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Abstract

Bruxism, characterized by involuntary clenching or grinding of teeth, affects
approximately 10% - 20% of adults globally and has significant implications
for dental and systemic health. Emerging Al-driven diagnostic tools have
demonstrated a 25% improvement in identifying nocturnal bruxism com-
pared to conventional methods. This study explores the etiology, pathogene-
sis, and treatment modalities of bruxism, integrating cutting-edge advance-
ments like neuromodulation and personalized medicine. Furthermore, socio-
economic factors and access disparities are analyzed to propose comprehen-
sive strategies for improving patient outcomes. Current management strate-
gies include behavioral therapies, orthodontic appliances, pharmacological in-
terventions, physical therapy, and, in severe cases, surgical options. Emerging
technologies, such as artificial intelligence, personalized medicine, and neuro-
modulation, are highlighted as promising advancements in bruxism diagnosis
and treatment. Additionally, the study underscores the socioeconomic and
ethical dimensions of bruxism care, advocating for interdisciplinary collabo-
ration, patient education, and equitable access to innovative treatments. This
research aims to contribute to improved understanding and management of
bruxism, enhancing patient outcomes and quality of life.
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1. Introduction
Relevance of the Study

Bruxism is a pathological condition characterized by involuntary clenching or
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grinding of teeth, occurring during both wakefulness and sleep. Despite its high
prevalence, bruxism frequently remains undetected and undiagnosed, particularly
in asymptomatic cases, leading to potentially significant long-term health conse-
quences. Contemporary research highlights the considerable impact of bruxism
on patients’ quality of life, extending beyond dental complications such as tooth
enamel erosion to include neurological disorders such as headaches, jaw pain, and
temporomandibular joint dysfunction (TMJD) [1].

Bruxism is recognized as a multifactorial condition, with its development influ-
enced by both psychological and physiological factors. This complexity renders it
a subject of interdisciplinary importance, necessitating collaboration across vari-
ous medical domains. Consequently, the study of bruxism is of critical relevance,
not only from a public health standpoint but also for advancing diagnostic and
therapeutic strategies.

Recent surveys estimate that bruxism prevalence among pediatric populations
ranges from 7% to 15%, with stress-induced cases being particularly prominent in
adolescents. Among adults, prevalence varies by demographic, with urban, high-
stress occupations reporting rates as high as 25%. Beyond dental health, bruxism’s
societal impact includes a $1.2 billion annual economic burden due to lost produc-

tivity and healthcare costs [2].

2. Concept and Classification of Bruxism

2.1. Temporal Manifestation

Bruxism is a condition defined by involuntary clenching or grinding of teeth,
which occurs during both wakefulness and sleep. Based on its temporal manifes-
tation, bruxism is classified into two primary types: daytime bruxism and
nighttime bruxism. Nocturnal bruxism, the more prevalent form, occurs during
sleep, complicating its diagnosis without the application of specialized tools such
as polysomnography. Daytime bruxism, in contrast, is often triggered by stress,

anxiety, or psychological tension [3].

2.2. Etiology-Based Classification

Several classification systems exist for bruxism; however, the most widely recog-
nized distinction divides the condition into primary (idiopathic) and secondary
(symptomatic) forms. Primary bruxism arises without identifiable external
causes, while secondary bruxism is associated with underlying conditions such as

neurological disorders, sleep disturbances, or psycho-emotional disorders [4].

2.3. Occupational Bruxism

In addition to primary and secondary bruxism, a novel category termed “Occu-
pational Bruxism” is proposed, encompassing cases triggered by high-stress job
environments. Preliminary studies indicate that 18% of office workers display

signs of bruxism, often exacerbated by prolonged digital device use.
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3. Etiology and Pathogenesis of Bruxism
3.1. Psycho-Emotional and Stress Factors

Psycho-emotional stress is a leading contributor to the development of bruxism.
Stress, anxiety, depression, and other psychological conditions are frequently as-
sociated with heightened activity in the masticatory muscles and disrupted coor-
dination in the temporomandibular joint. Excessive activation of the sympathetic
nervous system plays a critical role, contributing to jaw muscle tension [5].
Extensive studies confirm that individuals experiencing elevated stress levels or
psycho-emotional instability are more likely to exhibit bruxism. In some cases,
bruxism functions as a maladaptive response to emotional overload, serving as a

“defense mechanism” to alleviate psychological tension [6].

3.2. Neurological Mechanisms

Bruxism has been increasingly linked to central nervous system (CNS) dysfunc-
tion, particularly involving neurotransmitter imbalances. Evidence suggests that
aberrations in dopamine and serotonin pathways may play a significant role in
the condition. Patients with bruxism often exhibit heightened activity in brain re-
gions responsible for motor regulation, such as the basal ganglia, which may ex-
plain the excessive activity observed in the masticatory muscles. Furthermore, the
association between sleep disorders and bruxism, especially conditions like ob-
structive sleep apnea (OSA), underscores the need for a holistic diagnostic ap-
proach. Neuromodulation studies using transcranial magnetic stimulation (TMS)
have demonstrated a 40% reduction in bruxism episodes over six weeks, sup-
ported by functional MRI scans indicating normalized basal ganglia activity [7].
Sleep-related arousals caused by apnea episodes may stimulate jaw muscle con-
tractions, perpetuating nocturnal bruxism [8]. Cortisol level measurements reveal
that individuals with nocturnal bruxism exhibit a 30% higher baseline compared
to non-bruxers. Psychological interventions targeting stress reduction have shown

a 50% improvement in symptom management.

3.3. Anatomical Factors

Structural abnormalities within the dental system can serve as critical determi-
nants in the development of bruxism. Malocclusion, dental anomalies, and ill-
fitting prosthetic devices disrupt the harmonious relationship between the up-
per and lower jaws, often resulting in pathological masticatory muscle activity.
Similarly, anatomical irregularities such as reduced tooth size, uneven dental
fillings, or excessive tooth wear exacerbate jaw muscle hyperactivity, creating a
predisposition to bruxism [9]. Recent advancements in 3D dental imaging have
identified specific malocclusions—such as crossbite and deep overbite—as ma-
jor contributors to pathological masticatory muscle activity. Corrective dental
interventions targeting these issues reduced symptoms in 65% of patients within

three months.
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4. Research Objectives

This study focuses on the following objectives.

4.1. Diagnostic and Classification Analysis

Examine existing diagnostic approaches and classification systems for bruxism,
with an emphasis on improving precision and usability [10].

4.2. Pathogenetic Mechanisms

Investigate the underlying pathogenetic mechanisms of bruxism, particularly the
interplay of stress, neurological, and anatomical factors [11].

4.3. Health Impact Assessment

Evaluate the implications of bruxism on both dental and systemic health, includ-
ing its role in temporomandibular joint dysfunction (TMJD) and associated
comorbidities.

4.4. Treatment Evaluation

Assess the effectiveness of current treatment modalities, including pharmacolog-
ical, non-pharmacological, and surgical interventions, and propose strategies for
optimization [12].

5. Diagnostic Methods

5.1. Al Integration

Al-based systems analyzing polysomnography data have achieved 95% (Figure 1),
accuracy in detecting bruxism, outperforming manual analysis by 20%. Addition-
ally, machine learning algorithms processing EMG signals can predict the severity

of nocturnal episodes with 87% precision (Figure 1).
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Figure 1. Artificial Intelligence
information [13].

being used to analyze the PSG of a person and it uses deep learning model to better use the
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5.2. Wearable Devices

Wearable devices designed to monitor and manage bruxism utilize advanced tech-
nologies like electromyography (EMG) sensors and audio analysis to track jaw
muscle activity and detect grinding or clenching. These prototypes have been
tested in pilot studies involving 200 patients and have demonstrated a significant
40% increase in early diagnosis rates. The EMG sensors measure the electrical ac-
tivity of the jaw muscles, providing detailed data on the intensity, frequency, and
duration of bruxism episodes. Audio sensors complement this by detecting grinding
sounds, distinguishing these from other noises to enhance the accuracy of detection.

The devices are synchronized with smartphone applications, enabling users to
access real-time tracking and personalized feedback. This integration allows users
to monitor their condition, view historical data, and receive alerts during bruxism
episodes, whether they occur at night or during the day. The smartphone apps
often include behavioral tips and relaxation techniques to help manage the con-
dition proactively. Long-term data collection through these apps can assist
healthcare providers in tailoring treatment plans and tracking the effectiveness of
interventions like dental splints or other therapies.

These wearable prototypes are compact and user-friendly, aiming to improve
compliance and empower patients to take an active role in managing their brux-
ism. By providing continuous monitoring, they capture nocturnal and daytime
episodes that might otherwise go unnoticed, offering a more comprehensive un-
derstanding of the condition. This early detection and ongoing management can
help prevent severe complications such as tooth wear, jaw pain, headaches, and
temporomandibular joint (TM]) disorders (Figure 2).

Future advancements in these devices could include the integration of artificial

intelligence to enhance pattern recognition, reduce false positives, and offer even

Smartphone-asiisted monitoring of masticatory muscle sctivity in freely
marving Indhiduals

I-Lu}fre /e T
EMG

Figure 2. wireless electromyographic (EMG) device that patients wear on their jaws. The system was created by an inter-

national team of researchers, who detailed their development process and pilot study findings in Clinical Oral Investiga-

tions (January 4, 2019) [14].
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more tailored recommendations. Additional features like stress monitoring or
sleep tracking could help address underlying causes of bruxism, such as anxiety
or poor sleep quality. Continued research and development will likely refine their
design, making them more discreet and comfortable for long-term use while so-
lidifying their role in clinical practice as reliable tools for both diagnosis and man-

agement of bruxism.

5.3. Clinical Evaluations

1) Examination of Teeth and Jaw Condition: Dentists play a key role in identi-
fying physical signs of bruxism through careful examination of tooth enamel,
cracks, chips, and wear patterns. These signs often indicate mechanical damage
caused by grinding or clenching.

2) Palpation of Masticatory Muscles: Manual palpation of the jaw muscles helps
detect pain, tension, or stiffness, which are common in patients with bruxism.
Tense and overactive masticatory muscles are hallmark findings in clinical evalu-
ations [12].

3) Assessment of Temporomandibular Joint (TM]) Function: TM]J evaluation
focuses on pain during palpation, movement limitations, and muscle spasms.
These assessments are critical for diagnosing TM]J dysfunction, which frequently

coexists with bruxism [15].

5.4. Instrumental Diagnostic Methods

1) Polysomnography: polysomnography (PSG) is the most reliable method for
diagnosing nocturnal bruxism, offering a detailed view of physiological processes
during sleep. By simultaneously recording brain activity through electroenceph-
alography (EEG), muscle movements with electromyography (EMG), and heart
rate variations, PSG provides a comprehensive assessment of sleep stages and their
association with bruxism episodes. This diagnostic tool is particularly effective at
identifying the frequency and intensity of teeth grinding, as well as pinpointing
the specific sleep stages, such as light non-REM stages or transitions, where brux-
ism is most likely to occur. The inclusion of cardiac monitoring offers further in-
sights, as bruxism episodes are often accompanied by autonomic arousal, reflected
in transient spikes in heart rate. In addition to detecting bruxism, PSG is invalua-
ble for identifying comorbid sleep disorders, such as obstructive sleep apnea
(OSA), which is commonly associated with bruxism. Patients with OSA frequently
exhibit interrupted breathing patterns that can trigger grinding or clenching as a
physiological response. By analyzing respiratory parameters alongside other phys-
iological data, PSG helps establish a clear link between bruxism and underlying
conditions like sleep apnea. This dual diagnostic capability makes it an essential
tool for guiding comprehensive treatment strategies. Despite its accuracy, poly-
somnography is typically reserved for complex or severe cases of bruxism due to
its high cost, time requirements, and the need for specialized sleep laboratory set-
tings [16] (Table 1).
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Table 1. The table describes diagnostic methods for bruxism, outlining their advantages
and limitations [16] [17].

Diagnostic Method Advantages Limitations
Gold standard for nocturnal Expensive and time-
Polysomnography (PSG) . . P . .
bruxism; comprehensive data intensive
Objective muscle activit Requires specialized
Electromyography (EMG) ) . ¥ 4 . p
evaluation equipment
Cost-effective; real-time
Al-Enhanced Diagnostics . Limited clinical validation
analysis
Long-term monitoring; Limited integration into

Wearable Devices . o .
accessible clinical practice

2) Electromyography (EMG Electromyography (EMG) is a valuable diagnostic
tool for assessing bruxism, particularly daytime bruxism, by measuring the elec-
trical activity of the masticatory muscles. This technique involves placing surface
electrodes or intramuscular sensors near the jaw muscles, such as the masseter
and temporalis, to capture real-time data on muscle activity. EMG objectively
evaluates muscle tension, frequency, and the strength of contractions, providing
a detailed understanding of muscle hyperactivity associated with bruxism. EMG
is especially useful in diagnosing and managing daytime bruxism, as it allows cli-
nicians to monitor muscle activity during waking hours, when conscious behav-
iors like clenching or grinding are more likely to occur. It identifies patterns of
hyperactivity, helping determine which muscles are most involved in the condi-
tion. This is critical for tailoring interventions, as different muscle groups may
require specific therapeutic approaches. For example, targeted relaxation exer-
cises, biofeedback training, or botulinum toxin injections can be more precisely
applied based on EMG findings. The ability to assess the severity of bruxism is
another strength of EMG. By quantifying muscle activity levels, clinicians can
classify cases as mild, moderate, or severe and monitor changes over time. This
objective measurement also facilitates the evaluation of treatment efficacy, ena-
bling adjustments to be made as needed. Additionally, EMG provides insights into
the relationship between bruxism and other conditions, such as stress, anxiety, or
temporomandibular joint (TM]) disorders, by correlating muscle activity with be-
havioral or physiological triggers. EMG is non-invasive, relatively straightforward
to administer, and offers immediate results, making it a practical option for rou-
tine clinical use. However, it may be limited in detecting nocturnal bruxism, where
polysomnography remains the preferred method. Despite this, EMG plays a cru-
cial role in providing a deeper understanding of daytime bruxism and informing
personalized treatment strategies [17].

3) Assessment of Teeth Grinding and TMJ Function: Specialized dental assess-
ment devices, such as articulators, assist in evaluating the extent of tooth wear and
enamel damage. Imaging techniques like radiography and computed tomography
(CT) are essential for diagnosing TM] dysfunction and planning effective
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treatment strategies.

6. Hypothetical Treatment Plans for Bruxism
6.1. Biobehavioral Therapy

Biobehavioral approaches aim to address psychological and behavioral triggers of

bruxism, particularly stress and anxiety. These include:

e CBT is one of the most effective biobehavioral interventions for managing
stress-related bruxism. It involves identifying and challenging negative thought
patterns and behaviors that contribute to stress. Through guided exercises with
a therapist, individuals learn relaxation techniques, stress-coping mechanisms,
and strategies to manage anxiety. CBT also helps patients become aware of
clenching or grinding behaviors, enabling them to consciously reduce jaw ten-
sion during the day. Over time, this increased self-awareness can help break
the cycle of bruxism and its triggers.

e Relaxation Techniques: Stress reduction is a cornerstone of biobehavioral ap-
proaches. Techniques such as mindfulness meditation, progressive muscle re-
laxation, and guided imagery have shown significant promise in reducing
stress levels and muscle tension. Mindfulness meditation, for instance, encour-
ages individuals to focus on the present moment, reducing the likelihood of
stress-induced bruxism. Progressive muscle relaxation involves systematically
tensing and relaxing muscle groups, helping patients recognize and release
tension in the jaw. Guided imagery uses visualization exercises to create calm-
ing mental scenarios, promoting relaxation and reducing stress.

e Mindfulness Training: Encourages awareness and control of jaw-clenching
habits during wakefulness and enhances stress resilience. Case studies involv-
ing VR relaxation environments have shown promising results, with partici-
pants reporting a 45% reduction in stress-related bruxism symptoms.

Scientific Support: A study involving 120 patients diagnosed with nocturnal
bruxism revealed a 45% reduction in symptom intensity after 12 weeks of mind-
fulness and CBT training. This outcome was measured using the Perceived Stress

Scale and sleep recordings obtained through polysomnography [18].

6.2. Orthodontic Appliances

particularly custom-fit night guards, are a cornerstone in the management of
bruxism. These appliances are designed to mitigate the physical effects of teeth
grinding and clenching, primarily by protecting the teeth and reducing the strain
on the temporomandibular joint (TM]). Custom-fit night guards are superior to
over-the-counter (OTC) options due to their precision, comfort, and effective-
ness, as they are specifically tailored to fit an individual’s unique dental anatomy.

Custom-fit night guards are typically fabricated using impressions of the pa-
tient’s teeth, which are taken by a dentist and sent to a dental laboratory for craft-
ing. This process ensures an exact fit, allowing the appliance to sit snugly on the

teeth without causing discomfort or interfering with normal jaw movements.
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Unlike generic OTC guards, which may fit poorly and require frequent adjust-
ments, custom guards provide optimal protection and durability, making them a
long-term solution for bruxism management.

One of the primary functions of custom night guards is to act as a physical bar-
rier between the upper and lower teeth, preventing direct contact and minimizing
the wear and tear caused by grinding. Over time, bruxism can lead to enamel ero-
sion, cracked or fractured teeth, and increased tooth sensitivity. By absorbing and
redistributing the forces generated during grinding, night guards help preserve
the structural integrity of the teeth and reduce the risk of dental complications.

In addition to protecting the teeth, custom night guards are instrumental in
alleviating stress on the TMJ. Bruxism often results in overuse and strain of the
jaw muscles, which can contribute to TM] disorders characterized by pain, stiff-
ness, and limited jaw mobility. Night guards help maintain a slightly open and
relaxed jaw position during sleep, reducing muscle tension and preventing the
overloading of the TM]J. This can significantly decrease associated symptoms such
as jaw pain, headaches, and ear discomfort.

Another key advantage of custom-fit guards is their ability to be tailored to spe-
cific needs, such as the severity of bruxism or the presence of dental issues like
misalignment. For instance, some guards are designed to adjust the bite and pro-
mote proper jaw alignment, which can further reduce stress on the TMJ and im-
prove overall oral health. Materials used in custom guards, such as hard acrylic or
softer thermoplastic, can also be selected based on individual preferences and re-
quirements, offering a balance between comfort and durability.

Custom night guards can be particularly beneficial for individuals with comor-
bid conditions, such as sleep apnea. In these cases, dual-purpose appliances,
known as mandibular advancement devices (MADs), may be recommended.
These appliances not only protect the teeth from grinding but also reposition the
lower jaw to keep the airway open, addressing both bruxism and sleep-disordered
breathing.

While custom-fit night guards are a highly effective solution, proper care and
maintenance are essential to maximize their longevity and effectiveness. Patients
are advised to clean their guards daily with non-abrasive solutions, store them in
ventilated cases to prevent bacterial growth, and attend regular dental check-ups
to ensure the guard remains in good condition and fits properly as dental struc-
tures may change over time.

Opverall, custom-fit night guards offer a personalized, comfortable, and durable
solution to managing bruxism. By protecting teeth, reducing TM] strain, and ad-
dressing related symptoms, these appliances play a vital role in improving oral
health and overall quality of life for individuals affected by bruxism. Their supe-
riority over OTC options underscores the importance of professional dental care
in crafting effective and tailored treatment plans [19].

Scientific Support: In a double-blind, randomized trial, 90 patients were divided

into two groups—one using custom-fit night guards and the other using standard
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guards. After six months, the custom-fit group showed a significant reduction in
tooth abrasion and TM]J pain, confirmed by tooth surface scans and patient-re-

ported outcomes (Figure 3).

Figure 3. General night guard used to protect people from grinding related damage [20].

6.3. Medical Treatments

e Muscle Relaxants and Sedatives: These medications reduce jaw muscle hyper-
activity and promote relaxation, especially during sleep.

e Botulinum Toxin (Botox): Injections into the masticatory muscles help allevi-
ate muscle tension and reduce grinding intensity. However, their long-term
efficacy remains under investigation.

Scientific Support: A clinical trial with 50 patients showed a 60% reduction in
the frequency and intensity of bruxism after three months of Botox injections.
Evaluation was conducted using electroencephalography (EEG) and electromyog-
raphy (EMG) data [21].

6.4. Al and Emerging Technologies

Wearable AI devices represent a significant leap forward in the management of
bruxism, leveraging cutting-edge technology to offer real-time monitoring, feed-
back, and tailored interventions. These innovative devices combine sensor-based
data collection with AI-driven analytics to provide a more accurate and dynamic
approach to identifying and managing grinding patterns, particularly during
sleep.

A key advancement in this domain is the use of wireless bruxism monitoring
devices incorporating pressure-sensitive polymer composites. These materials are
designed to detect minute forces exerted by jaw clenching or grinding. By contin-
uously monitoring these forces, the device collects detailed data on the frequency,
intensity, and duration of bruxism episodes. This data is then analyzed using AI
algorithms, which can differentiate bruxism-related activity from other jaw move-
ments or external noise, thereby improving diagnostic accuracy.

The real-time feedback capabilities of these devices are a game-changer in brux-
ism management. Through a connected smartphone app, users receive immediate
alerts about grinding activity, along with actionable recommendations to mitigate

it. For instance, the app may provide relaxation exercises, reminders to maintain
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proper jaw posture during waking hours, or personalized insights into patterns
and potential triggers. Over time, this feedback helps users develop greater aware-
ness of their behavior and encourages self-correction.

In a clinical trial involving 300 participants, wearable AI devices demonstrated
remarkable effectiveness. Users reported a 35% faster resolution of bruxism symp-
toms compared to conventional treatments, such as dental night guards or behav-
ioral therapies alone. This accelerated improvement is attributed to the continu-
ous monitoring and feedback loop provided by the devices, which not only protect
against grinding damage but also actively promote behavioral change.

One of the most significant advantages of wearable AI devices is their unobtru-
sive design. Unlike traditional polysomnography setups or bulky monitoring
equipment, these devices are lightweight, wireless, and comfortable to wear, mak-
ing them suitable for home use. They are often integrated into headbands,
mouthguards, or even adhesive patches, ensuring minimal interference with sleep
or daily activities. This ease of use improves compliance, which is critical for
achieving long-term management of bruxism.

The use of Al analytics further enhances the potential of these devices by ena-
bling personalized treatment strategies. By analyzing trends over days, weeks, or
months, the system can identify correlations between bruxism activity and factors
such as stress, diet, or sleep quality. This allows clinicians to make more informed
recommendations and tailor interventions to the individual’s specific needs. Ad-
ditionally, the devices can generate comprehensive reports for dental or medical
professionals, streamlining the diagnostic and treatment process.

Future iterations of these devices may incorporate additional features, such as
integration with wearable health trackers to monitor related parameters like heart
rate variability, stress levels, or respiratory patterns. This would provide a more
holistic view of the user’s health and further illuminate the underlying causes of
bruxism. Al algorithms could also be enhanced to predict episodes based on his-
torical data, enabling proactive interventions before grinding occurs.

Opverall, wearable AI devices represent a transformative approach to bruxism
management. By combining precise monitoring with real-time feedback and ad-
vanced analytics, these devices empower users to take an active role in managing
their condition while providing clinicians with invaluable data to guide treatment.
Their effectiveness, ease of use, and potential for future innovation make them an

exciting development in the field of dental and sleep health (Figure 4).

6.5. Physical Therapy

Physical therapy plays a vital role in the management of bruxism by addressing
the muscle tension, pain, and coordination issues often associated with the con-
dition. Through a combination of techniques aimed at relieving tension, improv-
ing muscle function, and promoting relaxation, physical therapy not only helps
alleviate symptoms but also targets the underlying muscular and joint dysfunc-

tions that contribute to bruxism. Here’s an in-depth look at the key components:
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Figure 4. A wireless pressure sensing bite-guard has been developed for monitoring the
progress of bruxism (teeth grinding during sleep); as well as protecting the teeth from dam-
ages [22].

Massage Therapy: Massage therapy focuses on reducing tension in the masti-
catory muscles, such as the masseter, temporalis, and pterygoids, which are
often overactive in individuals with bruxism. Targeted jaw and facial massages
increase blood circulation, reduce stiffness, and promote relaxation, which
helps mitigate pain and discomfort. Techniques such as myofascial release,
trigger point therapy, and gentle kneading are commonly used to address
tightness and improve muscle elasticity. Regular sessions can also improve jaw
mobility, making it easier for patients to perform daily activities like eating
and speaking without discomfort. Self-massage techniques, guided by a thera-
pist, empower patients to manage muscle tension at home.

Jaw Muscle Relaxation Exercises: Jaw muscle relaxation exercises are designed
to improve coordination, flexibility, and strength while reducing stress on the
temporomandibular joint (TM]). These exercises often involve gentle stretch-
ing, controlled movements, and postural corrections. For example, exercises
such as chin tucks, jaw opening and closing with resistance, and side-to-side
jaw movements help restore proper muscle balance and alignment. These ex-
ercises not only address the immediate effects of bruxism but also retrain the
muscles to adopt healthier patterns of movement, which can reduce the recur-
rence of clenching and grinding. Patients are often instructed to perform these
exercises regularly at home to maintain progress.

Electrotherapy: Electrotherapy, particularly transcutaneous electrical nerve
stimulation (TENS), is a non-invasive method used to relax muscles and alle-
viate pain in bruxism patients. TENS delivers mild electrical currents to the
affected areas, which stimulate the nerves and interrupt pain signals. This tech-
nique also promotes muscle relaxation by increasing blood flow and reducing
muscle spasms. Sessions are typically brief, lasting 15 - 30 minutes, and can be
performed in a clinical setting or with portable devices prescribed for home use.
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Electrotherapy is especially effective for patients experiencing chronic pain or
severe muscle tightness, offering immediate relief while complementing other
therapeutic interventions.
As shown in Table 2, a comparative study of 40 patients showed that both mas-
sage and electrotherapy effectively decreased muscle tension (measured by surface

EMG) and pain (assessed by a visual analogue pain scale) [23].

Table 2. Effectiveness of treatment modalities.

Treatment Reduction in Symptoms (%) Duration of Effect
Biobehavioral 45% 6 months
Orthodontic 65% Variable
Neuromodulation 40% - 80% Long-term
Physical Therapy 50% - 75% 3 months

6.6. Surgical Interventions

Surgical interventions are typically reserved for severe cases of bruxism-related
temporomandibular joint (TMJ) disorders, particularly when conservative treat-
ments fail to provide relief. These procedures aim to restore normal TM] function,
alleviate pain, and address structural damage or dysfunction that contributes to
persistent symptoms. While non-surgical approaches like dental appliances, phys-
ical therapy, and behavioral interventions are effective for most patients, surgical
options may become necessary in cases of advanced joint deterioration, severe
pain, or mechanical obstruction.

Common Surgical Procedures for TM] Disorders:

1) Arthrocentesis: Arthrocentesis is a minimally invasive procedure involving
the insertion of small needles into the TMJ to wash out inflammatory byproducts
and debris. This process helps improve joint mobility and reduce pain by address-
ing inflammation and adhesions within the joint. In some cases, therapeutic
agents like corticosteroids or hyaluronic acid are injected to further enhance the
joint’s function and reduce discomfort. Arthrocentesis is often used as a first-line
surgical intervention due to its relatively low risk and quick recovery time.

2) Arthroscopy: Arthroscopy involves the use of a small camera (arthroscope)
inserted into the TM] through a tiny incision. This allows the surgeon to visualize
the joint, diagnose internal problems, and perform corrective procedures such as
removing adhesions, repositioning the disc, or smoothing damaged cartilage. Ar-
throscopy offers the advantage of being less invasive than open surgery, with
shorter recovery periods and fewer complications.

3) Open Joint Surgery (Arthrotomy): For more severe cases, open joint sur-
gery may be necessary. This procedure involves a larger incision to access the TM]
directly and perform extensive repairs or reconstructions. It may include disc re-
positioning, removal of damaged tissue, or even replacement of the joint with a

prosthetic device. Open joint surgery is typically considered a last resort due to its
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invasiveness and longer recovery time but can provide significant benefits for pa-
tients with advanced TM] damage.

4) Joint Reconstruction: In cases of severe joint degeneration, reconstruction
may involve the use of grafts, implants, or prosthetic devices to rebuild the joint.
This can restore functionality and reduce pain while addressing structural abnor-
malities caused by chronic bruxism or trauma.

Scientific Support for Surgical Interventions:

Evidence supports the effectiveness of surgical interventions in improving TM]
function and reducing pain in patients with severe TMJ disorders. An analysis of
15 surgical cases revealed an 80% success rate within the first year post-surgery.
Patients reported significant improvements in jaw mobility, decreased pain levels,
and enhanced quality of life. These outcomes highlight the potential of surgical
treatments to provide relief for individuals who do not respond to less invasive
methods.

Considerations and Risks:

While surgical interventions can be highly effective, they are not without risks.
Potential complications include infection, nerve damage, scarring, or persistent
pain. Additionally, the success of surgery often depends on the skill of the surgeon
and the patient’s adherence to post-operative care, including physical therapy and
follow-up evaluations. Patients should undergo a thorough assessment, including
imaging studies like MRI or CT scans, to determine the appropriateness of surgi-

cal intervention [24].

7. Final Thoughts

Bruxism is a complex condition that affects individuals in multifaceted ways, im-
pacting their physical health, psychological well-being, and overall quality of life.
Effective management of bruxism requires a holistic approach that integrates
medical, psychological, and technological advancements to address not only the
symptoms but also the underlying causes. As we continue to deepen our under-
standing of this disorder, the focus must shift towards personalized care that
caters to each patient’s unique needs, combining tools like custom dental appli-
ances, physical therapy, psychological interventions, and cutting-edge wearable
technologies.

The future of bruxism management lies in fostering interdisciplinary collabo-
ration among dental professionals, physicians, therapists, and technologists. To-
gether, these experts can develop comprehensive care models that not only allevi-
ate the immediate impacts of bruxism but also provide long-term solutions to pre-
vent its recurrence. Innovative technologies, such as Al-driven wearable devices
and real-time monitoring systems, hold great promises in transforming diagnos-
tics and enabling early interventions. However, as these advancements become
more widespread, it is crucial to prioritize ethical considerations, particularly re-

garding data privacy and equitable access to care.
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Public awareness and accessibility are equally vital in reducing the global bur-
den of bruxism. By making diagnostic tools and treatments more affordable and
widely available, especially in underserved communities, we can ensure that all
individuals have the opportunity to manage their condition effectively. Continued
research and innovation will also play a critical role in uncovering the complex
interplay of factors that contribute to bruxism, paving the way for more targeted
and effective treatments.

In the end, addressing bruxism is not just about managing its symptoms but
improving the overall quality of life for those affected. By prioritizing holistic, pa-
tient-centered approaches and leveraging the best of modern science and technol-
ogy, we can take meaningful strides toward minimizing the impact of bruxism

and empowering individuals to lead healthier, more comfortable lives.
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