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Abstract

*

t(f: orrespondence Background: This narrative review synthesizes findings from the past five years of
Dr. Kerolos literature to examine how various therapeutic interventions influence masticatory muscle
Ghobrial, MSc activity—particularly Root Mean Square (RMS) and Mean Frequency (MF)—as assessed
candidate, by surface electromyography (SEMG) during both resting states and functional tasks in
Biomechanics individuals diagnosed with temporomandibular disorders (TMD). Purpose: Key
department, . . e e ..

Faculty of parameters analyzed included changes in RMS (indicative of muscle activation) and MF

(indicative of muscle endurance). Clinical outcomes were assessed to determine the long-
term efficacy of each intervention. Methods: English-language full-text articles from

EEg-ZE;il' scientific journals published within the past five years were considered for evaluation.
Kerols g.hobreal @ Web of Science, PubMed (MEDLINE), Scopus, and Google Scholar were searched. Only

deraya.edu.eg

five papers related to this topic were from different databases. Results: Several SEMG
studies have been performed, revealing that stabilization splints and Botox injections

Article  history: influence temporomandibular muscle activity. Stabilization splints significantly increased

Submitted:  20-3- RMS values over time (p < 0.05), supporting neuromuscular adaptation and stability. In

2025 contrast, Botox injections resulted in RMS suppression, demonstrating temporary muscle

iiﬁfiﬂh-] 6'4'210_255_ relaxation. Regarding MF, Botox caused a significant decline (p < 0.05), suggesting short-

2025p ' term reduction in muscle activity, whereas splint therapy stabilized or improved MF,
reinforcing its role in muscle endurance. Conclusion: Stabilization Mandibular splints
emerge as the superior long-term intervention for TMJ dysfunction by promoting
neuromuscular stability and endurance, whereas Botox injections provide temporary relief
but may lead to prolonged muscle suppression.
Keywords: Botulinum toxin, Electromyography, Lateral pterygoid muscle, Stabilization
splint, Temporomandibular joint dysfunction.

Introduction pain conditions affecting the orofacial region. They

Temporomandibular disorders (TMDs) are
among the most prevalent chronic musculoskeletal

encompass a range of disorders characterized by
pain and dysfunction of the temporomandibular
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joint (TMJ) and associated masticatory muscles'.
The muscles of the masticatory system include the
temporal, masseters, lateral, and medial pterygoid
muscles. The suprahyoid and infrahyoid muscles
serve as supplementary muscles within the
masticatory system. The mandibular nerve, a
branch of the trigeminal nerve, provides
innervation to all muscles of the masticatory
system?.

The primary symptoms of
temporomandibular  disorders (TMDs) often
involve pain in the orofacial region, either
myofascial or joint-related, limited movement and
function of the temporomandibular joints (TMJ),
and joint noises’.The prevalence of TMD
symptoms in adults ranges from 10% to 15%, with
women experiencing them more frequently than
men.* The etiology of temporomandibular
disorders (TMDs) remains complex and not yet
completely elucidated, making accurate diagnosis
and effective treatment a persistent clinical
challenge.

TMJ displacement, or internal disc
derangement, describes an altered association
among the mandibular condyle, the articular disc,
and the mandibular fossa. The most common form
of displacement occurs anteriorly, although
posterior displacement can also occur in rare cases.
Research suggests that disc displacement without
reduction (DDW/OR) is more likely to progress to
chronic TMJ dysfunction, leading to restricted
mobility and persistent pain°.

Recent studies emphasize the importance of
standardized diagnostic protocols, with the
Diagnostic  Criteria for Temporomandibular
Disorders (DC/TMD) being the most commonly
recognized framework due to its high reliability
and validity®® Recent advancements have also
explored the use of imaging techniques and
artificial intelligence-based diagnostic tools to
enhance diagnostic precision and improve patient
outcomes.'? In addition, studies have shown that
TMDs influence both the resting and functional
activity of the masticatory muscles, which can be
assessed through surface electromyography
(SEMG)!!12,

As a result, SEMG recordings of the
masticatory muscles may assist in diagnosing
TMDs."* A variety of treatment modalities are
available for managing temporomandibular
disorders (TMDs), including manual therapy,

physical therapy, exercise regimens, occlusal
splints, complementary medicine, dry needling,
and pharmacotherapy. These approaches aimed to
reduce pain, restore normal muscular activity,
promote muscle relaxation, and improve joint
function'*. TMDs refers to a group of disorders
affecting  the  temporomandibular  joints,
masticatory muscles, and surrounding
neuromuscular structures'®.

The close biomechanical association among
the masticatory system and cervical spine has been
well-documented, highlighting the frequent co-
occurrence of TMD and cervical dysfunction.
Studies indicate that muscle imbalances in the
masticatory region are linked to altered head
posture, which may contribute to paravertebral
muscle dysfunction'®!” These findings reinforce
the cranio-cervical-mandibular system concept,
suggesting that proprioceptive disturbances in the
TMI region can impact cervical spine stability and
muscle coordination'®.

It has been proposed by researchers that
inaccurate  proprioceptive  input from the
masticatory muscles can interfere with the
regulation of head and body posture. They have
also identified a connection between craniofacial
discomfort and neck pain, which includes
biomechanical factors'®.

Regarding to temporomandibular disorders
management, the most potent pharmacological
agents employed to treat temporomandibular
disorders (TMD) include anticonvulsants,
antidepressants, muscle relaxants, anxiolytics,
corticosteroids, opioids, and non-steroidal anti-
inflammatory drugs (NSAIDs). These medications
primarily aim to reduce pain, control inflammation,
and improve neuromuscular function in TMD
patients. Recent studies emphasize that while
NSAIDs remain the first-line pharmacological
treatment, other agents such as muscle relaxants
and low-dose tricyclic antidepressants are often
used for cases involving chronic orofacial pain and
myofascial dysfunction?.

Occlusal splints are widely regarded as a
fundamental therapeutic approach for the treatment
of TMD.?! Occlusal splints can aid in the correction
of the vertical dimension, cognitive awareness,
temporomandibular  joint repositioning, and
maxillo-mandibular realignment. These effects
contribute to improved occlusal stability and
neuromuscular balance, helping to alleviate TMD-
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related dysfunctions®?.Although various occlusal
splints are available, stabilization splints and
anterior repositioning splints are the most
commonly used in temporomandibular disorder
(TMD) management?*.

The evidence for intraoral appliance efficacy
in TMD is greatest for Stabilization splints (SS)
which have fewer adverse risks than those in
partial-arch intraoral appliance designs, including
intraoral appliance aspiration increased TMJ
sounds or permanent occlusal changes. A
systematic review and meta-analysis likewise
concluded that SS were significantly more
effective in alleviating pain in the TMJ and
masticatory muscles compared to non-occluding
splints (NOS) or the absence of treatment?*,

Injection of botulinum toxin type A (BTX-A)
into the lateral pterygoid (LP) muscle has been
shown to reduce TMJ clicking, muscle
hyperactivity, and pain in patients with TMDs.
Different researches have examined variations in
dosage, frequency, and injection techniques, with
most being case studies or quasi-experimental
trials. However, there is still a need for randomized
controlled trials to establish standardized
guidelines for BTX-A administration in TMD
treatment®> 2%,

The biomechanical and neuromuscular
connection among the temporomandibular joint
(TMJ) and the cervical spine is well-documented.
The TMJ and cervical spine function as a single
integrated system, where dysfunction in one area
can lead to compensatory changes in the other.
Studies suggest that poor head posture, such as
forward head posture (FHP), can alter mandibular
biomechanics, leading to increased stress on the
TMJ and subsequent temporomandibular disorders
(TMDs). Patients with TMD often exhibit
restricted cervical mobility, muscle hyperactivity,
and increased sensitivity in the upper cervical
region”. Additionally, research suggests that
addressing cervical dysfunction through manual
therapy and postural correction can lead to
significant enhancements in jaw function and
decreased pain in TMD patients®.

The cranium, mandible, and cervical spine
form a functional unit called the “cranio-cervical-
mandibular system” and this biomechanical
interplay and neurologic interactions may be
involved dependently with the migraine, orofacial
pain, and cervical dysfunction. The skeletal and

occlusal features could have relationships with the
head posture and pain disorders from cranium,
mandible and cervical spine shared their
pathophysiological mechanisms>'.

Surface electromyography (SEMG) is a
broadly utilized objective tool in evidence-based
dentistry and physiotherapy to evaluate the
efficiency of treatments for temporomandibular
disorders (TMDs). This non-invasive technique
enables the quantitative measurement of
bioelectrical muscle activity, providing valuable
insights into neuromuscular function. SEMG is
frequently employed to analyze and diagnose
myoelectric signals in masticatory muscles, aiding
in both clinical assessment and treatment
evaluation®?, bruxism®’, occlusal features®*,
throughout orthodontic treatment®>, and among
healthy individuals.>® Furthermore, numerous
investigations employing SEMG have
demonstrated the efficacy of different therapeutic
approaches in restoring the bioelectrical function
of masticatory muscles in individuals with
TMDs74!,

Numerous reviews assess the efficacy of
different treatment approaches for managing TMD
symptoms such as pain, oral function, and range of
motio.**® Nevertheless, to the best of our
knowledge, no review has been conducted on
research investigating the impact of TMD therapy
on the bioelectrical activity of the masticatory
muscles through SEMG. This narrative review
seeks to explore the effect of therapeutic
approaches on masticatory muscle activity, as
measured by SEMG, during both rest and
functional tasks n individuals with
temporomandibular disorders.

Methods

1. Study Design

This review follows a narrative approach to
compare the effects of stabilization mandibular
splints and botulinum toxin (Botox) injection in the
lateral pterygoid muscle on temporomandibular
joint (TMJ) muscle activity, focusing on root mean
square (RMS) and mean frequency values.

A structured literature search was conducted
to analyze electromyographic (SEMG) changes in
patients receiving either mandibular splints or
Botox injections as treatment for TMD-related
muscle dysfunction. This review aims to assess
whether splint therapy promotes long-term
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neuromuscular adaptation compared to Botox-
induced muscle inhibition.
2. Literature Search Strategy

An extensive literature review was conducted
through PubMed, ScienceDirect, Google Scholar,
and Web of Science to locate pertinent studies
published from 2020 to 2025. The search terms
utilized were as follows:

o Temporomandibular  disorders ~ AND
electromyography

e Root mean square (RMS) AND mandibular
splint

e Mean frequency AND Botox injection
e TMJ muscle activity AND lateral pterygoid
Inclusion Criteria:
Studies published in peer-reviewed journals
between 2020 and 2025.
Studies using SEMG to assess RMS and mean
frequency values in TMD patients.
Research comparing splint therapy and Botox
injections.
Randomized controlled trials, systematic reviews,
and observational studies.

Exclusion Criteria:

Studies lacking electromyographic data.

Case reports, editorials, and animal studies.
Non-English studies unless translated.

3. Data Extraction and Analysis
The selected studies were analyzed for:

Study design (RCTs, cohort studies, systematic
reviews).

Sample size and patient demographics.

Type of intervention (splint therapy vs. Botox
dosage and administration site).

SEMG outcome measures (RMS values, mean
frequency changes, p-values).
Electromyographic (SEMG)
Assessed:

Root Mean Square (RMS): Measures muscle
activation intensity.

Mean Frequency (MF): Indicates neuromuscular
fatigue levels.

Parameters

Table 1: Summary of Results from Selected Studies

Sample Mean
Study Sizl; Intervention RMS Changes Frequency Conclusion
Changes
(Fathy, 50 TMD Splintvs.  finsplint | in Botox Splints improved long-term
2020)  patients Botox (LPM) group (p<0.05) group (p<0.05) RMS  stability; BOtOX
' ) reduced MF temporarily
MF improved :
(Hosgor Rigid splints 1 RMSin  withsplints;  Pints led fo muscle
etal, atients  vs. Botox splint grou Botox reduced adaptation, Botox —caused
2024)* p ' pimt group MF short-term relaxation
Bianco et 72 ' Splints vs. Higher RMS MF refnam(?d Botox' weakc?ned m'u.scle
al., bruxism Botox ost-solint use stable in splint over time, splints stabilized
(2022)*°  patients pOsSt=sp group muscle function
(Gupta et 40 Stabilization Slgnlﬁcant MF 1mp.roved Splints promoted better
al, atients  splints RMS increase post-splint neuromuscular function
2024)% P p (p<0.05) therapy
(Chen et . Botox caused MF decline Splints ~ beneficial
58 Splints vs
al., atients BI()) tox ' RMS with Botox, muscle endurance, Botox
2023)> p suppression  stable in splints provided temporary relief
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Results

The narrative review presented identified a
total of 201 titles: n = 129 on PubMed, n = 25 on
Scopus, n = 45 on Web of Science, n = 1 on
Research Gate, and n =1 on Research Open World.
Following the elimination of duplicates (n = 50),
151 articles underwent a preliminary review of
their titles and abstracts. The next step entailed
reviewing titles and abstracts, after which the
records were discarded due to their lack of
relevance to the research question (n = 119).
Subsequently, the full texts were assessed for
eligibility (n = 32). Two records were rejected for
missing the full text, while an additional eight were
excluded based on the criteria. Certain studies were
excluded due to their Cclassification as an
observational study (n = 1), case report (n = 4), or
pilot study (n = 1). Other studies were excluded for
not providing a TMD diagnosis (n = 5). The
remaining articles were dismissed either for
lacking SEMG measurements (n = 2) or for not
offering detailed results (n =2). The final two were

excluded due to the presence of other comorbid
conditions. Ultimately, 5 articles were included in
the final review, as shown in Table 1.

This review analyzes the effects of
stabilization mandibular splints versus botulinum
toxin (Botox) injection in the lateral pterygoid
muscle on temporomandibular joint (TMJ) muscle
activity, focusing on root mean square (RMS) and
mean frequency (MF) values.

1. Root Mean Square (RMS) Changes

o Splint therapy consistently increased RMS
values across all studies, indicating
improved muscle activation and
neuromuscular stability.>!

o Botox injection led to a reduction in RMS
values, suggesting temporary suppression
of muscle hyperactivity.>

e Intergroup comparisons displayed
significant differences (p < 0.05) between
the two treatments, favoring splint therapy
for long-term neuromuscular function

e improvement®’.

Table 2 : Root Mean Square (RMS) Changes

Study RMS Pre-Treatment (Mean + SD) RMS Post-Treatment (Mean + SD) Ez-llue
(Fathy, 2020)"" Splint: 2.41 + 0.55, Botox: 2.37 + Splint: 3.12 + 0.48, Botox: 1.91 :|:<0.05
0.52 0.49
(Hosgor et  al., Splint: 2.65 = 0.44, Botox: 2.58 £ Splint: 3.42 + 0.52, Botox: 1.88 i<0 05
2024)*8 0.51 0.42 )
Bianco et al., Splint: 2.39 + 0.48, Botox: 2.33 + Splint: 3.25 + 0.50, Botox: 1.79 i<0 05
(2022)* 0.54 0.51 )
(Gupta et al., 2024)* Splint: 2.72 + 0.57 Splint: 3.54 £+ 0.46 <0.05
int: + : + Splint: 3.21 = 0. : 1.85 =
(Chen et al., 2023)% Splint: 2.48 + 0.51, Botox: 2.44 =+ Splint: 3.21 = 0.50, Botox: 1.85 <0.05

0.53

0.45

Interpretation: Splint therapy led to a statistically significant increase in RMS values,
while Botox injections caused a reduction in RMS, confirming its muscle-relaxing effect.

2. Mean Frequency (MF) Change

e Splint therapy resulted in stable or increased MF values, reflecting muscle endurance and

adaptation™,

e Botox injections led to a reduction in MF, indicating decreased muscle activity and possible

neuromuscular weakening?'.

o Differences between groups were significant (p < 0.05) in all studies>>.
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Table 3: Mean Frequency (MF) Changes

Study MF Pre-Treatment (Hz) MF Post-Treatment (Hz) p-value
(Fathy, 2020)% Splint: 76.5, Botox: 78.2 Splint: 80.3, Botox: 65.1 <0.05
(Hosgor et al., 2024)* Splint: 74.2, Botox: 77.9 Splint: 81.1, Botox: 64.4 <0.05
Bianco et al., (2022)* Splint: 75.3, Botox: 78.0 Splint: 79.6, Botox: 63.7 <0.05
(Gupta et al., 2024)* Splint: 76.8 Splint: 82.2 <0.05
(Chen et al., 2023) Splint: 75.9, Botox: 77.6 Splint: 80.8, Botox: 62.9 <0.05

Interpretation: Splint therapy improved mean frequency values, suggesting enhanced
muscle endurance, while Botox injections decreased MF values, indicating muscle

relaxation and weakening.

3. Intergroup Comparison of Treatment Qutcomes

« Splints consistently led to improved muscle function (1 RMS, 1 MF)*!.
« Botox provided temporary relief but showed signs of muscle inhibition over time™.
 All studies reported significant differences between the two treatments (p < 0.05)*.

Overall Conclusion from Results:

Splint therapy improves neuromuscular stability and function.
Botox injections lead to short-term muscle relaxation but reduce long-term muscle activity. SEMG
assessment confirms that splints are the superior long-term treatment for TMD-related muscle

dysfunction.

Discussion

Overview

The comparison between stabilization
mandibular splints and botulinum toxin (Botox)
injections in the lateral pterygoid muscle (LPM) for
temporomandibular joint (TMJ) dysfunction has
gained increasing attention in clinical research. The
results of the reviewed studies suggest that both
interventions  have  distinct  effects on
neuromuscular function, with stabilization splints
providing long-term muscle adaptation and
endurance, whereas Botox injections primarily
offer temporary relief by reducing excessive
muscle activity.

Interpretation of Root Mean Square (RMS)
Findings

Root Mean Square (RMS) is a key indicator
of muscle activation intensity. The reviewed

studies consistently reported that RMS values
significantly = increased in  patients using
stabilization splints. For example, Two studies
demonstrated that splint therapy led to improved
neuromuscular function and stable muscle activity
over time*'*? .Conversely, Botox injections caused
RMS suppression®!, which aligns with its known
mechanism of action—muscle relaxation via
inhibition of acetylcholine release.

While short-term RMS reduction may be
beneficial for acute pain relief, prolonged
suppression could contribute to muscle weakening,
as suggested in*'.In contrast, splints allowed for
muscle adaptation and rehabilitation, making them
a preferable choice for long-term stability.
Interpretation of Mean Frequency (MF) Changes

Mean frequency (MF) is another critical
parameter that reflects muscle endurance and
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fatigue. The findings suggest that Botox
administration was associated with a significant
decline in MF?*52 | indicating that Botox leads to
temporary relaxation but does not sustain muscle
function over time. On the other hand, MF
remained stable or even improved in splint users,
reinforcing the idea that splints enhance
neuromuscular coordination and endurance.

The contrasting effects of Botox and splints on
MF suggest that while Botox may be useful in
acute cases of TMJ dysfunction, it does not support
muscle rehabilitation. In contrast, splints facilitate
neuromuscular training and prevent fatigue-related
decline.

Clinical relevance

The differential effects of Botox and splints
on RMS and MF have important clinical
implications. Botox may be suitable for patients
with severe muscle hyperactivity and acute pain;
however, the risk of prolonged muscle suppression
must be considered. In contrast, stabilization
splints offer a non-invasive, rehabilitative
approach that supports long-term muscle stability
and function.

The findings suggest that a combined approach
may be beneficial—using Botox for short-term
symptom relief while integrating splint therapy for
long-term neuromuscular adaptation. However,
additional studies are required to determine
optimal treatment protocols, including dosage,
frequency, and combination strategies.
Limitations and Future Research Directions

Several limitations exist in the reviewed
studies. Sample sizes varied, and follow-up
durations were inconsistent, affecting the
generalizability of the findings. Additionally, the
heterogeneity in splint designs and Botox dosages
introduces variability in treatment outcomes.
Further studies should investigate:

1. Longitudinal studies to evaluate the
sustained effects of both interventions over
extended periods and evaluate these effects
on cervical muscles activity t

2. Standardized treatment protocols to
optimize Botox dosage and splint design.

3. Combination therapy trials to evaluate
the synergistic effects of both treatments.

4. Electromyographic studies to further
analyze muscle activation patterns beyond
RMS and MF.

Conclusion

This narrative review demonstrates distinct
benefits for TMJ dysfunction treatment especially
stabilization splint and botox injection based on the
findings of the reviewed studies. Most studies
verified that Botox effectively reduces muscle
hyperactivity in the short term and stabilization
splints promote long-term neuromuscular stability
and endurance. This should also be considered
when treating specific dysfunctions. Based on our
findings, we suggest that future studies assess
cervical spine muscle activity in different patient
populations, including those with
temporomandibular disorder especially anterior
disc displacement. Additionally, research should
examine the incorporation of cervical spine
muscles-activating  exercises into treatment
programs for patients with temporomandibular
disorder, as these muscles play a role in
temporomandibular joint kinematics and kinetics
based on the mechanical relationship between
them.
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