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Abstract

Background: Increasing evidence supports the existence of a somatosensory subtype of
tinnitus, in which craniocervical–craniomandibular structures can modulate tinnitus per-
ception also through central auditory pathways. Despite growing mechanistic evidence, no
targeted pharmacological intervention has been validated for this subtype. Objectives: This
study aimed to synthesize the anatomical and neurophysiological rationale linking masseter
hyperactivity to somatosensory tinnitus and to discuss BoNT/A as a hypothesis-generating
therapeutic option requiring clinical validation. Methods: A PRISMA-ScR-guided scoping
review was conducted in MEDLINE and EMBASE, using three complementary search lines
(last search: 31 May 2026). Results: Of 284 records screened, four studies met eligibility
criteria: three from the search strategy on BoNT/A and tinnitus and one from the search
strategy on tinnitus and masticatory dysfunction. One additional record (Ranoux and
Levine, 2024) was identified through manual search, describing tinnitus improvement
following periauricular and splenius capitis BoNT/A injections, with masseter/temporalis
injection proposed as an alternative site in the same protocol. Conclusions: Current
anatomical and neurophysiological evidence supports a plausible link between masseter
hyperactivity and somatosensory tinnitus in selected patients. BoNT/A is established for
reducing masseter hyperactivity and may theoretically reduce abnormal somatosensory
input; however, direct clinical evidence for tinnitus improvement remains insufficient. Its
use should be considered experimental or hypothesis-based, within a multidisciplinary
framework and with standardized outcome assessment. Prospective controlled trials
are needed.

Keywords: tinnitus; masseter muscle hypertonia; masseter muscle hypertrophy; bruxism;
temporomandibular disorder; botulinum toxin

Key Contribution: This review synthesizes current evidence linking masseter muscle
dysfunction to somatosensory tinnitus and explores underlying peripheral and central
mechanisms. It also discusses the potential, yet still evolving, role of botulinum toxin type
A as a therapeutic option.

1. Introduction
Tinnitus, especially when persistent and bothersome, can severely affect quality of life,

causing sleep disturbance, difficulty in concentration, social and emotional impairment,
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anxiety, and depression [1–4]. Among tinnitus subtypes [5–7], somatosensory tinnitus, in
which non-auditory inputs modulate perception, has attracted growing interest, particularly
in relation to craniomandibular dysfunction, bruxism, and masseter muscle pathology.

Botulinum toxin type A (BoNT/A) is established for reducing hyperactivity in mas-
ticatory muscles across aesthetic and functional indications, including bruxism and tem-
poromandibular disorders (TMDs) [8,9], but direct clinical evidence supporting its use
specifically for tinnitus remains limited [10–12]. The neurophysiological basis for this
connection hinges on the dorsal cochlear nucleus (DCN), where trigeminal somatosensory
inputs from the masseter converge with auditory pathways, providing a plausible substrate
for peripherally driven tinnitus modulation.

Given the absence of sufficient homogeneous primary studies and direct evidence
in support of a meta-analytic approach, a scoping review design was selected to map the
available evidence, identify knowledge gaps, and generate hypotheses for future controlled
trials—specifically regarding the anatomical and neurophysiological rationale linking
masseter hyperactivity to somatosensory tinnitus and the potential role of BoNT/A as a
hypothesis-driven therapeutic option.

2. Results
After applying the search strategy and study selection criteria, and after screening for

title, abstract and full-text assessment, the first search line produced three eligible studies,
while the second identified one study eligible for inclusion [13–16]. Considering the limited
evidence available, one additional record was identified outside the primary database
search: a conference abstract by Ranoux and Levine [17] describing two patients with
non-pulsatile tinnitus who experienced symptom improvement following botulinum toxin
injections into the periauricular muscles and splenius capitis.

A PRISMA-ScR flow diagram illustrating the study selection and screening process is
provided in Figure 1.

Figure 1. PRISMA-ScR flow diagram illustrating the research strategy.

Table 1 provides a structured overview of the included studies, detailing study design,
population, intervention, outcome measures, and main findings.
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Table 1. Charting of included studies.

Study (Ref.) Design Population Search Line Intervention Outcome Measure Main Finding

Michiels, 2023 [13] NR ST patients; broad
population

2—Pathophysiological
rationale NA

Narrative synthesis of
diagnosis and treatment
options

Identifies neck/jaw region
dysfunction as a key
contributor to ST; CN
neuron interaction in ST; ST
treatment with
musculoskeletal treatment
and other techniques, such
as BoNT/A

Láinez
& Piera, 2007 [14] NR ST patients; 1—Direct

evidence NA
Narrative synthesis of
treatment options with
BoNT/A focus

TMJ disorders are often
associated with tinnitus;
BoNT/A actions could
explain tinnitus relief

Stidham et al., 2005 [15] DB-RCT
(crossover)

Tinnitus patients;
n = 26;
control group receiving
placebo

1—Direct
evidence

BoNT/A injection into
periauricular muscles (not
masseter-targeted)

Tinnitus loudness and
subjective distress

Results suggest a positive
effect of BoNT/A on tinnitus
(recommendation for a
larger study to document
the potential benefits)

Ranoux &
Levine, 2021 [16] PCS′

CM patients;
n = 57; of these, n = 5
with tinnitus

1—Direct
evidence

BoNT/A injection into the
temporalis, corrugator, and
trapezius, depending on the
patients’ symptoms

In 2 patients, tinnitus
disappeared, and in
3 patients, it was reduced by
more than 70%

Tinnitus improvement
reported

Ranoux &
Levine, 2024 [17] CA*

CM patients with
non-pulsatile tinnitus;
n = 2

1—Direct
evidence

BoNT/A injection into the
splenius and periauricular
muscles

1 patient with no tinnitus for
4 months
1 patient with no tinnitus for
2 years

Proposition of a therapeutic
approach for non-pulsatile
tinnitus

NR = Narrative Review. DB RCT = Double-Blinded Randomized Clinical Trial. PCS′ = Prospective Cohort Study with serendipitous finding. CA* = conference abstract, not a full
peer-reviewed article. ST = somatosensory tinnitus. CN = cochlear nucleus. TMJ = temporomandibular joint. CM = chronic migraine. Note: Ref. [17] was identified through manual
search outside the formal database screening process and is not counted among the four studies in the PRISMA-ScR flow diagram. It is included here for completeness given its relevance
to periauricular/splenius-targeted BoNT/A in tinnitus, with the masseter proposed as an alternative site.
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3. Discussion
3.1. Tinnitus and Its Somatosensory Subtype

Tinnitus is defined as the perception of sound in the absence of an external auditory
stimulus [5–7,18–20]. A recent systematic review and meta-analysis estimated that the
overall global prevalence of any type of tinnitus among adults is 14.4%. Despite extensive
research, the underlying aetiology remains unknown in a significant percentage of patients
(primary or idiopathic tinnitus) [5,6,18–22].

Somatosensory or somatic tinnitus (ST) is characterized by modulation of tinnitus
by movements or pressure involving the head, neck or jaw, as well as coexisting muscu-
loskeletal disorders [23]. ST is defined by Haider et al. [24] as “a generally agreed subtype
of tinnitus that is associated with activation of the somatosensory, somatomotor, and visual-
motor systems. A key characteristic of somatosensory tinnitus is that is modulated by
physical contact or movement”. Within the broader heterogeneous population, patients
with ST may represent a subgroup in which targeted neuromuscular interventions, such
as therapies directed at the craniocervical and craniomandibular systems, may be more
effective than purely auditory approaches [13,25,26]. Ralli [27] reported that this subtype
may be present in approximately 33% and 85% of patients with tinnitus.

Classifications based on duration further define tinnitus as acute (present for less than
3 months), subacute (3–6 months) and chronic (more than 6 months) [5–7,21]. Tinnitus can
be classified as subjective or objective and pulsatile or non-pulsatile, and the condition may
be constant or intermittent and unilateral or bilateral.

In cases of suspected somatosensory involvement, recent international guidelines
have proposed an approach that integrates both the patient’s medical history and focused
examinations. Further evaluation by dental specialists and ENT doctors may be necessary
to assess masseter muscle hyperactivity and cervical pathology [28–30].

3.2. The Masseter Muscle as a Pathophysiological Hub

The masseter is one of the primary muscles of mastication; it consists of superficial and
deep parts. Its main function is to elevate the jaw and it is innervated by the mandibular
branch of the trigeminal nerve (motor branch), closely connected to the tensor tympani and
temporomandibular joint (TMJ) [31–37]. In addition to the masseter, several other muscles
(temporalis [38], pterygoids [39–43], sternocleidomastoid [44,45], trapezius [45], and tensor
tympani [46]) within the cervical and craniomandibular region play important roles in
jaw movement and have the potential to influence tinnitus symptoms. The interaction
between masticatory muscles and the ear was termed otognatic syndrome by Myrhaug
(1964) [47] and otomandibular syndrome by Bernstein (1969) and Arlen (1977) [46]. From a
neuroanatomical standpoint, the primary proprioceptive neurons of the masseter are unique
in that their cell bodies are located not in a peripheral ganglion but within the brainstem
itself. Unlike the spindle afferents of spinal muscles (whose cell bodies reside in peripheral
dorsal root ganglia), the primary proprioceptive neurons of the masseter project to the
mesencephalic trigeminal nucleus (MTN), the only sensory nucleus of the central nervous
system to house first-order proprioceptive neuron cell bodies. This unique arrangement,
recently characterized at the molecular and developmental levels [48], positions the MTN
as a direct interface between masseter-derived sensory input and central trigeminal circuits,
and carries plausible specific implications for the pharmacological modulation of masseter
proprioception discussed in Section 3.5.1.

An increasing number of studies have consistently described that not every case of
tinnitus originates exclusively from the auditory pathways; the musculoskeletal system
(particularly TMD and dysfunction of the cervical spine) is responsible for a significant
percentage of cases of somatosensory tinnitus [5,25,49,50].
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In 1993, Jastreboff and Hazell [51] shifted the understanding of tinnitus by proposing a
neurophysiological model focused on central mechanisms. Their framework suggests tinnitus
results from changes in neural processing within central auditory pathways and their links
to other brain systems. The auditory and the somatosensory systems converge and interact
within the DCN. If the activity of the DCN’s somatosensory interacting fusiform cells exceeds
an individual’s tinnitus threshold, then tinnitus results [52]. As reported by several authors, an
increased spontaneous firing rate of neurons in the central auditory system is one possibility
for the neural substrate of tinnitus [53–56]. Salvinelli and colleagues [57] proposed the “double-
hit” hypothesis, where a neural signal in auditory or somatosensory pathways causes higher
auditory centres to mimic activity patterns seen with external sounds. They noted that TMJ
is innervated by the auriculotemporal nerve (ATN), a branch of the mandibular trigeminal
nerve. Due to anatomical proximity, forced contralateral TMJ movements may irritate the
ATN, activating neural responses relayed to the DCN. Somatosensory signals via the ATN
could thus induce abnormal neural activity in central auditory pathways.

Salvinelli et al. [57] further proposed that reduced serotonergic modulation in the
dorsal cochlear nucleus may lower the threshold for abnormal neural activity, potentially re-
inforcing tinnitus memory circuits (a mechanism that may interact with the somatosensory
inputs described above).

Moreover, evidence indicates that cervical spine issues, especially in the upper seg-
ments (C1–C3) and craniomandibular system, can directly influence or modulate so-
matosensory tinnitus through neural connections with auditory pathways [58].

Clinical evidence supports the relevance of masseter hyperactivity specifically. In a sam-
ple of 163 patients, jaw muscle maneuvers (particularly teeth clenching and jaw opening) were
associated with increased tinnitus loudness in a significant proportion of cases, corroborating
the clinical relevance of masticatory muscle activity in tinnitus modulation [59].

Somatic modulation of tinnitus demonstrates multisensory integration, where one
sense influences another. Numerous studies show that many people can alter their tinnitus
by moving their head, neck, or limbs [59,60]. D’Amato et al. have recently reported
that patients with somatosensory tinnitus exhibit significantly higher frequencies of oral
behaviours [61]. Recent electrophysiological evidence strengthens this connection. In a
2025 study, Didier et al. compared masticatory muscle activity in patients with TMD with
and without somatosensory tinnitus, demonstrating that muscle activity patterns differ
significantly between groups, suggesting that altered masseter and temporalis function
may contribute to tinnitus modulation [30].

Muscle tone and force output rise during parafunctional activities, which include
tooth grinding, clenching, chattering, nail biting, tongue pressing, and frequent gum chew-
ing, potentially resulting in intra-articular soft tissue damage [62,63]. These interactions
among muscle, bones and cartilage create complex pathways involving growth factors and
interleukins, which are still not completely understood [64].

3.3. Clinical Relevance and Diagnosis

The pathophysiological mechanisms described above (trigeminal–auditory conver-
gence, parafunctional overloading, and myofascial sensitization) frequently occur in the
context of overlapping clinical entities that require explicit differentiation (Table 2).

Clinical criteria for suspicion of somatosensory tinnitus include tinnitus arising or
worsening with bruxism, TMJ pain, or recent head/neck trauma (i); intensity or pitch
changes with movements of the jaw, neck, or even eyes (ii); and relief after physical
therapy, muscle relaxation, or dental bite adjustment (iii). Recommendations for diagnostic
assessment through clinical history and clinical examination are generally founded more
on expert consensus than on evidence derived from systematic controlled trials.
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Table 2. Different clinical entities involved in the pathophysiological rationale.

Clinical Entities Definition Notes

Masseter Hypertrophy (MMH) [28]

An enlargement of the masseter
muscle, presenting as a visible or
palpable swelling at the
mandibular angle.

Idiopathic or associated with increased
functional loading. Pain could be absent.

Masseter Hypertonia (MH) [65]
Persistent increase in resting
muscle tone and excessive activity
during function.

Frequently linked to parafunctional
behaviours.

Myofascial Pain (MP) [66]

A pain syndrome arising from
hyperirritable myofascial trigger
points within skeletal muscle or
its fascia.

Pain patterns can include the ear and
otologic symptoms.

Bruxism [67]

A repetitive masticatory activity
characterized by clenching or
grinding the teeth and/or thrusting
the jaw.

Behavioural phenomenon. May occur
awake or when asleep. Can cause
tooth wear, TMJ and/or muscular pain,
joint locking and noise. May act as a
risk factor for TMD and MH.

Temporomandibular Disorder
(TMD) [68,69]

A heterogeneous group of
conditions of musculoskeletal and
neuromuscular conditions affecting
the temporomandibular joint (TMJ),
masticatory muscles, and
associated structures.

Can cause pain in the jaw, face, and
neck, and may present with headaches,
earache, clicking, popping, or crepitus
in the temporomandibular joint, and
impaired mandibular function.

3.4. Treatment and Management

A comprehensive diagnostic work-up is a prerequisite [70,71]. European guide-
lines [21], NICE recommendations [72], and recent expert position statements guide the
management of tinnitus. Clinical practice guidelines for TMD aim to guide decision-making
but often differ in recommendations and have notable development limitations. Four of the
five latest guidelines lack methodological details and only list treatment options without
addressing comparative effectiveness or evidence certainty [68].

Tinnitus counselling is the first step, providing information, coping strategies, stress
management, relaxation techniques, emotional support, and boosting self-efficacy. Au-
ditory treatments (hearing aids and sound therapy) are strongly recommended in the
presence of significant hearing loss. Evidence-based guidelines grant a strong recommen-
dation to Cognitive Behavioural Therapy (CBT) for reducing tinnitus-related distress and
improving quality of life. CBT alters maladaptive cognitive and behavioural responses,
such as catastrophic misinterpretation and safety-seeking avoidance [21,22,60].

Pharmacological treatments (e.g., muscle relaxants, anticonvulsants, and antidepres-
sants) have limited effectiveness for primary tinnitus but are considered for relevant comor-
bidities [72–79]. Current guidelines recommend against the routine use of anticonvulsants
or antidepressants for primary tinnitus treatment.

Orofacial physical therapy, which includes manual mobilization, massage of the masti-
catory muscles, and stretching exercises, has demonstrated significant efficacy [80,81]. Van
der Wal et al. [81] and De la Serna et al. [82] observed a clinically significant improvement
after orofacial therapy.

Conversely, while occlusal splints are standard for TMD, their isolated effectiveness
for tinnitus improvement remains mixed, often requiring combination with other therapies
to be effective [66,80,83,84].
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Targeted deactivation of myofascial trigger points (MTPs) in the masseter represents a
further avenue: MTPs are strongly associated with tinnitus modulation and lateralization,
and their palpation frequently produces transient tinnitus alteration—implicating both
somatosensory–auditory interactions and the sympathetic nervous system [25,66]. Dry
needling has shown efficacy in reducing emotional and functional discomfort associated
with chronic somatosensory tinnitus [84–87]. Other neuromodulation and psychological
approaches (e.g., photobiomodulation, neuromodulation, eye movement desensitization
and reprocessing) have been explored but are beyond the scope of this review.

3.5. Botulinum Toxin Type A: Mechanistic Rationale and Available Evidence
3.5.1. Mechanisms of Action Relevant to Masseter Muscle and Pain

BoNT/A is a neurotoxin with seven serotypes, and due to its well-established safety
profile and efficacy, BoNT/A is the most thoroughly researched and widely implemented
in clinical practice (aesthetic medicine, oncology, neurology, rehabilitation, and dentistry).
By inhibiting acetylcholine release at the neuromuscular junction, BoNT/A reduces exces-
sive muscle activity and pathologic somatosensory input from the masseter [65]. In vitro
and in vivo studies have demonstrated that BoNT/A inhibits the release of nociceptive
mediators such as glutamate, substance P, and calcitonin gene-related peptide (CGRP) from
nociceptive fibres [88,89], suggesting a direct anti-nociceptive action. Moreover, through
a peripheral mechanism, BoNT/A has also been shown to inhibit central sensitization of
central trigemino-vascular neurons, a key process in migraine [90].

Beyond its well-known action on extrafusal muscle fibres, BoNT/A also acts on
muscle spindles by blocking the γ-motoneurons that regulate spindle sensitivity. This
reduces afferent sensory output from the muscle independently of its effect on contrac-
tion strength [91,92]. In the masseter specifically, animal studies have demonstrated a
reduction in spindle afferent discharge following BoNT/A injection while muscle tension
remained unaffected [93]—a finding whose functional significance is amplified by the
unique neuroanatomy of masseter proprioception: spindle afferents project directly to the
MTN (see Section 3.2), placing BoNT/A-induced proprioceptive modulation within central
trigeminal circuits from the first synaptic relay. The broader relevance of spindle-mediated
central effects is supported by neuroimaging evidence in humans: a single BoNT/A in-
jection into dystonic neck muscles produced widespread normalization of sensorimotor
cortical activation in non-injected body segments, interpreted as correction of maladaptive
plasticity through reduced aberrant spindle afferent input [94,95]. Whether an analogous
proprioceptive mechanism in the masseter could contribute to the modulation of the
trigeminal–DCN pathway relevant to somatosensory tinnitus has not been investigated
and remains speculative.

Recent longitudinal studies using myotonometry have quantified these effects, show-
ing that BoNT/A produces measurable, long-lasting reductions in masseter muscle tension
and stiffness [65,96]. Electromyographic studies have demonstrated a reduction in neuro-
muscular activity after BoNT/A treatment.

3.5.2. BoNT/A Administration: Dose and Accuracy

Reported BoNT/A doses for masseter injection in the TMD and bruxism literature
typically range from 24 to 60 U per side (onabotulinumtoxinA/incobotulinumtoxinA
equivalent) or 60–300 U for abobotulinumtoxinA, administered intramuscularly at three to
five points within the muscle belly, with effects generally lasting 3–6 months [97]. Higher
cumulative doses have been reported in Asian populations with more pronounced masseter
prominence, where anatomical differences in masseter development and mandibular angle
morphology may justify dose adjustment [98].

https://doi.org/10.3390/toxins18070310

https://doi.org/10.3390/toxins18070310


Toxins 2026, 18, 310 8 of 16

Precision is a key factor for the correct administration of BoNT/A; for this reason,
ultrasound (US) guidance has increasingly been adopted to improve the injection accuracy
of BoNT/A into facial and masticatory muscles, allowing real-time visualization of muscle
boundaries, vascular structures, and the parotid gland, thereby reducing the risk of diffu-
sion into adjacent tissue [99–102]. While US-guided injection protocols for the masseter are
well described in the context of masseter hypertrophy and bruxism [103], their application
specifically for tinnitus-related indications has not yet been investigated and represents an
area for future methodological standardization [104].

3.5.3. Indirect Evidence: BoNT/A in Temporomandibular and Masticatory Muscle Conditions

Contemporary clinical practice guidelines and recent studies regarding temporo-
mandibular disorders primarily advocate for conservative, reversible interventions in the
management of chronic TMD pain. Although guidelines explicitly recognize somatosen-
sory influences, they do not yet provide detailed, mechanism-based recommendations for
pharmacologic or minimally invasive treatments targeting the musculoskeletal system,
with limited or no routine endorsement of BoNT/A [68].

At the same time, guideline panels and expert consensus statements highlight the
importance of developing personalized treatment strategies and call for research in under-
represented subgroups, including patients with somatosensory tinnitus [22,26]. From
a clinical perspective, these patients often experience substantial burden and may have
exhausted standard auditory-based therapies [13]. In this setting, interventions directed
at masseter hypertonia [65] represent a pathophysiologically grounded, though still ex-
perimental and hypothesis-based, treatment option that directly addresses a plausible
peripheral driver of tinnitus.

3.5.4. Direct Evidence on BoNT/A in Tinnitus

A few reports have described tinnitus improvement with different sites and techniques
of BoNT/A administration. Direct clinical evidence on BoNT/A specifically for tinnitus
remains limited to a small number of studies, most of which address subtypes other than
the somatosensory phenotype (including palatal tremor, hemifacial spasm, and middle ear
myoclonus) or report periauricular injection sites rather than masseter-targeted approaches.

Láinez and Piera [14] in their narrative chapter described the potential benefit of
BoNT/A treatment in tinnitus patients, underscoring the neurophysiological link consistent
with trigeminal–auditory modulation (i), the nociceptive actions of BoNT/A (ii), and its
peripheral mechanism (iii).

Stidham et al. [15] evaluated BoNT/A in a small sample of tinnitus patients receiving
either BoNT/A or placebo at different times and observed a positive effect after subcutaneous
periauricular injections of onaBoNT/A. The authors recommend a larger study to document
the generalizability and repeatability of the results before drawing definitive conclusions.

Ranoux and Levine (2021) [16], studying a cohort of 57 patients with chronic migraine
variably treated with onaBoNT/A injections in the temporalis, corrugator, and trapezius
muscles, identified five subjects with demonstrated chronic tinnitus improvement. Specifi-
cally, tinnitus completely disappeared in two patients, whilst in the other three an estimated
loudness reduction by more than 70% was observed.

Ranoux and Levine (2024) [17], in their two-patient report published as a conference
abstract, observed non-pulsatile tinnitus improvement following injections targeting pe-
riauricular muscles and splenius capitis—proposing the following approach to treating
non-pulsatile tinnitus using incoBoNT/A: injection of 10 U to each periauricular muscle,
15 U in splenius capitis, or 15 U in the temporalis and masseter muscles.

https://doi.org/10.3390/toxins18070310
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Collectively, these studies are insufficient to establish clinical efficacy: sample sizes
are small and methodologies heterogeneous, and none specifically enrolled patients with
somatosensory tinnitus related to masseter hyperactivity.

3.6. Proposed Clinical Framework

The anatomical and pathophysiological evidence presented supports the masseter
muscle as a plausible peripheral driver of somatosensory tinnitus, particularly through its
trigeminal connections to the dorsal cochlear nucleus and its role in parafunctional loading
of the TMJ. This rationale, however, remains inferential: it is based on neuroanatomical
plausibility and indirect clinical observations rather than prospective interventional data.

Within this framework, a clinically coherent approach can be evaluated for a highly
selected population: patients in whom somatosensory tinnitus is plausibly related to
masseter hyperactivity, after thorough exclusion of audiological and neurological causes,
and in whom standard conservative reversible therapies have proven insufficient. In this
subgroup, BoNT/A targeting the masseter could be explored in future controlled studies,
within a multidisciplinary setting, as a hypothesis-driven intervention.

This position is consistent with the broader trajectory of guideline development in
both TMD and tinnitus management, which increasingly calls for personalized treatment
strategies and targeted research in under-represented subgroups. It does not constitute a
treatment recommendation [26]. As reported by Delcanho et al., due to the considerable
variations in study methods and results, small sample size, and absence of an established
injection protocol, the role of BoNT/A needs further and more detailed research [10].

4. Limitations of This Study
First, this study was conducted as a scoping review rather than a systematic review,

and the literature selection was not based on a predefined protocol with structured risk-
of-bias assessment. The included studies originate from different countries and clinical
settings, with heterogeneous patient populations, diagnostic criteria for somatosensory
tinnitus, and varying definitions of masseter hypertonia and temporomandibular disorders.
Second, most of the available clinical evidence (particularly regarding botulinum toxin
type A in tinnitus) derives from the low quality of evidence studies. Third, outcome
measures across studies are not uniform, ranging from subjective tinnitus questionnaires
to electrophysiological or biomechanical assessments, making direct comparison difficult.
Finally, the pathophysiological link between masseter hyperactivity and tinnitus remains
largely inferential and based on neuroanatomical and neurophysiological plausibility rather
than robust prospective interventional trials. Additionally, the search was restricted to
English-language publications, which may introduce selection bias by excluding potentially
relevant studies published in other languages. These limitations highlight that future
research should focus on evaluating current evidence-based treatments for TMD, MMH,
MH, and bruxism, as well as the correlation with somatosensory tinnitus. Furthermore,
well-designed, adequately powered, prospective studies with standardized diagnostic
criteria and validated outcome measures are needed to address this coexisting condition.

5. Conclusions
Current anatomical and neurophysiological evidence supports a plausible link between

masseter hyperactivity and somatosensory tinnitus in selected patients, including through
proprioceptive pathways whose modulation by BoNT/A has been documented in analogous
craniocervical contexts. BoNT/A is established for reducing masseter hyperactivity and may
theoretically reduce abnormal somatosensory input; however, direct clinical evidence for
tinnitus improvement remains insufficient. Its use should be considered experimental or
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hypothesis-based, within a multidisciplinary framework and with standardized outcome
assessment. Future prospective trials should address the key methodological gaps identified
by this review: validated diagnostic criteria for somatosensory tinnitus as inclusion criteria,
injection protocols targeting masticatory or cervical muscles, and adequate follow-up with a
control arm. Prospective controlled trials addressing these elements are the necessary next
step to determine whether this rationale translates into clinical benefit.

6. Materials and Methods
The present scoping review was not designed to test a priori hypotheses; rather, it

aims to map the available evidence and identify gaps in the current literature. Studies of
patients with tinnitus, specifically somatosensory tinnitus, occurring in association with
temporomandibular disorders (TMDs), bruxism, masseter hypertrophy, or masticatory
muscle dysfunction were considered. The use of botulinum toxin injections targeting the
masseter muscle and/or other masticatory muscles for the management of tinnitus or
tinnitus-related conditions, in any clinical setting (including otolaryngology, audiology,
dentistry, oral and maxillofacial surgery, pain medicine, neurology, and rehabilitation) was
considered. No protocol registration was completed prior to the conduct of this review;
this is acknowledged as a limitation and is further discussed in Section 5.

Given the limited direct evidence on BoNT/A injections into the masseter muscle
specifically for somatosensory tinnitus, and to maximize sensitivity, a multi-step search
strategy was conducted across MEDLINE and EMBASE databases from inception to 31 May
2026. When the three search lines were combined into a single query combining all three
domains (BoNT/A, masticatory muscles, and tinnitus), limited results were retrieved after
applying study-type filters, confirming the near-total absence of direct clinical evidence
and justifying a multi-step approach.

The search strategy consisted of three complementary lines, detailed in Table 3, covering
direct evidence (BoNT/A and tinnitus), pathophysiological rationale (tinnitus and masticatory
dysfunction), and contextualisation (BoNT/A and masticatory muscle conditions).

Table 3. Search strategy per database and search line.

Search Line Focus Database Boolean Strings Results

1—Direct
evidence

BoNT/A and
tinnitus

MEDLINE
(PubMed),
EMBASE

(“botulinum toxin” [tiab] OR
Botox [tiab] OR BoNT/A [tiab])
AND (tinnitus [tiab] OR
“somatosensory tinnitus” [tiab])

3 eligible studies

2—Pathophysiological
rationale

Tinnitus
and TMD

MEDLINE
(PubMed),
EMBASE

(tinnitus [tiab] OR “somatosensory
tinnitus” [tiab]) AND (masseter
[tiab] OR bruxism [tiab] OR
“masseter hypertrophy” [tiab] OR
“masseter hypertonia” [tiab] OR
“myofascial pain” [tiab] OR
“temporomandibular disorder *”
[tiab] OR TMD [tiab])

1 eligible study

3—Context only * BoNT/A
and TMD

MEDLINE
(PubMed),
EMBASE

(“botulinum toxin” [tiab] OR
Botox [tiab] OR BoNT/A [tiab])
AND (masseter [tiab] OR
“masseter hypertrophy” [tiab] OR
bruxism [tiab] OR
“temporomandibular disorder *”
[tiab] OR TMD [tiab])

NA

* Search Line 3 was implemented exclusively to contextualize existing evidence on BoNT/A in masticatory muscle
conditions and did not contribute to the primary selection of included studies. tiab = title/abstract field tag.
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Studies exclusively investigating botulinum toxin for masseter hypertrophy, bruxism,
or temporomandibular disorders without reporting tinnitus or tinnitus-related outcomes
were excluded during screening.

Inclusion criteria encompassed systematic reviews, meta-analyses, randomized con-
trolled trials, clinical trials, observational studies, and scoping reviews published in English.
Studies focusing exclusively on objective tinnitus subtypes without somatosensory features
(e.g., palatal tremor or middle ear myoclonus) were excluded.

The overall reference list was further broadened with additional sources identified
through citation tracking and manual search, selected for their relevance to the anatomical,
neurophysiological, or clinical aspects discussed.

Titles and abstracts were screened independently by two reviewers (L.S. and N.M.),
with full-text assessment performed for all potentially eligible records. Disagreements were
resolved by consensus. Data were subsequently extracted independently by the same two
reviewers using a standardized charting template.

A critical risk-of-bias assessment was not performed because the direct evidence was
limited and heterogeneous, and the review primarily aimed to map the existing literature
and identify current knowledge gaps.

Author Contributions: Conceptualization, J.G., L.S. and G.S.; methodology, L.G. and N.M.; writing—
original draft preparation, L.S.; writing—review and editing, M.D., L.S. and N.M.; visualization, G.G.
and G.C.; supervision, N.M.; project administration, J.G. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is
not applicable to this article.

Acknowledgments: During the preparation of this manuscript, the authors used ChatGPT (GPT-5.2
and GPT-5.5, OpenAI) to assist with English language editing. The authors reviewed and edited the
output and take full responsibility for the content of this publication.

Conflicts of Interest: Jacopo Gardellin is from Medical Art, Lorenzo Spadotto and Giacomo Checchin
are affiliated with Synolon Medicina Estetica, and the other authors declare no conflict of interest.

References
1. Meijers, S.; Stegeman, I.; van der Leun, J.A.; Assegaf, S.A.; Smit, A.L. Analysis and Comparison of Clinical Practice Guidelines

Regarding Treatment Recommendations for Chronic Tinnitus in Adults: A Systematic Review. BMJ Open 2023, 13, e072754.
[CrossRef] [PubMed]

2. Andersson, G. Psychological Aspects of Tinnitus and the Application of Cognitive-Behavioral Therapy. Clin. Psychol. Rev. 2002,
22, 977–990. [CrossRef] [PubMed]

3. Ridder, D.D.; Schlee, W.; Vanneste, S.; Londero, A.; Weisz, N.; Kleinjung, T.; Shekhawat, G.S.; Elgoyhen, A.B.; Song, J.-J.;
Andersson, G.; et al. Chapter 1—Tinnitus and Tinnitus Disorder: Theoretical and Operational Definitions (an International
Multidisciplinary Proposal). In Tinnitus—An Interdisciplinary Approach Towards Individualized Treatment: From Heterogeneity to
Personalized Medicine; Schlee, W., Langguth, B., Kleinjung, T., Vanneste, S., Ridder, D.D., Eds.; Progress in Brain Research; Elsevier:
Amsterdam, The Netherlands, 2021; Volume 260, pp. 1–25.

4. Husain, F.T.; Gander, P.E.; Jansen, J.N.; Shen, S. Expectations for Tinnitus Treatment and Outcomes: A Survey Study of Audiologists
and Patients. J. Am. Acad. Audiol. 2018, 29, 313–336. [CrossRef] [PubMed]

5. Coelho, C.B.; Santos, R.; Campara, K.F.; Tyler, R. Classification of Tinnitus; Multiple Causes with the Same Name. Otolaryngol.
Clin. N. Am. 2020, 53, 515–529. [CrossRef] [PubMed]

https://doi.org/10.3390/toxins18070310

https://doi.org/10.1136/bmjopen-2023-072754
https://www.ncbi.nlm.nih.gov/pubmed/37714675
https://doi.org/10.1016/s0272-7358(01)00124-6
https://www.ncbi.nlm.nih.gov/pubmed/12238249
https://doi.org/10.3766/jaaa.16154
https://www.ncbi.nlm.nih.gov/pubmed/29664725
https://doi.org/10.1016/j.otc.2020.03.015
https://www.ncbi.nlm.nih.gov/pubmed/32381342
https://doi.org/10.3390/toxins18070310


Toxins 2026, 18, 310 12 of 16

6. Tunkel, D.E.; Bauer, C.A.; Sun, G.H.; Rosenfeld, R.M.; Chandrasekhar, S.S.; Cunningham, E.R.; Archer, S.M.; Blakley, B.W.; Carter,
J.M.; Granieri, E.C.; et al. Clinical Practice Guideline: Tinnitus. Otolaryngol.-Head Neck Surg. 2014, 151, S1–S40. [CrossRef]
[PubMed]

7. Esmaili, A.A.; Renton, J. A Review of Tinnitus. Aust. J. Gen. Pract. 2018, 47, 205–208. [CrossRef] [PubMed]
8. Fedorowicz, Z.; Van Zuuren, E.J.; Schoones, J. Botulinum Toxin for Masseter Hypertrophy. Cochrane Database Syst. Rev. 2013, 2013,

CD007510. [CrossRef] [PubMed]
9. Serrera-Figallo, M.-A.; Ruiz-de-León-Hernández, G.; Torres-Lagares, D.; Castro-Araya, A.; Torres-Ferrerosa, O.; Hernández-

Pacheco, E.; Gutierrez-Perez, J.-L. Use of Botulinum Toxin in Orofacial Clinical Practice. Toxins 2020, 12, 112. [CrossRef]
[PubMed]

10. Delcanho, R.; Val, M.; Nardini, L.; Manfredini, D. Botulinum Toxin for Treating Temporomandibular Disorders: What Is the
Evidence? J. Oral Facial Pain Headache 2022, 36, 6–20. [CrossRef] [PubMed]

11. Val, M.; Delcanho, R.; Ferrari, M.; Guarda Nardini, L.; Manfredini, D. Is Botulinum Toxin Effective in Treating Orofacial
Neuropathic Pain Disorders? A Systematic Review. Toxins 2023, 15, 541. [CrossRef] [PubMed]

12. Guarda Nardini, L.; Manfredini, D.; Colonna, A.; Ferrari Cagidiaco, E.; Ferrari, M.; Val, M. Intramuscular Botulinum Toxin as
an Adjunct to Arthrocentesis with Viscosupplementation in Temporomandibular Disorders: A Proof-of-Concept Case–Control
Investigation. Toxins 2024, 16, 364. [CrossRef] [PubMed]

13. Michiels, S. Somatosensory Tinnitus: Recent Developments in Diagnosis and Treatment. J. Assoc. Res. Otolaryngol. 2023, 24,
465–472. [CrossRef] [PubMed]

14. Láinez, M.J.A.; Piera, A. Botulinum Toxin for the Treatment of Somatic Tinnitus. In Progress in Brain Research; Elsevier: Amsterdam,
The Netherlands, 2007; Volume 166, pp. 335–338.

15. Stidham, K.R.; Solomon, P.H.; Roberson, J.B. Evaluation of Botulinum Toxin A in Treatment of Tinnitus. Otolaryngol.-Head Neck
Surg. 2005, 132, 883–889. [CrossRef] [PubMed]

16. Ranoux, D.; Levine, R.A. Botulinum Toxin Can Abolish and/or Quiet Tinnitus Associated with Chronic Migraine: Serendipitous
Observations. Int. Tinnitus J. 2021, 25, 133–136. [CrossRef] [PubMed]

17. Ranoux, D.; Levine, R. Botulinum Toxin A and Non-Pulsatile Tinnitus: A Proposal of an Injection Protocol Drawn From the
Literature and Case Reports. Toxicon 2024, 237, 107479. [CrossRef]

18. Jarach, C.M.; Lugo, A.; Scala, M.; Van Den Brandt, P.A.; Cederroth, C.R.; Odone, A.; Garavello, W.; Schlee, W.; Langguth, B.;
Gallus, S. Global Prevalence and Incidence of Tinnitus: A Systematic Review and Meta-Analysis. JAMA Neurol. 2022, 79, 888.
[CrossRef] [PubMed]

19. Bauer, C.A. Tinnitus. N. Engl. J. Med. 2018, 378, 1224–1231. [CrossRef] [PubMed]
20. Langguth, B.; Kreuzer, P.M.; Kleinjung, T.; De Ridder, D. Tinnitus: Causes and Clinical Management. Lancet Neurol. 2013, 12,

920–930. [CrossRef] [PubMed]
21. Cima, R.F.F.; Mazurek, B.; Haider, H.; Kikidis, D.; Lapira, A.; Noreña, A.; Hoare, D.J. A Multidisciplinary European Guideline for

Tinnitus: Diagnostics, Assessment, and Treatment. HNO 2019, 67, 10–42. [CrossRef] [PubMed]
22. Langguth, B.; De Ridder, D.; Schlee, W.; Kleinjung, T. Tinnitus: Clinical Insights in Its Pathophysiology-A Perspective. J. Assoc.

Res. Otolaryngol. 2024, 25, 249–258. [CrossRef] [PubMed]
23. Wadhwa, S.; Jain, S.; Patil, N.; Jungade, S. Cervicogenic Somatic Tinnitus: A Narrative Review Exploring Non-Otologic Causes.

Cureus 2024, 16, e65476. [CrossRef] [PubMed]
24. Haider, H.F.; Hoare, D.J.; Costa, R.F.P.; Potgieter, I.; Kikidis, D.; Lapira, A.; Nikitas, C.; Caria, H.; Cunha, N.T.; Paço, J.C.

Pathophysiology, Diagnosis and Treatment of Somatosensory Tinnitus: A Scoping Review. Front. Neurosci. 2017, 11, 207.
[CrossRef] [PubMed]

25. Sanchez, T.G.; Rocha, C.B. Diagnosis and Management of Somatosensory Tinnitus: Review Article. Clinics 2011, 66, 1089–1094.
[CrossRef] [PubMed]

26. Dipalma, G.; Inchingolo, A.D.; Pezzolla, C.; Sardano, R.; Trilli, I.; Di Venere, D.; Inchingolo, F.; Palermo, A.; Inchingolo, A.M. The
Association Between Temporomandibular Disorders and Tinnitus: Evidence and Therapeutic Perspectives from a Systematic
Review. J. Clin. Med. 2025, 14, 881. [CrossRef] [PubMed]

27. Ralli, M.; Greco, A.; Turchetta, R.; Altissimi, G.; De Vincentiis, M.; Cianfrone, G. Somatosensory Tinnitus: Current Evidence and
Future Perspectives. J. Int. Med. Res. 2017, 45, 933–947. [CrossRef] [PubMed]

28. Ferrillo, M.; Viola, P.; Astorina, A.; Chiarella, G.; Fortunato, L.; de Sire, A.; Giudice, A. Effectiveness of Conservative Approaches
on Otologic Signs and Symptoms in Patients with Temporomandibular Disorders and Meniere’s Disease: A Systematic Review.
Cranio® 2025, 43, 770–778. [CrossRef] [PubMed]

29. Spisila, T.; Fontana, L.C.; Hamerschmidt, R.; de Cássia Cassou Guimarães, R.; Hilgenberg-Sydney, P.B. Phenotyping of Somatosen-
sory Tinnitus and Its Associations: An Observational Cross-Sectional Study. J. Oral Rehabil. 2024, 51, 2008–2018. [CrossRef]
[PubMed]

https://doi.org/10.3390/toxins18070310

https://doi.org/10.1177/0194599814545325
https://www.ncbi.nlm.nih.gov/pubmed/25273878
https://doi.org/10.31128/AJGP-12-17-4420
https://www.ncbi.nlm.nih.gov/pubmed/29621860
https://doi.org/10.1002/14651858.CD007510.pub3
https://www.ncbi.nlm.nih.gov/pubmed/24018587
https://doi.org/10.3390/toxins12020112
https://www.ncbi.nlm.nih.gov/pubmed/32053883
https://doi.org/10.11607/ofph.3023
https://www.ncbi.nlm.nih.gov/pubmed/35298571
https://doi.org/10.3390/toxins15090541
https://www.ncbi.nlm.nih.gov/pubmed/37755967
https://doi.org/10.3390/toxins16080364
https://www.ncbi.nlm.nih.gov/pubmed/39195774
https://doi.org/10.1007/s10162-023-00912-3
https://www.ncbi.nlm.nih.gov/pubmed/37794291
https://doi.org/10.1016/j.otohns.2005.02.015
https://www.ncbi.nlm.nih.gov/pubmed/15944559
https://doi.org/10.5935/0946-5448.20210024
https://www.ncbi.nlm.nih.gov/pubmed/35239295
https://doi.org/10.1016/j.toxicon.2024.107479
https://doi.org/10.1001/jamaneurol.2022.2189
https://www.ncbi.nlm.nih.gov/pubmed/35939312
https://doi.org/10.1056/NEJMcp1506631
https://www.ncbi.nlm.nih.gov/pubmed/29601255
https://doi.org/10.1016/S1474-4422(13)70160-1
https://www.ncbi.nlm.nih.gov/pubmed/23948178
https://doi.org/10.1007/s00106-019-0633-7
https://www.ncbi.nlm.nih.gov/pubmed/30847513
https://doi.org/10.1007/s10162-024-00939-0
https://www.ncbi.nlm.nih.gov/pubmed/38532055
https://doi.org/10.7759/cureus.65476
https://www.ncbi.nlm.nih.gov/pubmed/39188460
https://doi.org/10.3389/fnins.2017.00207
https://www.ncbi.nlm.nih.gov/pubmed/28503129
https://doi.org/10.1590/S1807-59322011000600028
https://www.ncbi.nlm.nih.gov/pubmed/21808880
https://doi.org/10.3390/jcm14030881
https://www.ncbi.nlm.nih.gov/pubmed/39941552
https://doi.org/10.1177/0300060517707673
https://www.ncbi.nlm.nih.gov/pubmed/28553764
https://doi.org/10.1080/08869634.2024.2348973
https://www.ncbi.nlm.nih.gov/pubmed/38711403
https://doi.org/10.1111/joor.13783
https://www.ncbi.nlm.nih.gov/pubmed/39418578
https://doi.org/10.3390/toxins18070310


Toxins 2026, 18, 310 13 of 16

30. Didier, H.A.; Cappellari, A.M.; Di Berardino, F.; Donelli, M.; Fan, X.X.; Magnoni, L.; Lilli, G.; Barozzi, S.; Zanetti, D.; Arnone, F.;
et al. Electrophysiological Study of the Masticatory Muscle Activity in Patients with Temporomandibular Disorders with and
Without Tinnitus. Clin. Exp. Dent. Res. 2025, 11, e70172. [CrossRef] [PubMed]

31. Didier, H.A.; Cappellari, A.M.; Sessa, F.; Giannì, A.B.; Didier, A.H.; Pavesi, M.M.; Caria, M.P.; Curone, M.; Tullo, V.; Di Berardino,
F.; et al. Somatosensory Tinnitus and Temporomandibular Disorders: A Common Association. J. Oral Rehabil. 2023, 50, 1181–1184.
[CrossRef] [PubMed]

32. Gray, H.; Williams, P.L.; Bannister, L.H. Gray’s Anatomy: The Anatomical Basis of Medicine and Surgery, 38th ed.; Churchill
Livingstone: New York, NY, USA, 1995.

33. Mudry, A.; Jackler, R.K. The Coronoid Insertion of the Human Masseter Muscle Was Well Described in the 18th Century. Ann.
Anat.-Anat. Anz. 2022, 243, 151922. [CrossRef] [PubMed]

34. Chrysikos, D.; Solia, E.; Karamouzis, K.; Tsakotos, G.; Samolis, A.; Karampelias, V.; Troupis, T. The Coronoid Anatomical Variation
of the Masseter Muscle: A Case Report. J. Long-Term. Eff. Med. Implant. 2023, 33, 67–69. [CrossRef] [PubMed]

35. Sree, P.C.; Suvvari, T.K.; Anumalasetty, A.V. The Discovery of Musculus Masseter Pars Coronidea: What We Need to Know? J.
Prim. Care Dent. Oral Health 2023, 4, 21–22. [CrossRef]

36. Otake, I.; Kageyama, I.; Mataga, I. Clinical Anatomy of the Maxillary Artery. Okajimas Folia Anat. Jpn. 2011, 87, 155–164. [CrossRef]
[PubMed]

37. Piagkou, M.; Triantafyllou, G.; Papadopoulos-Manolarakis, P.; Demetriou, F.; Tsakotos, G.; Olewnik, Ł.; Duparc, F. Mapping the
Maxillary Artery and Lateral Pterygoid Muscle Relationship: Insights from Radiological and Meta-Analytic Evidence. Medicina
2025, 61, 1201. [CrossRef] [PubMed]

38. Roberts, W.E.; Goodacre, C.J. The Temporomandibular Joint: A Critical Review of Life-Support Functions, Development, Articular
Surfaces, Biomechanics and Degeneration. J. Prosthodont. 2020, 29, 772–779. [CrossRef] [PubMed]

39. Pantea, V.; Ceban, M.; Burduja, V.; Nistor, L.; Ursu, O. The Role of the Lateral Pterygoid Muscle in Temporomandibular Disorders.
Mold. J. Health Sci. 2023, 10, 73–79. [CrossRef]

40. Luo, D.; Yang, H.; Yuan, M.; Wang, D.; Qiu, C.; Zhou, R.; Gao, Y.; Xu, R.; Yang, J.; Xu, Z. Anatomical Factors Influencing
Temporomandibular Joint Clicking in Young Adults: Temporomandibular Joint Structure Disorder or Lateral Pterygoid Muscle
Dysfunction? Front. Bioeng. Biotechnol. 2024, 12, 1337267. [CrossRef]
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