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Abstract
The botulinum toxin, or more commonly known as Botox is a neurotransmitter that has multiple uses not only for aesthetic purposes but for therapeutic purposes. When injected into the body, the botulinum toxin inhibits the release of acetylcholine, thus paralyzing the muscles. Due to the botulinum toxins mechanism of action, it is commonly used in the dental field for patients experiencing temporomandibular joint disorders, hypersalivation, healing of dental implants and surgeries, and cosmetic use. 
Botox Use in Dentistry
Many of us associate the use of Botox primarily with cosmetic use, but the botulinum toxin has a history of medially therapeutic uses. “Botox has now been increasingly used in dentistry as well due to its therapeutic use in treatment of certain oral conditions” (Nayyar 2014). While Botox is often associated with aesthetic, there are multiple cases in dentistry where Botox is used for treatment of conditions and disorders.
Botulinum toxin, various indications for use, and adverse reactions
Botulinum toxin, or Botox, is a “neurotoxin produced by the bacterium Clostridum botulinum, an anaerobic, gram-positive, spore-forming rod commonly found on plants, in soil, water and the intestinal tracts of animals” (Nigam, 2010). C. botulinum has eight exotoxins, Type A being the most potent toxin. When administered into the body, the botulinum toxin acts at four different sites in the body: the neuromuscular junction, postganglionic sympathetic nerve endings that release acetylcholine. autonomic ganglia, and postganglionic parasympathetic nerve endings. “In order for muscles to contract, nerves release a chemical messenger, acetylcholine, at the junction where the nerve endings meet muscle cells. Acetylcholine attaches to receptors on the muscle cells and causes the muscle cells to contract or shorten” (Nichols, 2017). The mechanism of action of botulinum toxin is as follows: “Intramuscular administration of botulinum toxin acts at the neuromuscular junction to cause muscle paralysis by inhibiting the release of acetylcholine from presynaptic motor neurons” (Nigam, 2010). 
Botulinum toxin is often administered into overactive muscles to relax them. “Overactive muscles are identified by muscular hypertrophy, stiffness, tenderness, and visible abnormal muscular activity” (Bhatia, 2000). “The botulinum toxins play a very significant role in the management of a wide variety of medical conditions including the treatment of numerous disorders including headaches, hypersalivation, and hyperhidrosis” (Nigam, 2010). Since botulinum toxin Type A is the most potent, low doses can be used to potentially reduce these disorders. Although botulinum toxin injections are usually tolerated well, there are still a few adverse reactions including mild injection site paint and edema, erythema, numbness, malaise, nausea, and headache. “Injection site reactions include bruising, bleeding, pain, redness, swelling, or infection” (Cunha, 2018). “The most feared adverse effect is temporary unwanted weakness and or paralysis of nearby musculature caused by the action of the toxin” (Nigam, 2010). Botulinum toxin treatment also diminishes the effects of hyper functional muscles. Due to the botulinum toxins ability to inhibit the release of acetylcholine, thus relaxing muscles, it is used for the treatment of multiple conditions. “Botulinum toxin is contraindicated in patients who are hypersensitive to any botulinum toxin preparation or to any of the components in the formulation. Botulinum toxin is also contraindicated in the presence of infection at the proposed injection site(s)” (Botox, 2010).
Therapeutic Effects in the Dental Field
“There are multiple dental therapeutic effects of the botulinum toxin, including TMJ disorders, dentofacial aesthetics, dental implants and surgery, masseteric hypertrophy and many others” (Nayyar, 2014). Botox has been approved by the FDA for painful conditions and is frequently used in the treatment of temporomandibular joint disorders. Temporomandibular joint disorders, or TMD, can be defined by “a number of diseases affecting masticatory function, which may include true pathology of the temporomandibular joint as well as masticatory muscle dysfunction” (Naayar, 2014). Patients with temporomandibular joint disorder often experience a “clicking, popping, grinding, and discomfort upon opening, closing or mastication” (Wilkins, 2017). 

[bookmark: _GoBack] Although the exact cause of temporomandibular joint disorder is idiopathic, trauma to the temporomandibular joint or jaw plays a role in most temporomandibular joint disorders. There are various treatments for temporomandibular joint disorders including pain relievers, tricyclic antidepressants, muscle relaxants, oral splints, and in severe cases, surgery. “ Temporomandibular joint disorder often responds to home remedies, including ice packs to the joint, over-the-counter nonsteroidal anti-inflammatory drugs, avoiding chewing gum, massage or gentle stretches of the jaw and neck” (Cunha, 2018). Majority of temporomandibular joint disorders are caused by bruxism or external stressors. When Botox, a muscle relaxant, is administered into the muscles of mastication, the clenching reflex can be reduced or eliminated. “Because a very small percentage of available force is required to masticate food, a slight relaxation of muscle function reduces bruxing and is usually insufficient to affect chewing and swallowing” (Nayyar, 2014). Patients tend to experience relief after each injection, and the weakness induced by injection  usually lasts about three months. Using Botox to relax masticatory muscles is not only beneficial for temporomandibular joint disorders, but dental implants and surgeries as well.
Another therapeutic effect of Botox in the dental field is using it as a muscle relaxant for dental implants. This follows the lines of using Botox to relax masticatory muscles caused by bruxism. “The muscular relaxation achieved with Botox injections to the masticatory muscles can be therapeutically beneficial by allowing implants better unimpeded osteointegration and fracture healing in a more stable environment” (Nayyar, 2014). “Thus, the overloading of implant results in its failure. Forces from hyperactive masticatory muscles can also prevent or impede fracture callus formation after maxillofacial fracture fixation. Hence in both conditions muscular relaxation can be achieved with BT injections into the masticatory muscles allowing a more stable environment for implant integration and fracture healing” (Nayyar, 2016). Administering Botox into the masticatory muscles will cause them to relax, thus lessening the force produced on the implants, leading to more efficient healing. 
Botulinum toxin used for myofascial pain
“Bruxism is recognized as the parafunctional masticatory muscle activity that enflames all the stomatognathic structures, being accountable for tooth wear, periodontal tissue damage, articular and/or muscular mutilation, characterized by excessive compression and/or grinding of the teeth, which can occur sleeping or waking” (Sewane, 2017).  There are multiple treatments for the management of bruxism including behavioral and physical treatments, sleep hygiene measures combined with relaxation methods, occlusal splint therapy, and medication. The botulinum toxin Type A is more commonly being used now as a muscle relaxant in treatment for bruxism.
A study was conducted in patients with bruxism to evaluate the effect of botulinum toxin type A in the treatment of myofascial pain and the occlusal force characteristics of masticatory muscles. Twenty-four patients diagnosed with bruxism were randomly divided into three groups and treated by bilateral intramuscular injection of botulinum toxin Type A and placebo-treated with saline placebo injections and control group where no injections were given. The clinical parameters such as pain at rest and during chewing were assessed and occlusal force analysis system to measure the distribution of occlusal force in bruxism patients. The pain at rest and at chewing decreased in the botulinum toxin Type A group while remaining constant in the placebo group and control group. There was a significant change in maximum occlusal force in the botulinum toxin Type A group compared with the other two groups and there was no significant difference between the placebo and control groups. (Sewane, 2017). 
Nocturnal bruxism can also occur. Nocturnal bruxism is “the repetitive grinding, clenching, and chewing movements of the jaw during sleep, and can occur in both children and adults” (Syna, 2015). A study was done to establish ‘proof of principle’ for the botulinum toxin type A to treat nocturnal bruxism with associated cranial facial pain. “Five consenting subjects with nocturnal bruxism and craniofacial pain who have tried dental prosthetics, and have failed trials of at least two prophylactic headache medications were enrolled. Four completed the trial” (Syna, 2015). The results were as followed: average number of bruxism events decreased through Week 4 after treatment. One of four participants' polysomnography showed consistent decrease in bruxism events in the weeks following treatment but overall the trends did not reach statistical significance. (Syna, 2015).
Botulinum toxin has also been used for the treatment of various spastic disorders. Mandibular spasms being a common spastic disorder, this disorder results from spasms of all muscles of mastication and mandibular muscles. “This disorder places limitations on completing the basic oral hygiene necessary to prevent oral diseases. Other impairments can include: Restrictions on dental treatment, difficulty with eating and diminished oral utility. Botulinum toxin treatment to the masticatory musculature diminishes the effects of hyper functional or spastic muscles” (Azam, 2015). Aside from treating pain, botulinum toxin can also be used to reduce hypersalivation.
Treatment of Hypersalivation
Hypersalivation, or sialorrhea, is when the body secretes excessive saliva. “Sialorrhea or hypersalivation and drooling are known to be associated with several neurological disorders. Salivation is controlled by the autonomic nervous system via cholinergic nerve fibers” (Restivo, 2018).  Hypersalivation causes multiple problems including difficulty to speak, and impairment of swallowing. The autonomic nervous system via cholinergic nerve fibers is what controls salivation. The major salivary glands account for majority of salivary secretion. Alternative treatment methods for hypersalivation include salivary gland surgery and anticholinergic oral drugs. 
“Recently, the percutaneous injection of botulinum neurotoxin type A (BoNT/A) into salivary glands has been shown to be effective in abolishing excessive sialorrhea associated with several neurological disorders” (Restivo, 2018). A study was done to evaluate the effects of botulinum toxin type A injection on hypersalivation in 90 patients with neurological diseases of different etiologies, and to define the minimum number of injected salivary glands to reduce sialorrhea. The botulinum toxin type A blocks the presynaptic release of acetylcholine from the cholinergic endings supply the salivary glands, thus reducing salivation. The study demonstrated that sialorrhea, due to different neurological diseases, may be successfully managed with injections into four or at least three salivary glands. This treatment is safe, simple and highly effective. The only concern with using botulinum toxin type A as a treatment for hypersalivation is it wear off after a couple of months, so the patient will likely have to return to receive additional injections. Aside from the administration of botulinum toxin type A, other treatments for hypersalivation include “home remedies, glycopyrrolate is a common option, and in severe cases surgery and radiation therapy” (Buff, 2017).
Other Therapeutic Effects.
Botulinum toxin is also helpful in the treatment of atypical odontalgia. “Atypical odontalgia manifests as continuous pain in the region of one or several teeth, in the absence of signs and dental pathology” (Garcia-Saez, 2018). Although the exact cause of atypical odontalgia is idiopathic, trauma is thought to be a leading cause. “In most cases, dental treatment doesn’t help. In some cases, it may temporarily lesson or change the severity of the pain, but it will inevitably return” (Falace, 2015).
A study was performed where nine patients with atypical odontalgia (four males and five females, aged between 31 and 77 years) received injections of Onabot in the region of pain. “All patients experienced a significant improvement, with ≥50% of reduction in the intensity of the maximal pain. The median of reduction of maximal pain after treatment was six points on the NRS (IQR 5–8.5). The response latency was 2–15 days and the duration of the effect was 2–6 months. No significant adverse reactions were registered” (Garcia-Saez, 2018).
Injections of botulinum toxin is also effective in the treatment of gummy smiles. Although treatment of gummy smiles is primarily for aesthetic purposes, if severe enough, a gummy smile can affect chewing and talking. “Currently, botulinum toxin has been shown effective in the treatment of gummy smile in patients with hyperfunction of the muscles involved in smiling. A gummy smile is conceptualized by the exposure of more than 3 mm of gingival tissue during smiling” (Pedron, 2018). “As the injection of botulinum toxin is intermuscular, the dosage of the botulinum toxin injection varies between females and males, depend on the lip muscle volume” (Mostafa, 2017). Studies have been performed where a patient with a gummy smile has undergone a gingivectomy, then injected with botulinum toxin type A. Administration of botulinum toxin type A is indicated for patients experiencing a gummy smile due to overactive muscles. The result was satisfactory to the harmony of the smile of the patient.
Botulinum toxin can also be used as an adjuvant for would healing after oral or maxillofacial surgery. “Inappropriate movements of the muscles adjacent to the surgical site immediately after surgery can inhibit healing” (Parks, 2016). Administration of botulinum toxin type A can facilitate healing by weakening the muscles. “It has been reported that botulinum toxin type A injection into the masticatory muscles of patients with jaw fractures prevents bone displacement” (Parks, 2016). 
As stated above, there are multiple uses for Botox in dentistry.  Administering the botulinum toxin helps to relax muscles, thus treating multiple disorders and conditions.  Contributions of this literature relating to the field of dentistry include the treatment of bruxism, temporomandibular joint disorders, dental implants and surgeries, hypersalivation, atypical odontalgia and gummy smiles. Although there are many benefits to the botulinum toxin in the treatment of disorders and conditions, adverse reactions do occur. Some adverse reactions include mild injection pain and local edema, erythema, transient numbness, headache, malaise or mild nausea. Additional studies on how effective the botulinum toxin is on the treatment of pain, and muscle relaxation could be useful. Additional steps researchers could take is study the amount of practicing dentists currently administering the botulinum toxin for therapeutic use and how effective they have been towards treatment.  I don’t believe anything needs to be “corrected” in these studies, although you can never go wrong with more studies, possibly administering different doses and types of the botulinum toxin to see how each reacts to certain treatments.
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