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ABSTRACT

In many areas of dentistry, transcutaneous electrical nerve stimulation (TENS) has shown promise as a non-invasive,
non-pharmacological pain treatment technique. This literature review examines how TENS is used in dentistry,
emphasizing its workings, advantages, drawbacks, and prospects. The main mechanisms by which TENS therapy
modifies both acute and chronic pain perception are the Gate Control Theory and the activation of endogenous opioid
release. TENS has demonstrated clinical effectiveness in treating orofacial problems in juvenile and special needs
populations, including Bell's palsy, trigeminal neuralgia, myofascial pain dysfunction syndrome (MPDS),
temporomandibular disorders (TMD), and procedural pain. It can be used for neuromuscular re-education in
prosthodontics, procedural analgesia in endodontics and periodontics, and pain related to tooth movement in
orthodontics.

Additionally, by improving salivary flow, TENS shows potential in treating xerostomia. It has disadvantages as well as
contraindications, particularly for people with epilepsy, pacemakers, and other systemic disorders, despite its advantages
of low cost, portability, and little side effects. The ongoing issues with patient education, electrode placement, and dosage
control underscore the need for more thorough clinical research and established practices. Transcutaneous Electrical
Nerve Stimulation (TENS) demonstrates considerable potential in the future of dental practice due to ongoing
technological advancements and the increasing patient preference for non-invasive, home-based therapies. In contrast to
conventional pharmacological analgesics, TENS offers a safer and more physiologically compatible modality for the
managing dental pain.

1. INTRODUCTION
The noninvasive analgesic method of transcutaneous electrical nerve stimulation (TENS), which applies low-voltage

electrical currents to the skin's surface using electrode pads, can treat nociceptive, neuropathic, or musculoskeletal pain.
(1-3) TENS is generally employed in the medical field to alleviate acute and chronic pain. (4)

TENS therapy produces Endorphins and other naturally occurring substances that help stimulate sensory nerves, which
modifies pain perception. The TENS therapy is founded on the gate control hypothesis for pain, which postulates that
non-painful input can "close the gate" to unpleasant input, thus lessening the pain perception. TENS machines can
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effectively provide brief relief from various types of pain by preventing or rerouting pain signals from reaching the brain
by delivering regulated electrical impulses. TENS machines' intensity, frequency, and pulse duration are usually
customizable, enabling users to modify their treatment to their comfort level and the kind of pain they're experiencing.
()

TENS uses self-adhering conducting pads called electrodes to deliver pulsed electrical currents across the skin's intact
surface. A portable pulse generator produces the currents. There is no risk of toxicity, so patients can self-administer
TENS and adjust dosage as needed. In the UK, "standard" TENS devices cost about £30 and may be bought without a
prescription. (5)

Parts of TENS units:

TENS UNIT: it generates electric pulses. There are two types available:

"Clinical Model ”: Dentists use this model at the clinic. It connects to the building's electrical outlet to produce electricity.
"Patient Model": Patients can wear this little, portable gadget as part of their outfit, in their pocket, or fasten it to their
belt. It has a battery that serves as a power source.

Lead Wires: Enable the electrodes and the TENS unit to connect electronically.

Electrodes: The TENS unit converts the electric flow to an ionic current flow in living tissue through electrodes. It is
possible to implant electrodes both within and outside the mouth. There are two types of extraoral electrodes: Flexible
electrodes made of silicone rubber impregnated with carbon, which are attached to the skin's surface using an electrically
conductive gel and Rigid/self-adhesive electrodes — Often metal or carbon film-based, with built-in adhesive gel for
direct skin application. Surgical tape is used to hold them in place. Tin plates or aluminum electrodes that do not fit the
body are attached to the skin's surface using cotton pads or sponges that moisten in tap water. Sticky electrodes, clamp
electrodes, and cotton roll electrodes are the intraoral electrodes. Sticky electrodes are currently the most widely used
electrode kind. (6)

2. TENS for Orofacial Pain Management

Transcutaneous Electrical Nerve Stimulation (TENS) is a non-invasive, drug-free modality widely used for managing
orofacial pain, particularly in conditions such as temporomandibular disorders (TMD), myofascial pain dysfunction
syndrome (MPDS), trigeminal neuralgia (TN), and procedural dental pain. Its analgesic effects stem from two main
mechanisms: the Gate Control Theory, which involves inhibition of nociceptive signals via A-p fiber stimulation, and
the activation of descending inhibitory pathways that promote endogenous opioid release such as endorphins and
serotonin (7-9).

Bell’s Palsy

Bell’s Palsy is an idiopathic, unilateral facial nerve paralysis, often associated with inflammation and impaired
neuromuscular function. TENS has shown potential in the rehabilitation of facial muscles in Bell’s Palsy patients by
promoting nerve regeneration, enhancing blood circulation, and preventing muscle atrophy.

TENS is usually applied in the preauricular region, stimulating the facial nerve branches to facilitate muscular re-
education. Clinical studies have demonstrated that adjunctive TENS therapy, when combined with conventional facial
exercises or physiotherapy, can accelerate recovery, improve facial symmetry, and reduce residual paralysis, particularly
in the subacute and chronic stages of Bell’s Palsy. One randomized controlled trial reported that patients receiving TENS
showed significantly better House-Brackmann facial nerve grading scores after 3 weeks compared to control groups
receiving only exercises (10).
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Clinical Applications.

Temporomandibular Disorders (TMD):

TENS reduces myoelectric activity in masticatory muscles, leading to improved mandibular function and pain relief.
When used alone or with splint therapy, it enhances clinical outcomes in TMD patients (11-13).

Myofascial Pain Dysfunction Syndrome (MPDS):

By stimulating A-6 fibers, TENS promotes muscle relaxation, reduces edema, and enhances local circulation, effectively
reducing chronic preauricular pain and muscle fatigue (14,15).

Trigeminal Neuralgia (TN):

In patients with neuropathic facial pain, TENS provides relief by stimulating large fibers and interrupting pain
transmission. It offers a non-invasive option for drug-resistant cases (16,17).

Pediatric and Procedural Pain:

TENS serves as a needle-free alternative to local anesthesia in pediatric dentistry, showing comparable efficacy and
higher acceptance in children (18,19).

Xerostomia:

Application of TENS over the parotid gland has been shown to stimulate salivary flow in both healthy individuals and
xerostomia patients, providing symptomatic relief (20).

Advantages:

TENS is cost-effective, portable, and patient-controlled. It has minimal side effects, and its non-pharmacological nature
makes it ideal for medically compromised or needle-phobic patients. Home use increases accessibility in rural and low-
resource settings (21,22).

Limitations:
Contraindications include pregnancy (unless supervised), pacemakers, epilepsy, open wounds, and recent trauma. While
effective in functional pain syndromes, TENS is less beneficial for structurally-driven pain (9,23).

In conclusion, TENS is a safe and effective adjunctive tool in the management of orofacial pain. It improves quality of
life in both acute and chronic conditions and holds promise for broader adoption in clinical dental practice.

3. TENS in Prosthodontics and Occlusal Therapy

Temporomandibular disorders (TMD) refer to a group of conditions that affect the temporomandibular joints (TMJs),
the masticatory muscles, or surrounding structures. These disorders are commonly associated with pain in the TMJ area,
the muscles involved in chewing, or around the ear. (24) Common symptoms may include headaches, sleep disturbances,
depression, and earaches. (25-27) It’s estimated that around 13 million people in the U.S. experience pain related to
TMD. (28)

TMD tends to affect young and middle-aged adults more frequently and is more common in women than men.
Interestingly, its prevalence appears to decline with age. In some cases, the pain can become persistent and intense
enough to cause serious discomfort and even lead to disability. (29)

One potential treatment for TMD that has been explored in the literature is Transcutaneous Electrical Nerve Stimulation
(TENS). It’s often used in clinical settings due to its pain-relieving and muscle-relaxing eftects. (30) However, studies
suggest that the effectiveness of TENS may vary depending on how long it’s applied and what frequencies are used,
which highlights the need for further research. (31)

Diagnosing TMD involve various imaging techniques such as panoramic X-rays, Cone Beam Computed Tomography
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(CBCT), Magnetic Resonance Imaging (MRI), ultrasonography, and arthrography. (32) While CT scans are best for
viewing bone structures of the TMJ, MRIs are more effective at evaluating soft tissues.

Treatment for TMD typically aims to reduce pain and joint clicking, while restoring normal TMJ function. Some research
has also suggested a link between TMD and certain types of malocclusions. (33)

To summarize, Ultra-low-frequency TENS can be an effective method for recording peripheral borders and centric jaw
relation when creating complete dentures that align with the gnathological system (34). Weekly TENS treatments for 30
minutes can also help speed up the recovery of oral function following orthognathic surgery. After four weeks, patients
with skeletal class II who received TENS showed a significantly greater maximum jaw opening and reduced vertical
inflammation compared to those who received a sham-TENS treatment (35). In skeletal class III patients, TENS seemed
to improve jaw opening, but there were no significant differences between the groups.

4. TENS for Endodontic and Periodontal Pain Relief

Pain control in dentistry is predominantly achieved through local anesthesia; however, needle-based techniques can
induce discomfort and anxiety in patients. TENS, a non-pharmacological analgesic modality, offers an alternative
approach by electrical stimulation to modulate pain perception.

Endodontics: TENS has been successfully used for analgesia during rubber dam placement, cavity preparation, pulp
capping, and root canal therapy. Studies suggest that TENS can reduce the need for anesthetic injections in mild to
moderate endodontic pain, improving patient comfort during treatment. Harvey and Elliott reported significant pain
reduction during cavity preparations in pediatric patients using TENS (36).

Periodontics: Patients undergoing periodontal procedures, such as scaling and root planning, often experience
discomfort. TENS has been utilized to control pain during these procedures, potentially reducing or eliminating the need
for topical or injectable anesthetics.

Orthodontics: Orthodontic treatments often induce pain, particularly following appliance activation or separator
placement. TENS has been investigated as a non-pharmacological method for managing this discomfort. Studies have
demonstrated that TENS can significantly reduce pain associated with orthodontic tooth movement. For example, a study
by Roth and Thrash found that TENS effectively controlled pain during orthodontic procedures. Additionally, TENS has
been found effective in alleviating periodontal pain associated with orthodontic separation. A study demonstrated that
TENS effectively reduced pain during orthodontic tooth movement (37).

Management of Xerostomia: Xerostomia, or dry mouth, can lead to various oral health issues, including increased
caries, periodontitis, and tooth sensitivity. TENS has been investigated as a therapeutic modality to stimulate salivary
flow in patients with xerostomia. Increased salivary flow can enhance oral lubrication, aid in digestion, and provide
antimicrobial properties, thereby reducing the risk of caries, periodontitis, and tooth sensitivity. Furthermore, TENS has
been shown to improve the quality of secreted saliva, including parameters such as salivary pH, cortisol levels,
antioxidants, and viscosity, contributing to overall oral health (38).

S. TENS in Pediatric & Special Needs Dentistry:
TENS has been widely accepted as a clinical adjunct for analgesia & reducing anxiety in adults as well as pediatric
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patients. (39-40) As per literature, TENS has been used interchangeably with EDA i.e. Electronic Dental Anesthesia.
(41) The regular therapy includes placing the electrodes at the problem site or at a site where the intended effect is
advised. In a particular study, to gain consent from a pediatric patient receiving TENS therapy for Behcet’s syndrome,
the author introduced it as a "magic box" and first modelled it on the mother. (42) As the Tell-show-do was employed,
the electrodes were placed on the child's finger, to let her first become comfortable with the sensations produced. This
technique can be equally useful in patients with special needs.

In special needs patients, TENS has also proven beneficial in reducing muscle spasms. Especially in patients with
cerebral palsy, who have uncontrolled movements. (43-44)

In this specific population, it's important to properly introduce them to the TENS equipment and explain about the
procedure, and that’s where PECS (Picture Exchange Communication System) board can play a vital role.

While the available studies do not provide specific examples or research on the combined use of PECS boards and TENS
therapy for autistic children, the principles of visual communication in PECS, along with the anxiety-reducing potential
of TENS in children, suggest that using a PECS board with TENS-related visuals could be a beneficial approach to aid
understanding and cooperation during therapy. This would align with the general recommendation to increase the
acceptability of TENS therapy through methods like a "desensitization protocol" & behavior modelling. (39,40,)

Procedure & Recommendations:

The following steps are recommended:
1. Behavior Modelling & Reassurance of care.
2. Identify the site of electrode placement.
3. Adjusting the amplitude of nodes (checking for the twitching of muscle around the electrode)
4. FACES score after completion of therapy

The site of electrode placement should be as such-
1. Avoid sensitive areas, such as the front of the neck (carotid sinus), eyes etc.
2. Avoid areas of broken or irritated skin.
3. Never apply on Chest and upper back at the same time.

Contraindications:

Though the applications are noteworthy, caution should be exercised in children suffering from epilepsy, heart
conditions etc.

Key Considerations for Pediatric TENS:

e Individualized Treatment:
o Pediatric TENS therapy requires a highly individualized approach. Electrode placement and stimulation
parameters must be carefully tailored to the child's specific needs.
o A healthcare professional with experience in pediatric pain management should guide the treatment.
o Safety:
o Children's skin is often more sensitive than adults', so careful attention to skin integrity is crucial.
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o Electrode placement should avoid sensitive areas, such as the front of the neck (carotid sinus), eyes, and
areas of broken or irritated skin.

e The intensity of the electrical stimulation should be kept at a comfortable level for the child.
e Communication:
o Effective communication with the child is essential to ensure they understand the procedure and can
provide feedback on their comfort level.
Age-appropriate language and explanations should be used.
PECS board has been successfully used for ASD kids in improvement of oral hygiene practices (39),
and it can be utilized the same way for introducing EDA.

General Electrode Placement Principles:

e Around the Pain Site:
o A common approach is to place the electrodes around the perimeter of the painful area.
o This allows the electrical current to target the affected nerve fibers.
o Along Nerve Pathways:
o Insome cases, electrodes may be placed along the nerve pathways that supply the painful area.
o This can be particularly useful when the pain site is difficult to access or when the child finds direct
electrode placement uncomfortable.
e Dermatomes:
o Some practitioners will use dermatome maps to place electrodes corresponding to the nerve root that
supplies sensation to the painful area.

6. Challenges, Future Perspectives, and Expanding Applications of TENS in Dentistry

Implementing TENS therapy in dentistry presents some challenges. Because TENS therapy can disguise pain, it becomes
difficult to comprehend the underlying causes of actual pain. Improper placement, wrong setting, or leaving electrodes
for too long can result in several skin irritations, such as redness, itching, or burning sensation (45). Placing electrodes
in the anterior and posterior chest can impair pulmonary functions, it can also cause laryngeal spasm and hypotensive
response if placed on the anterior neck (46). Patients with cardiovascular issues, particularly with pacemakers, should
avoid TENS therapy, as it can disrupt the pacemaker's function if applied to the thoracic region. TENS therapy is strictly
contraindicated for patients with aneurysm, stroke, or transient ischemia, as it increases peripheral blood flow; for
patients with epilepsy, as it may trigger seizures; and for pregnant patients during the first trimester, as it may pose
potential risks to the fetus by inducing uterine contractions. TENS therapy is not suitable for patients with mental
disabilities or those experiencing undiagnosed pain. TENS devices tend to be costly, making insurance coverage a
concern for some patients and require thorough training to use effectively (47). The use of TENS in malignant sites is

also prohibited because it may have unknown effects on malignant cells and metastasis (48).

The future perspectives of TENS therapy in dentistry are unquestionable as more research is conducted to evaluate its
efficiency in pain management. TENS therapy will be regarded as one of the significant alternatives to opioids which
are associated with potential risks including addiction and overdose. TENS therapy can be integrated into the
management plan of long-term pain, for instance, arthritis, fibromyalgia, back pain etc., and also for short-term pain
relief, as in MPDS, TMD etc. People are likely to prefer at-home TENS therapy for muscle spasms since many companies
have developed customized and portable TENS devices as a part of non-invasive therapy. While patients experience
difficulties returning to normal oral function following surgery, numerous studies have evidenced the efficacious use of
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TENS in post-operative pain management. Due to advances in TENS technology, more health professionals tend to
incorporate TENS to ensure excellent patient care and functional outcomes. Its advances will continue to grow, including
wearables, innovative technology, and integrated heat technology in hospitals and home settings (49). A study has shown
that patients tend to bounce back quickly after orthognathic surgery if provided with TENS for 30 minutes weekly.
Maximum jaw opening and less vertical inflammation have been clinically evident in skeletal class 2 patients receiving
TENS than in those receiving sham-TENS or placebo treatment (50). To reach new heights in TENS therapy, future
research should refine electrical stimulation parameters such as frequency (pulse rate), intensity (amplitude), and pulse
width (duration). Additionally, consistent delivery of stimulation and broader access to its availability should be ensured.
Moreover, studies should emphasize high-quality clinical trials, systematic reviews, and meta-analyses with standardized
protocols to employ the therapeutic potential of TENS in diverse patient-care settings (51).

The expanding applications of TENS therapy in dentistry include managing acute and chronic pain, cancer-related pain,
and pain associated with various musculoskeletal conditions, such as neck and shoulder pain, back pain, and Carpal
Tunnel Syndrome (CTS), due to prolonged static postures. Although the direct application of TENS over cancerous cells
is contraindicated, it can be utilized as palliative care for patients who have been free of cancer for more than five years.
The overall significance of TENS remains unsettled due to insufficient sample sizes, but systematic reviews suggest that
TENS and progressive muscle relaxation exercises accompanied by music are proven to be the most effective
interventions for alleviating the aforementioned pain (52).

CONCLUSION

The future of TENS in dentistry is promising despite having several challenges. Its applications have been widely studied
& researched in the medical field. Though its evidence in treating dental pain has been published, there are fewer clinical
studies documented. This literature review explores different applications of TENS in dentistry & intends to demonstrate
safer techniques to include in clinical practice. The effects of TENS as analgesics and non-analgesics to manage varied
kinds of pain related to maxillofacial region have been reviewed by the researchers and the possibilities are promising.

It offers a non-invasive alternative to opioids for managing both acute and chronic pain, such as in TMD, arthritis, or
post-operative recovery. Technological advancements like wearable devices and integrated heat features support its
broader use in clinical and home settings. Studies highlight its benefits, particularly in surgical recovery, though more
high-quality, standardized research is needed. While contraindicated directly on malignant sites, TENS may still be used
for long-term cancer survivors in palliative care.
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