphonic women. 
Logoped Phoniatr Vocol. 2022;49(3):96-103. https://doi.org/10.1080/1
4015439.2022.2143557. PMid:36367198.

25.	 Schulz KF, Altman DG, Moher D, and the CONSORT Group. CONSORT 
2010 statement: updated guidelines for reporting parallel group randomised 
trials. BMJ. 2010;340(1):c332. https://doi.org/10.1136/bmj.c332. 
PMid:20332509.

26.	 Jafari N, Salehi A, Meerschman I, Izadi F, Ebadi A, Talebian S, et al. A novel 
laryngeal palpatory scale (LPS) in patients with muscle tension dysphonia. 
J Voice. 2020;34(3):488.e9-27. https://doi.org/10.1016/j.jvoice.2018.09.003. 
PMid:30322821.

27.	 Hirano M. Clinical examination of voice. New York: Springer Verlag; 
1981.

28.	 Random.org [Internet]. Dublin: Random.org; c1998-2026 [cited 2018 Aug 1]. 
Available from: https://www.random.org/

29.	 Moreti F, Zambon F, Oliveira G, Behlau M. Cross-cultural adaptation, validation, 
and cutoff values of the Brazilian version of the voice symptom scale: VoiSS. 
J Voice. 2014;28(4):458-68. https://doi.org/10.1016/j.jvoice.2013.11.009. 
PMid:24560004.

30.	 Zambon F, Moreti F, Nanjundeswaran C, Behlau M. Equivalência 
cultural da versão brasileira do Vocal Fatigue Index – VFI. CoDAS. 
2017;29(2):e20150261. https://doi.org/10.1590/2317-1782/20172015261. 
PMid:28300936.

31.	 Behlau M. O livro do especialista. Rio de Janeiro: Revinter; 2008.
32.	 Cielo CA, Gonçalves BFT, Lima JPM, Christmann MK. Tempo máximo 

de fonação /a/, tempo máximo de fonação previsto e tipo respiratório de 
mulheres adultas sem afecções laríngeas. Rev CEFAC. 2015;17(2):358-63. 
https://doi.org/10.1590/1982-021620152414.

33.	 Silvério KCA, Siqueira LTD, Lauris JRP, Brasolotto AG. Dor 
musculoesquelética em mulheres disfônicas. CoDAS. 2014;26(5):374-81. 
https://doi.org/10.1590/2317-1782/20142013064. PMid:25388070.

34.	 Cardoso R, Meneses RF, Lumini-Oliveira J, Pestana P, Guimarães B. 
Associations between teachers’ posture, muscle tension and voice complaints. 
J Voice. 2020;35(6):23-31. https://doi.org/10.1016/j.jvoice.2020.02.011. 
PMid:32178916.

35.	 Martinez CC, Lemos IO, Madazio G, Behlau M, Cassol M. Parâmetros 
vocais, palpação muscular e autopercepção de sintomas vocais, dor e 
fadiga vocal em mulheres com disfonia por tensão muscular. CoDAS. 
2021;33(4):e20200035. https://doi.org/10.1590/2317-1782/20202020035. 
PMid:34346948.

36.	 Reimann AP, Siqueira LTD, Rondon AV, Brasolotto AG, Silverio KCA. 
Efeito imediato da terapia manual laríngea em indivíduos disfônicos. 
CoDAS. 2016;28(1):59-65. https://doi.org/10.1590/2317-1782/20162015089. 
PMid:27074191.

37.	 Siqueira LTD, Vitor JDS, Brasolotto AG, de Andrade EC, Silvério KCA. 
Can vocal therapy with transcutaneous electrical nerve stimulation (TENS) 
followed by vocal exercises reduce benign laryngeal lesions in dysphonic 
women? Randomized, blind clinical trial. J Voice. 2022;39(1):15-26. 
https://doi.org/10.1016/j.jvoice.2022.08.006. PMid:36068131.

38.	 Martins RH, Amaral HA, Tavares EL, Martins MG, Gonçalves TM, Dias 
NH. Voice disorders: etiology and diagnosis. J Voice. 2016;30(6):761.
e1-9. https://doi.org/10.1016/j.jvoice.2015.09.017. PMid:26547607.

39.	 Dejonckere PH. Gender differences in the prevalence of occupational 
voice disorders. In: Dejonckere PH, editor. Occupational voice: care and 
cure. The Hague: Kugler Publications; 2001. p. 11–20. (Vol. 1).

40.	 Robb M, Gilbert H, Lerman J. Influence of gender and environmental 
setting on voice onset time. Folia Phoniatr Logop. 2005;57(3):125-33. 
https://doi.org/10.1159/000084133. PMid:15914996.

41.	 Behlau M, Zambon F, Madazio G. Managing dysphonia in occupational 
voice users. Curr Opin Otolaryngol Head Neck Surg. 2014;22(3):188-94. 
https://doi.org/10.1097/MOO.0000000000000047. PMid:24670489.

42.	 Bonetti A, Bonetti L, Cipcic O. Self-assessment of vocal fatigue 
in muscle tension dysphonia and vocal nodules: a preliminary 
analysis of the discriminatory potential of the Croatian adaptation 
of the vocal fatigue index (VFI-C). J Voice. 2021;35(2):325.e1-15. 
https://doi.org/10.1016/j.jvoice.2019.08.028. PMid:31606223.

43.	 Behlau M. Voz: o livro do especialista. Rio de Janeiro: Revinter; 2008. 
(Vol. 1). Avaliação de voz.

44.	 Lemos IO, Pereira GC, SantAnna GD, Cassol M. Effects of a voice therapy 
program for patients with muscle tension dysphonia. Folia Phoniatr 
Logop. 2017;69(5–6):239-45. https://doi.org/10.1159/000487942. 
PMid:29698963.

45.	 Ahmadi N, Abbott KV, Rajati F, Khoddami SM, Torabinezhad F, Ebrahimi 
Takamjani I, et al. Effects of laryngeal manual therapy on primary muscle 
tension dysphonia (MTD-1): implications for MTD-1 type. J Voice. 
2022;38(6):1377-85. https://doi.org/10.1016/j.jvoice.2022.04.002. 
PMid:35963763.

Author contributions
IOL: Conceptualization, Methodology, Investigation, Data curation, Formal 
analysis, Writing – original draft, Writing – review & editing; KCAS: Methodology, 
Validation, Supervision, Writing – review & editing; MC: Conceptualization, 
Supervision, Project administration, Writing – review & editing.

Use of artificial intelligence-assisted technology
The authors declare that no artificial intelligence tools were used in the research 
reported here or in the preparation of this article.

https://doi.org/10.1590/2317-1782/20172016191
https://pubmed.ncbi.nlm.nih.gov/28538831
https://doi.org/10.1016/j.jcomdis.2019.105923
https://pubmed.ncbi.nlm.nih.gov/31382210
https://doi.org/10.1016/j.jvoice.2017.04.019
https://pubmed.ncbi.nlm.nih.gov/28533075
https://pubmed.ncbi.nlm.nih.gov/28533075
https://doi.org/10.1016/j.jvoice.2015.10.023
https://pubmed.ncbi.nlm.nih.gov/26822388
https://doi.org/10.1016/j.jvoice.2018.11.003
https://pubmed.ncbi.nlm.nih.gov/30529025
https://pubmed.ncbi.nlm.nih.gov/30529025
https://doi.org/10.1080/14015439.2022.2143557
https://doi.org/10.1080/14015439.2022.2143557
https://pubmed.ncbi.nlm.nih.gov/36367198
https://doi.org/10.1136/bmj.c332
https://pubmed.ncbi.nlm.nih.gov/20332509
https://pubmed.ncbi.nlm.nih.gov/20332509
https://doi.org/10.1016/j.jvoice.2018.09.003
https://pubmed.ncbi.nlm.nih.gov/30322821
https://pubmed.ncbi.nlm.nih.gov/30322821
https://doi.org/10.1016/j.jvoice.2013.11.009
https://pubmed.ncbi.nlm.nih.gov/24560004
https://pubmed.ncbi.nlm.nih.gov/24560004
https://doi.org/10.1590/2317-1782/20172015261
https://pubmed.ncbi.nlm.nih.gov/28300936
https://pubmed.ncbi.nlm.nih.gov/28300936
https://doi.org/10.1590/1982-021620152414
https://doi.org/10.1590/2317-1782/20142013064
https://pubmed.ncbi.nlm.nih.gov/25388070
https://doi.org/10.1016/j.jvoice.2020.02.011
https://pubmed.ncbi.nlm.nih.gov/32178916
https://pubmed.ncbi.nlm.nih.gov/32178916
https://doi.org/10.1590/2317-1782/20202020035
https://pubmed.ncbi.nlm.nih.gov/34346948
https://pubmed.ncbi.nlm.nih.gov/34346948
https://doi.org/10.1590/2317-1782/20162015089
https://pubmed.ncbi.nlm.nih.gov/27074191
https://pubmed.ncbi.nlm.nih.gov/27074191
https://doi.org/10.1016/j.jvoice.2022.08.006
https://pubmed.ncbi.nlm.nih.gov/36068131
https://doi.org/10.1016/j.jvoice.2015.09.017
https://pubmed.ncbi.nlm.nih.gov/26547607
https://doi.org/10.1159/000084133
https://pubmed.ncbi.nlm.nih.gov/15914996
https://doi.org/10.1097/MOO.0000000000000047
https://pubmed.ncbi.nlm.nih.gov/24670489
https://doi.org/10.1016/j.jvoice.2019.08.028
https://pubmed.ncbi.nlm.nih.gov/31606223
https://doi.org/10.1159/000487942
https://pubmed.ncbi.nlm.nih.gov/29698963
https://pubmed.ncbi.nlm.nih.gov/29698963
https://doi.org/10.1016/j.jvoice.2022.04.002
https://pubmed.ncbi.nlm.nih.gov/35963763
https://pubmed.ncbi.nlm.nih.gov/35963763

