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Abstract 

Objective: to assess the combined effects of aVNS, TENS, and transmeatal photobiomodulation on 

tinnitus perception and discomfort. Methods: This was a retrospective quasi-experimental study 

using medical records of 120 patients with chronic somatosensory tinnitus treated at a specialized 

health center. Interventions included auricular vagus nerve stimulation (aVNS), cervical 

transcutaneous electrical nerve stimulation (TENS), and transmeatal photobiomodulation with laser. 

The Visual Analogue Scale (VAS) scores for tinnitus loudness and discomfort and Tinnitus Handicap 

Inventory (THI) scores were assessed pre- and post-intervention. Results: Non-parametric and 

frequency tests were used to compare outcomes, and effect sizes (ES) were calculated. Significant 

reductions were observed in VAS loudness (p = 0.001; ES = 2.01) and discomfort (p = 0.001; ES = 2.23), 

as well as THI scores (p = 0.001; ES = 2.28). The severity classifications of tinnitus, based on VAS and 

THI scores, also improved significantly. The effect sizes were very large for all variables, suggesting 

a synergistic beneficial effect from combined interventions. Conclusions: The combination of aVNS, 

TENS, and transmeatal photobiomodulation seems to be an effective therapeutic strategy for 

reducing tinnitus perception, discomfort, and self-perceived handicap. While these findings 

highlight the potential of this multimodal approach, further randomized controlled trials are 

necessary to confirm its efficacy and elucidate the underlying mechanisms. 

Keywords: electric stimulation; low level laser; autonomic nervous system; therapy 

 

1. Introduction 

Tinnitus is characterized as the perception of sound or noise without any external source [1,2]. 

A comprehensive systematic review on the prevalence and incidence of tinnitus suggested that more 

than 740 million adults are currently globally affected [2]. Other 120 million people perceived tinnitus 

as a major issue in their daily life [2]. Approximately 20 to 25% of patients cannot cope with tinnitus 

[3]. Moreover, tinnitus generates substantial economic impact due to decreased productivity, 

absenteeism and increased health care costs [4]. Tinnitus is often associated with anxiety, depression, 

cognitive impairment and sleep disorders, becoming part of a mental disorder [2,5].  

Somatosensory tinnitus is a subtype of tinnitus where the perception of sound is influenced or 

modulated by somatosensory inputs from the head, neck, or jaw regions [6,7]. It can be caused by 
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cervical spine disorders, temporomandibular joint disorder, head and neck injuries, chronic muscle 

tension, stress, or poor posture [8]. Those factors disrupt the normal somatosensory input, interacting 

with auditory pathways, and potentially altering the auditory processing [7,9]. The dorsal cochlear 

nucleus in the brainstem plays a key role in integrating auditory and somatosensory information, 

and changes in somatosensory input from the cervical spine or temporomandibular joint can modify 

its neural activity, ultimately influencing tinnitus perception [10]. 

There is no consensus about the most effective therapeutic management for somatosensory 

tinnitus, but neuromodulatory techniques have shown positive results [5,11–14]. The electrical 

stimulation of the auricular vagus nerve branches (aVNS) is a promising technique that raised 

attention to treat tinnitus [15]. The auricular branch of the vagus nerve runs superficially in auricular 

regions, making it a favorable target for non-invasive stimulation techniques aimed at modulating 

vagal activity [16,17]. For this reason, some early-phase clinical trials have been conducted on a wide 

range of conditions and parameters [18,19]. The action of aVNS primarily affects the autonomic 

nervous system, particularly in cases of sympathetic arousal, where sustained sympathetic tone 

excitation disrupts homeostasis and leads to symptoms associated with anxiety, depression, deficits 

in executive functions (e.g., attention, memory, decision-making), as well as lack of emotional control 

in response to stressors [20,21]. As previously mentioned, in recent years an increasing number of 

clinical trials have explored the effect of aVNS (either alone or as an adjunct) on tinnitus, yielding 

promising results in reducing both perception and discomfort [15,22–24]. However, a recent meta-

analysis showed that distinct parameters’ combinations were used to set the electrical current 

delivery, which allowed high heterogeneity on methods and results, impairing any definitive 

conclusion on the aVNS efficacy [25]. 

Another neuromodulatory technique with promising results in tinnitus treatment is 

transcutaneous electrical nerve stimulation (TENS), particularly in the cervical region (applied to the 

upper cervical region near the second cervical vertebra – C2) [6,13]. TENS applied to the skin near 

the ear area enhances the activation of the dorsal cochlear nucleus along the somatosensory pathway, 

potentially increasing the inhibitory role of the nucleus in the central nervous system and, 

consequently, alleviating tinnitus [26]. Electrical stimulation of the C2 dermatome is known to 

regulate the excitation and inhibition of the dorsal cochlear nucleus by targeting cells in the dorsal 

column nucleus [26]. 

Finally, infrared laser photobiomodulation has proven to be particularly useful in treating 

tinnitus, specifically in the transmeatal region [27,28]. Low-intensity laser therapy was proposed as a 

therapeutic procedure for tinnitus over a decade ago. It has been hypothesized that low-intensity 

laser irradiation enhances cell proliferation, ATP and collagen synthesis, and the release of 

neurotrophic factors [28,29]. This technique also promotes local blood flow in the inner ear and 

activates repair mechanisms through photochemical and photophysical stimulation of mitochondria 

in hair cells [27].  

Although studies have evaluated the isolated efficacy of each of the above-mentioned 

techniques, there are gaps in the literature regarding how a complex intervention combining those 

techniques could benefit patients with tinnitus. Nonetheless, empirical and clinical observations 

suggest that such combinations might produce faster and more intense effects, enhancing the clinical 

outcomes. Therefore, the present study aimed to analyze the effects of the combined intervention 

(taVNS, TENS and transmeatal photobiomodulation) on the perception and discomfort generated by 

tinnitus through the analysis of patients’ medical records. 

2. Materials and Methods 

2.1. Participants 

This quasi-experimental retrospective study was conducted using the medical records from 120 

patients with tinnitus (Table 1). All patients were treated at the Cabugueira’s Health Center, RJ, 

Brazil. A post hoc two-tailed power analysis returned an actual power higher than 0.99, considering 
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the sample of 120 participants, an alpha of 5%, and a calculated effect size of 2.01. Patients with 

various other associated ear diseases such as otosclerosis and otitis media were excluded. Patients 

with serious mental illness or systemic diseases such as cardiovascular and cerebrovascular diseases, 

those who were unable to complete the survey, and those with incomplete medical records were also 

excluded. A detailed explanation of our study was given to all patients. All subjects gave their 

informed consent by signing the consent form. All procedures were previously approved by the 

Federal University of Juiz de Fora Ethics Committee (identification number: CAAE 

85801925.2.0000.5147). 

Table 1. Participants’ characteristics. 

Characteristic Value 

Age  
    Mean (SD) 50.51 (12.88) 

    Med (Min; Max) 49 (26;78) 

Gender (n)  
   Male (%) 66 (55%) 

   Female (%) 54 (45%) 

Hearing loss  

   No loss 58 (48.3%) 

   Mild 42 (35%) 

   Moderate 20 (16.7%) 

Laterality  

   Right 17 (18.9%) 

   Left 18 (20%) 

   Bilateral 55 (61%) 

Duration of Tinnitus (months)  

   < 6 4 (3.3%) 

   6 14 (11.7%) 

   7-12 43 (35.8%) 

   13-24 20 (16.7%) 

   > 24 39 (32.5%) 

2.2. Outcome Assessment 

The records contained the audiometry results for hearing loss, the time length of tinnitus, the 

tinnitus’ location (left, right, or both sides), the assessment of tinnitus loudness (‘How loud is your 

tinnitus?’: 0 = ‘no tinnitus’ and 10 = ‘as loud as imaginable’), analyzed using the Visual Analogue 

Scale (VAS). The VAS includes a 10 cm straight line, indicating the absence of symptoms at one end 

and the most serious tinnitus condition at the other end. The VAS was also used to assess the tinnitus’ 

discomfort following the same previously mentioned description. The VAS results were qualitatively 

classified as follows: mild (0–3), moderate (4–7) and severe (8–10) [30].  

 The Tinnitus Handicap Inventory (THI) was developed by Newman and Jacobson, [31] 

consisting of a 25-item self-administered questionnaire. For this study, the validated Portuguese 

version of THI was used to assess the functional, emotional, and catastrophic dimensions of tinnitus 

disturbance [32]. The THI total score was subdivided into 5 grades according to the severity of self-

perceived annoyance, as follows: Grade 1 (0–16): Slight (only heard in quiet environments); Grade 2 

(18–36): Mild (easily masked by environmental sounds and easily forgotten with activities); Grade 3 

(38– 56): Moderate (noticed in the presence of background noise, although daily activities can still be 
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performed); Grade 4 (58– 76): Severe (almost always heard, leads to disturbed sleep patterns and can 

interfere with daily activities); Grade 5 (78– 100): Catastrophic (Always heard, disturbed sleep 

patterns, difficulty with any activities) [31,32]. All assessments were performed before and after the 

intervention protocols. 

2.3. aVNS and TENS Protocols 

A point finder device (EL 11, NKL, Brusque/SC, Brazil) was used with a reference electrode to 

detect the low-level impedance auricular points (Figure 1a), one at the left cymba conchae, and 

another at the internal side of the tragus. Both sites are mainly innervated by the auricular branch of 

the vagus nerve [16]. With the patient side lying, the ear was cleaned using 70% alcohol solution, and 

disposable acupuncture needles (Dux, 0.25x15 mm, Porto Alegre/RS, Brazil) was 2-mm inserted over 

the detected auricular points. Two alligator electrodes’ ends were then connected to the needles to 

apply the electrical current. The electrical stimulation was generated with a biphasic square wave 

(pulse width: 250 µs, pulse frequency: 20 Hz) using a 2-channel TENS device (Neurodyn Portable, 

Ibramed, Amparo/SP, Brazil) for 15 min, with the needle and needle to tissue interface resistance ~4–

7 kΩ (Figure 1b). Depending on the patient’s discomfort, both the frequency and the time were 

reduced to 15 Hz and 12 min. The subjective tolerance threshold was set as the desired level for 

current’s intensity. 

 

Figure 1. The aVNS protocol: a. point finder device locating the low-level impedance points; b. electrical 

stimulation using the percutaneous vagus nerve stimulation. 

The C2 vertebrae was located by palpation, and two 3-cm diameter reusable circular electrodes 

(Valutrode, Arktus, Santa Teresa do Oeste, Paraná, Brazil) were positioned on the right and left sides 

of C2 nerves dermatomes (Figure 2). TENS (Neurodyn Portable, Ibramed, Amparo/SP, Brazil) 

consisted out of 30 min of biphasic rectangular electrical current with a pulse width at 150 µs. Over 

the first 10 minutes, the frequency was set at 40 Hz, followed by 10 min with a frequency set at 6 Hz, 

and the final 10 minutes in a burst mode (burst rate of 2 Hz, and within pulse frequency of 250 Hz). 

The subjective tolerance threshold was set as the desired level for current’s intensity. The aVNS and 

the TENS protocols were simultaneously delivered to the patient. 
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Figure 2. TENS protocol: C2 electrodes positioning. 

2.4. Photobiomodulation Protocol 

After the simultaneous aVNS and TENS protocols, a diode semiconductor AlGaAs 808 nm 

wavelength class II laser (Therapy EC, DMC, São Carlos/SP, Brazil) with a power of 100 mW was 

used to irradiate the ear canal (in the second curve of the canal). The duration of irradiation was 180 

s resulting in an energy density of about 18 J (Figure 3a). A second irradiation on the mastoid bone 

for 90 s delivered 9 J at the same wavelength (Figure 3b). 

 

Figure 3. Photobiomodulation protocol: a. transmeatal laser irradiation; b. mastoid irradiation. 

2.5. Statistical Analysis 

Normality and homogeneity were tested using the Shapiro-Wilk and the Levene’s tests, 

respectively. As the normality was not accepted, the non-parametric Wilcoxon test was used to 

compare the within-group differences (pre vs. post). Central tendency was reported using the 

median, along with minimum and maximum as dispersion measures. The frequencies of the pre vs. 

post ordinal classification for THI severity levels and VAS were compared using the McNemar’s test. 

The effect sizes (ES) were calculated using the Cohen d coefficient, qualitatively interpreted using the 

following thresholds: <0.2, trivial; 0.2–0.6, small; 0.6–1.2, moderate; 1.2–2.0, large; 2.0–4.0, very large; 

and >4.0, nearly perfect. All statistics were performed using the Jamovi software. (The Jamovi project 

[2021]. Version 1.6. Retrieved from https://www.jamovi.org (accessed on 11 March 2021)). 
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3. Results 

The VAS and THI continuous and ordinal data are summarized in Table 2. The pre-VAS was 

significantly higher than post-VAS for both loudness and discomfort (p = 0.001; ES = 2.01 [very large] 

and 2.23 [very large], respectively). Also, the pre-THI score was also higher compared to post-THI 

score (p = 0.001; ES = 2.28 [very large]). The tinnitus severity, classified by the THI (χ² = 71.9; p = 0.001), 

VAS loudness (χ² = 102; p = 0.001), and VAS discomfort (χ² = 107; p = 0.001) frequencies, decreased 

significantly after the intervention (Figures 4 and 5). 

Table 2. Tinnitus Handicap Inventory (THI) and Visual Analogue Scale (VAS) discomfort and loudness 

continuous and ordinal data. 

Outcome 
THI  

baseline 

THI  

post 

VASdiscomfort  

baseline 

VASdiscomfort  

post 

VASloudness  

baseline 

VASloudness  

post 

Median (min;max) 62 (36;90) 18 (0;68) 7 (2;10) 1 (0;7) 7 (3;10) 2 (0;7) 

Frequency 

n (%) 

Slight 0 52 (43.3%) N/A N/A N/A N/A 

Mild 1 (0.8%) 45 (37.5%) 1 (0.8%) 97 (80.8%) 9 (7.5%) 99 (82.5%) 

Moderate 44 (36.7%) 20 (16.7%) 72 (60%) 22 (18.3%) 54 (45%) 20 (16.7%) 

Severe 56 (46.7%) 3 (2.5%) 47 (39.2%) 1 (0.8%) 57 (47.5%) 1 (0.8%) 

Catastrophic 19 (15.8%) 0 N/A N/A N/A N/A 

Legend: N/A = not applicable. 

 

Figure 4. THI frequencies at baseline and post-intervention. 
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Figure 5. VAS frequencies (Discomfort and Loudness) at baseline and post-intervention. 

4. Discussion 

The current findings suggest within-group effectiveness of combining techniques to treat 

tinnitus. THI and both VAS (loudness and discomfort) scores were lower after the intervention 

compared to their baseline values. Also, the severity frequencies were also mitigated after the 

treatment. Marked differences were noted for almost all patients, with very large ES for all variables.  

Analyzing the average ES for each technique, other studies observed mild to moderate sizes 

[11,27,33]. For aVNS, a meta-analysis showed a significant moderate effect on THI (ES = 0.69; p = 0.04), 

but not significant on VAS loudness (ES = −0.01; p = 0.97), nor for on tinnitus discomfort (ES = 0.31; p 

= 0.34) [25]. A meta-analysis demonstrated improvement in THI with TENS treatment with an ES of 

0.62, with a reported mean difference of −7.5 (95% confidence interval, −10.93 to −4.18; p < 0.001), and 

the severity of tinnitus on VAS with an ES of 0.31, with a mean difference of −0.65 (95% CI, −0.99 to 

−0.30; p < 0.001) [14]. For photobiomodulation, a meta-analysis returned an even smaller non-

significant ES of 0.12 for THI, with a mean difference of −2.85 (95% confidence interval, −8.99 to 3.28; 

p = 0.362) [34]. Another recent meta-analysis analyzed the placebo effect on THI in tinnitus patients 

[35]. Mean difference between pre vs. posttreatment THI scores of all placebo arms was 5.6 (95% 

confidence interval, 3.3 to 8.0; p < 0.001). For VAS loudness, the mean difference was 0.8 (95% 

confidence interval, 0.0 to 1.6; p = 0.05). As noticed, the interventions’ THI and VAS mean differences 

are close to placebo values, suggesting an even smaller effect using the isolated techniques. In the 

other hand, the present study showed very large ES considering the THI scores, and the VAS 

loudness and discomfort, with larger mean differences for all clinical variables, suggesting a possible 

techniques’ synergy. 

The synergistic effect might be explained by the techniques’ neurophysiological mechanism of 

action. The auricular branch of the vagus nerve provides afferent signals to the nucleus of the solitary 

tract, which communicates with the locus coeruleus and the dorsal motor nucleus of the vagus nerve 

[25,36]. This network modulates the autonomic nervous system, balancing parasympathetic and 

sympathetic activity [16,37,38]. In tinnitus, a sustained sympathetic tone can exacerbate the 

symptoms by increasing arousal and stress [13,19,20,38]. As the aVNS decreases this tone, while 

relaxation and reduced auditory hyperexcitability is provided. Later fMRI studies have demonstrated 

that active aVNS significantly increases neural activity in regions such as the right caudate, bilateral 

anterior, left prefrontal cortex, cerebellum, and mid-cingulate compared to sham stimulation, also 

reducing functional connectivity between the posterior cingulate cortex and the lingual gyrus; and 
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suppressing the activity in auditory, limbic, and other brain regions associated with tinnitus 

generation mechanisms [22]. Additionally, vagus nerve stimulation enhances plasticity by promoting 

long-term potentiation or long-term depression of neural circuits, potentially normalizing abnormal 

auditory signals [23,39,40]. By modulating the autonomic nervous system and promoting neural 

plasticity, aVNS likely reduces the perception and emotional distress of tinnitus. This aligns with 

studies showing improvements in anxiety and emotional regulation through vagus nerve 

modulation [41,42]. 

Similarly, TENS applied to the C2 dermatome stimulates afferent somatosensory fibers, which 

project to the dorsal column nucleus and dorsal cochlear nucleus (DCN) [6,13]. The DCN plays a 

pivotal role in integrating auditory and somatosensory signals. Tinnitus enhance hyperactivity in the 

DCN, particularly in somatosensory tinnitus, where altered somatosensory input amplifies auditory 

signaling [6]. TENS enhances the inhibition, normalizing the excitation-inhibition balance and 

reducing tinnitus perception [42,43]. Modulation of the DCN through somatosensory pathways 

alleviates aberrant auditory signals. Previous studies have shown that cervical TENS improves 

tinnitus symptoms in cases modulated by somatosensory input [6,13,14]. 

Photobiomodulation uses low-level laser light to stimulate cellular activity in the cochlea and 

auditory nerve [28,44]. The infrared laser light (808 nm wavelength) penetrates tissues, promoting 

mitochondrial activity and ATP production, which enhances cellular repair and neuroprotection 

[27,45]. Photobiomodulation increases blood flow in the cochlear region, supporting the recovery, 

reducing oxidative stress, both implicated in tinnitus pathology [45,46]. By reducing oxidative stress 

and promoting tissue repairing, the photobiomodulation can mitigate damage associated with 

tinnitus [47,48]. This aligns with findings that PBM improves hearing thresholds and reduces tinnitus 

severity in some patients. 

Other studies combined distinct types of stimulation to treat tinnitus. A recent study compared 

auditory stimuli (music and white noise) with and without aVNS [49]. The group with aVNS showed 

significantly lower THI and mismatch negativity scores compared to the group without aVNS. To 

treat tinnitus, a recent study combined a bimodal therapy consisted by tongue electrical stimulation 

with sound therapy (pure tone bursts presented binaurally), and compared to sound therapy alone 

[50]. The bimodal therapy showed significant better results in THI scores than sound therapy alone. 

Despite those promising results, a study showed no between-group significant differences for THI, 

VAS and quality of life scores in tinnitus patients comparing a combination of transcranial random 

noise stimulation (tRNS) and acoustic stimulation with wideband noise [51]. However, the within-

group ES was higher for the group receiving the combination compared to the tRNS alone group. 

Another study also failed to demonstrate the superiority of a bimodal intervention over a single 

technique [52]. In this study, the first group received only music therapy, while the second group 

listened to binaural alpha beats merged with the music therapy. Both groups showed improvements 

in tinnitus, but no between-group differences were observed. The current study showed not only 

within-group significant differences for THI, VAS loudness and discomfort, but also a very large ES 

using the combined intervention, suggesting that such synergy would greatly benefit the tinnitus’ 

patient. 

Limitations must be addressed to the present study. Due to the retrospective design, no control 

group was added to the present analysis. As a retrospective quasi-experimental study, the lack of 

randomization and blinding introduces potential biases. For example, selection bias or observer bias 

could influence the results. Further studies must consider the inclusion of a sham group for between-

group comparison. Also due to the clinical design, the study relies heavily on self-reported measures 

like VAS and THI, which are subjective and prone to bias. Objective measures, such as 

electrophysiological data or imaging, would strengthen the findings. The study does not assess the 

sustainability of the observed effects. Long-term follow-up is necessary to evaluate whether the 

benefits persist after treatment ends. The study examines the combined effect of aVNS, TENS, and 

photobiomodulation but does not isolate the contribution of each technique, limiting the 

understanding of which component(s) drive the observed benefits. 
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5. Conclusions 

The findings of this retrospective study suggest that a combined intervention using auricular 

vagus nerve stimulation, cervical transcutaneous electrical nerve stimulation (TENS), and 

transmeatal photobiomodulation may significantly reduce tinnitus loudness and discomfort, as well 

as improve the overall perceived handicap caused by tinnitus. The very large effect sizes observed in 

this study indicate a potential synergistic effect of the neuromodulatory techniques, surpassing the 

results typically achieved with isolated interventions. The combined approach could represent an 

important step toward improving the quality of life for patients suffering from this challenging 

condition. 
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