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Abstract 

AIM: To evaluate a new therapeutic approach that may permanently address excessive involuntary muscle activity which causes temporomandibular disorders (TMD). 

METHODS: A cohort of 69 TMD patients (33 men and 36 women, age range 14-71 years) was treated with Subconscious Temporomandibular Dysfunction (STeDy) therapy. A thick awareness splint assisted patients to gradually recognize the interdependence between psychological pressure and subconscious muscle activity. The STeDy therapy lasted for one year and involved three stages: (1) data collection including medical history, clinical examination, and psychological evaluation, (2) application of the awareness splint and consultation on a monthly basis, and (3) final evaluation.

RESULTS: About 10% of patients (3 men and 4 women) quit the STeDy therapy within the first 3-6 mo due to severe health problems or psychosocial reasons. Based on absence of objective and subjective clinical symptoms as well as on radiographic findings, the temporomandibular dysfunction treatment was successful in all remaining 62 patients that completed the year-long therapy. Symptoms including recurrent headache, morning fatigue, clicking sound or painful temporomandibular joint disorders (TMJ) were eliminated in all patients within the first six months. By completion of the STeDy therapy, all patients had learned to recognize stressful conditions and cognitively avoided to display excessive bruxism or other subconscious activity of stomatognathic muscles. A follow-up after at least one year indicated the permanent nature of the cognitive treatment in all patients, illustrating the fact that subconscious muscle activity due to stress plays a principal role in the great majority of TMD, at least in adults.

CONCLUSION: The STeDy therapy successfully and permanently faced TMD problems of all patients that completed the year-long treatment. 

© 2013 Baishideng Publishing Group Co., Limited. All rights reserved.
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Core tip: Despite the spectrum of variable symptoms, the pathology of temporomandibular disorders (TMD) is fundamentally a problem of excessive involuntary activity of certain stomatognathic muscles. The subconscious temporomandibular dysfunction (STeDy) therapy utilizes a thick awareness splint in order to gradually bring into the patient’s cognitive attention whatever stressful condition causes subconscious muscle activity. The STeDy therapy was applied for one year in 62 patients and successfully eliminated all TMD objective and subjective clinical symptoms as well as TMD-related radiographic findings. A follow-up after an additional year indicated the permanent nature of the cognitive treatment in all patients. 
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INTRODUCTION
Temporomandibular disorders (TMD) include a wide spectrum of acute and chronic problems of the joints of mandible and temple bones as well as the head and neck muscles[1-9]. Due to the use of different clinical criteria, the prevalence of TMD varies extremely between 6% and 93% in the literature[1-11]. A range of biological, psychological, and social etiologies comprise genetic factors which influence skeletal anatomy or central and peripheral (orofacial) nervous system dysfunction, as well as nutritional deficits, allergies, personality type, stress, dental or medication treatments[3,6,12-22]. 

A common major symptom of TMD is bruxism, i.e., the involuntary, subconscious and excessive grinding and/or clenching of the upper and lower teeth which may occur either in sleep or in awake status[16,23,24]. There are multiple causes of bruxism, stress being the most obvious among them. In this light, it is hardly surprising that bruxism is a pervasive pattern of behavior, which affects a significant percentage of the general population[23-25].

Common treatment of TMD with oral appliances used to be based on the biased assumptions that they facilitated occlusal disengagement, relaxed jaw musculature, repositioned temporomandibular joints, and restored vertical occlusion dimension[14,15,23-27]. In recent years, advances in neuroscience and pain pathophysiology have underlined the notion that treatments which involve oral appliances as well as other methods such as biofeedback devices, exert their effect mainly as elaborate placebos[14,23,28,29]. It is generally considered that conservative and reversible treatments are more acceptable than aggressive interventions, such as surgical removing of a masseter section[14]. Nevertheless, most treatments with oral appliances focus on treating symptoms and, although they frequently produce immediate positive subjective responses, they prove ineffective on a permanent basis, since they do not address the causes[14,23,24,30].  

We present here a new therapeutic approach which aims to permanently address the causes of TMD. Despite the wide spectrum of variable symptoms, TMD pathology is essentially a problem of excessive involuntary activity (“hyperfunction”) of certain stomatognathic muscles, observed unexpectedly and for no immediately apparent reason. We define this involuntary muscle activity underlying all TMD as subconscious temporomandibular dysfunction (STeDy). 

The scope of the proposed STeDy therapy is to bring into the patient’s cognitive attention whatever causes the subconscious involuntary muscle activity. This is achieved through the use of a rather thick acrylic oral appliance (“awareness” splint), which alerts the patient when he/she clenches his/her teeth and even awakes him/her if asleep. Sleep bruxism often applies powerful forces on teeth, gums and joints, exerting up to three times the force normally applied during food chewing[27,31]. 
We present the methodology of the STeDy therapy and some illustrative cases treated with this approach.  In addition, we discuss the permanent effects of the therapy on TMD symptoms after a follow-up period of at least one year.
MATERIALS AND METHODS
Patients 

A total of 69 Greek patients (33 men and 36 women) participated in this study after informed consent. All patients were residents of the Athens metropolitan area. Their age ranged between 14 and 71 years (47 ± 11.7 years, median 49 years). The diagnosis of TMD was made according to Research Diagnostic Criteria for TMD (RDC/TMD) axis I[32]. The patients were informed that the STeDy therapy is an innovative methodology and its effectiveness was under investigation. The clinical study protocol was approved by the Ethics Committee of the Department of Oral and Maxillofacial Surgery, University of Athens Medical School. 

Description of STeDy therapy 

The STeDy therapy occurs in three stages. The first (preliminary) stage involves one interview appointment of data collection which includes questionnaire answering, medical history taking, clinical examination, and psychological evaluation, as well as consultation on oral hygiene and description of the STeDy therapy. The second (therapeutic) stage lasts about one year, involving initial preparation and application of the awareness splint as well as consultation and evaluation appointments on a monthly basis. The third (final evaluation) stage involves follow-up and occurs one year after the initiation of the therapy and every year after that. It is very helpful to audio-tape or video-record discussions during sessions, so that a more accurate and objective account of a patient’s psychological status is available and, therefore, assessment of the therapy progression may be facilitated.      
Data collection
Medical history taking may reveal health or psychosocial conditions which are usually associated with TMD. A panoramic radiograph may reveal abnormal periodontal space, an indication of possible STeDy. The patient is asked to fill out a questionnaire. Each question is clarified by explanations which help the patient to realize the nature of the damage caused by the subconscious pressures exerted on teeth, tongue or orofacial muscles and the related dysfunctions of the stomatognathic system. Examples of questions and explanations in parentheses follow: (1) Do you have recurrent headache? (If the headache is usually experienced in the temporal area, this is indication for inflammation of the temporalis, a muscle which assists chewing. This type of headache, usually a migraine, is called tension headache); (2) Do you feel tired when you awake in the morning? [This may indicate increased temporomandibular joint disorders (TMJ) function during night sleep]; (3) Do you hear a “sound” or “noise” from the temporomandibular joint area when chewing or yawning? (The clicking sound indicates dislocation of the mandible, an advanced problem of the TMJ. Possible sources are clenching and/or teeth grinding); and (4) Do you experience annoyance/pain in your ears? (A painful inflammation of the TMJ is perceived by most people as ear annoyance or pain).
The patient responds to each question by selecting among preset numeric values of 0-3, as follows: No, never (0); Rarely (1); Often (2); Very often or continuously (3). This allows both qualification of the nature and quantification of the degree of TMJ involvement and possible STeDy in each patient.
Clinical examination
Indications of possible STeDy include: (1) the existence of malocclusion, especially when there is pain in apparently healthy teeth in conjunction with radiographic findings; (2) intense abrasion and wear of teeth, as well as mobility or peculiar drift of teeth; (3) presence of gingivitis or longstanding periodontitis despite of good oral hygiene and absence of systematic diseases, (4) imprints on cheek mucosa and/or tongue; (5) orofacial muscles such as the temporalis, the masseter, the pterygoid and the digastric being painful on touch, and (6) any symptoms of TMJ dysfunction, such as clicking, painful palpation, and displacement during the depression of the mandible. At this stage, any existing premature contacts are eliminated.    
Psychological evaluation and consultation 
During data collection, the personality and psychological status of the patient is evaluated and recorded. Consultation on specific oral hygiene issues and discussion regarding the STeDy therapy are in order. The patient is asked to follow the oral hygiene guidelines for two weeks.

Re-evaluation of patient, informed consent and initiation of treatment
 If the patient’s periodontal disorder has been in regression two weeks after the elimination of premature contacts this is another indication of STeDy. Upon the patient’s informed consent, treatment is initiated. 
Custom fabrication and application of the oral appliance
The awareness splint, which is, in essence, a thick flat plane stabilization appliance, is fabricated at chairside. Its thickness allows the full extent of occlusal pressure forces of the patient’s orofacial muscles. The splint thickness depends on the patient’s interocclusal rest space, since the splint is made as thick as that space plus 3 mm. Therefore, if an interocclusal rest space is 2-4 mm then a splint of 5-7 mm thick is fabricated. The awareness splint allows one to exercise pressure forces, while at the same time one may consciously feel and understand the impact of those forces. It is worth mentioning that the damage caused by these forces is negligible, as in any movement of the lower jaw, all teeth are in contact with the splint so that the pressure exercised is equally distributed. In patients with bruxism the tooth enamel during grinding is facing acrylic, while the TMJ “receives” pressure forces in a position, which by default, is considered already designed to “withstand” them.

Application of the awareness splint is accompanied with a discussion with patient about its features and function. Detailed instructions are given to wear the splint over night sleep and during daytime when the patient is under stress, if feasible (e.g., when driving in traffic). One week later, there is re-evaluation of the smooth functionality of the splint.
Consultation and evaluation appointments
Ten sessions take place on a monthly basis, in which consultation in the form of friendly discussion as well as evaluation of the patient’s awareness occur. During this period, the patient is advised to perform various anti-stress exercises, such as a procedure to frequently check the possible tension of the jaw (in which the head is supported by one’s thumb while the rest of the fingers check the jaw tightness and relaxation of the lower lip sphincter muscle), breathing exercises (relaxed breathing during which the end of the lips vibrate with exhaling), or even the use of an anti-stress ball. It is also suggested that hard gum mastication (e.g., Chios mastic) is appropriate when the patient experiences tension, in order to avoid grinding by merely immersing the teeth in the gum mass. Last but not least, consumption of a natural tranquilizer such as camomile or valeriana tea is also suggested prior to night sleep. 

Evaluation of therapy progress
During the period of monthly sessions, the patient’s progress in respect to STeDy therapy is being closely monitored. The aim of this evaluation is whether the patient gradually displays consciousness: (1) to recognize STeDy symptoms when felt (cognitive level); (2) to be aware of the interdependence between psychological pressure and STeDy along with personal injuries caused by this dysfunction (psychomotor level); (3) to obtain conscious control over jaw movements by taking personal responsibility to plan and implement the changes necessary to achieve self-regulation and to transform tension into something more creative (cognitive level); and (4) to obtain a more positive attitude towards life and to be encouraged to manage changes in one’s life (emotional level).

Final evaluation of the therapy
The final evaluation occurs one year after initiation of the STeDy therapy. A treatment is considered successful if two objective and three subjective criteria are fulfilled. The objective factors include the absence of clinical symptoms and radiographic findings. In addition, the therapy is successful if the patient: (1) declares that all STeDy symptoms have vanished; (2) is fully conscious of the cause of  STeDy (as mentioned above) ; and (3) knows how to prevent STeDy, when sometime in the future there is a period of distress in his/her life. In case the above criteria are not fulfilled, the therapy may be continued for a few more months. After a successful STeDy therapy, there is follow-up once a year in order to ensure the permanent nature of the treatment.
RESULTS 
About 10% of patients (3 men and 4 women) did not complete the year-long STeDy therapy, but instead quit within the first 3-6 mo for various reasons. Four of them quit due to severe health problems (three developed cancer and one suffered a myocardial infarction) and the rest quit due to psychosocial reasons (an example is Case 3 as described below).    

The STeDy therapy was received well by all remaining patients, who completed the year-long treatment. The temporomandibular dysfunction treatment was successful in all 62 patients, based on the five criteria mentioned above, which include absence of objective and subjective clinical symptoms, as well as of radiographic findings. 

Before treatment, the 62 patients had reported the following subjective symptoms (Table 1, Figure 1): (1) Recurrent headache: 55% never had any, 30% rarely had some, and 15% often had some; (2) Morning tiredness: 40% never had any, 40% rarely had some, and 20% often had some; (3) Clicking sound: 70% never had any, 0% rarely had some, and 30% often had some; and (4)  Painful TMJ: 35% never had any, 35% rarely had some, and 30% often had some. 

One third of the patients (n = 22) had two of the aforementioned severe symptoms, one third (n = 21) had only one severe symptom, while another one third (n = 19) did not report any such symptoms, but had other ones like painful muscles. Significant improvement was subjectively evident in the first three months, while within six months all subjective symptoms were eliminated (Table 1, Figure 1). A follow-up after at least one year has indicated the permanent nature of the treatment in all patients. 

In order to illustrate the effect of the STeDy therapy approach, a couple of characteristic cases which completed the year-long treatment will be described. In addition, a third case of one of the quitters will follow. 

Case studies

Case 1: A 54-year-old lady, married with two adult sons, very introverted. She used to work as a bank financial officer but retired early. A couple of months after having new prosthetic work in teeth 16 and 26, she complained about morning headache, annoyance in ears, and dental pain during mouth washing and chewing. She also had a painful temporalis. She considered the headaches as almost “natural” because her mother and her aunt frequently suffered from them, as well. 

It took approximately seven months before the patient decided to be treated with the STeDy therapy. After two months of treatment, she presented with strong morning headache and dental pain. Discussion brought up the stress she felt at the time because of her younger son’s problems with University studies. It was recommended to her to keep a diary of stressful days and adopt a more relaxed body posture. At six months she stated that she understood that she was tense, she had been following the anti-stress exercises and she had been more extraverted and friendly with people. At seven months, her mouth and posture were more relaxed. Starting at eight months she started to avoid wearing the awareness splint one day per week. At ten months, the patient said she did not have any STeDy symptoms because she felt more relaxed and open-minded than previously. She felt that if she might need the splint again in case of stress, she would know how to use it. The first yearly follow-up showed that she rarely needed to wear the splint.                

Case 2: A 49-year-old plump man, kind-natured and timid, married with two daughters studying at University. He had a degree in economics and worked as a chief accounting manager in a big corporation. He complained about jaw stiffness and fatigue in the morning. He knew that he clenched his teeth, and that he had bloody gingivae and TMJ clicking. The clinical examination revealed painful right outer pterygoid and right masseter muscles, as well as painful palpation and light clicking of left TMJ.

The patient decided without hesitation to be treated with STeDy therapy. After one month of treatment, he claimed that with the awareness splint his morning taste was much better and he woke up with a sense of freshness in his mouth. In the second month, the patient reported that he did not sleep well and that his teeth were bloody two mornings in a row during a very stressful period of the fiscal year end. Psychological consultation underlined the fact that stress resulted in actual physical damage and it was recommended to him to keep a diary of stressful days. The patient seemed to understand that he had to overcome stress in order to help himself. In the third month, he reported that he did not feel any pain in the morning and he seemed very relaxed, extraverted and joyful. During discussion, he became sad when he mentioned that he missed his deceased parents especially in holiday banquets. A few minutes later, the same sadness reappeared when the patient talked about the absence of his daughters from the family home during holidays. Consultation focused on the need to accept the facts of life and to always try to stay calm, almost as an independent observer, even when stressful moments arise. 

In the fourth month, the patient reported that he had realized how little things caused disproportionately much stress and pain to him. This had happened when he did not find a free tennis court when he wanted to play with a friend and that made him distressed and put him under pressure for the whole day, while trying to conceal his frustration. In the fifth month, he reported that he was very calm during the death of two relatives in advanced age, one of whom was a dear uncle (his “second father”). In the next couple of months, the patient reported that he had a couple of problems in his job, the first of which caused him painful teeth clenching, while the second one he faced humorously without feeling stress. He was advised to avoid wearing the awareness splint two days per week. 

In the eighth month, the patient appeared very serene and all STeDy symptoms seemed to have disappeared. He reported that he did not observe any difference in the mornings when he had not worn the splint. He even mentioned a remarkable incident in his workplace. A misallocation of a huge amount of money in a bank account had occurred and the corporate director in a state of panic went to find him in the company dining room in order to tell him to work immediately on the problem. Reportedly, the patient replied calmly to his director that “anxiety creates more problems” and that “lunchtime was a sacred right and that he would tackle the problem after his meal in about a quarter of an hour”! Indeed, the patient worked out a solution soon afterwards. At nine and ten months, the patient said he did not have any STeDy symptoms because he felt no difference if he wore the splint or not. The clinical and radiological examination did not reveal any TMD symptoms. The first yearly follow-up also showed no STeDy findings.         

Case 3: A 20-year-old University student who was referred by a dentist because of bruxism during sleep. The clinical examination revealed painful right outer pterygoid, masseter and digastric muscles. In addition, the patient presented with several red spots on his face, mild alopecia, bitten nails and a childish voice tone. He confined that from time to time he underwent treatment for alopecia and that the red spots appeared when he was anxious.   

Approximately one week after the initiation of the STeDy therapy, he started waking up relaxed in the morning without any painful TMD symptoms. In the first month he stated that he felt calm, an obvious fact since his appearance had changed drastically. His red spots had disappeared and he remarked that his hair had stopped falling.    

In the third month the casual discussion about the patient’s anxieties revealed that he felt a chronic fear about his father who used to beat him brutally when he was a child. When it was suggested to him that it was possible that the cause for his main anxiety might be his father’s oppression and that he had to face that, the patient was deeply disturbed. After that session, the patient decided to quit the STeDy therapy.  

DISCUSSION
We present here a new therapeutic approach of various TMD symptoms, which are caused by excessive involuntary muscle activity. The Subconscious Temporomandibular Dysfunction (STeDy) therapy utilizes an awareness splint in order to bring into the patient’s cognitive attention whatever causes bruxism or other subconscious muscle activity. 

The STeDy therapy was successful in all 62 patients that completed the year-long treatment, based on absence of subjective and objective clinical TMD symptoms. This treatment faced both dental and psychological problems of all patients in a permanent manner, as indicated by a follow-up one year after its completion. The surprisingly optimal success of the STeDy therapy illustrates the fact that stress plays a principal role in the great majority of TMD, at least in adults, regardless of variable clinical symptoms[1-11,14,33-42]. 

The optimal success of the STeDy therapy, especially in comparison to other treatment using oral appliances[43-48], illustrates the substantial difference of the awareness splint with other splint types. Excessive grinding and clenching of teeth is a form of tension elimination, which the patient does not realize with other occlusal appliances which are designed to reduce muscle activity and loading of temporomandibular joints. On the other hand, with the awareness splint the patient is forced to consciously feel the biting pressure that he/she exercises and gradually notices its correlation with certain stressful causes. As, this realization takes time, approximately one year of treatment and coaching is probably needed, although in this study most subjective STeDy symptoms had vanished within six months. Once the patient realizes that certain stressful conditions may cause temporomandibular dysfunction, he/she may use the awareness splint as a precautious measure whenever he/she feels vulnerable. Therefore, the STeDy therapy seems to have a permanent effect on the patient. 

There are several skills which a dentist applying the STeDy therapy must possess. These include: (1) fair knowledge of head anatomy for palpating the stomatognathic system muscles; (2) ability to differentially diagnose gingivitis related to TMD or other causes; (3) ability to interpret radiographic findings; and (4) knowledge of psychology in order to recognize stress-related emotional conditions, to discuss with the patient how to deal with daily problems and how stressful situations affect his/her tooth bruxism. In addition, the dentist must be able to recognize psychotic cases, which will need to be referred to a psychiatrist.     

There are certain mistakes that should be avoided during the STeDy therapy. Before any such treatment, it is obvious that all serious dental problems such as painful occlusion due to pulpitis, periodontitis and hardship have to be addressed first. In addition, if the awareness splints are made without using adjustable or semi-adjustable anatomic articulators but common articulators instead, then there is considerable pressure on the molars and, during elimination of premature contacts, the splint height is reduced. 

It should be mentioned that the STeDy therapy has to be modified in some cases. For instance, when several teeth are missing and prosthetic work is in order, it is advised to first use a bite splint in order to temporarily address the TMD symptoms. After the completion of the prosthetic treatment, STeDy therapy may be realized using an awareness splint. Another example is the modification of part of the palatal side of the awareness splint in patients who feel discomfort due to the perceived threat of foreign body. In this case, the splint may be tolerable if it covers the palatal sides of the upper teeth as well as part of the palate. 

The STeDy therapy addresses the main cause of TMD, which is related and/or aggravated by stress. There is mounting evidence that a strong psychological element underlies etiologies of TMD[1-3,6,18,19,21,22,35-38, 48-53]. This fact might explain the reported evidence indicating that cognitive behavioral therapy either alone or in combination with biofeedback, conservative treatment or self-care may improve the outcomes of TMD patients[54]. 

The relative success of psychological approaches such as cognitive behavioral therapy or placebo treatments[14,54] and the fact that the STeDy therapy seems to have optimal success, underline the fact that a radically effective treatment for TMD essentially needs a long-term management of stress. Stress is a common unconscious defence mechanism to the underlying fear of death, and the best way to face it according to cognitive psychology is to recognize its irrationality[55,56]. 

This method of bringing into a person’s attention the irrationality of stress and unsubstantiated fears in everyday life (including the constant fear of death) stems from the teachings of the Athenian philosopher Epicurus[55-57]. He maintained that in order for someone to live a happy life one has to consciously recognize the irrational anxieties and prudently avoid psychological suffering with all its negative consequences[40,41].  It seems that the same stands for TMD treatment as well as for many other stress-related disorders. The specialized health professionals may help their patients more effectively by showing them the way to consciously avoid the causes than by treating temporarily or only masking the apparent symptoms.  
In conclusion, the STeDy therapy assisted all patients to recognize stressful conditions and cognitively avoid excessive bruxism or other subconscious activity of stomatognathic muscles. A follow-up after at least one year indicated the permanent nature of this cognitive approach illustrating the fact that subconscious muscle activity due to stress plays a principal role in the great majority of TMD, at least in adults.
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Background

Despite the spectrum of variable symptoms, the pathology of temporomandibular disorders (TMD) is fundamentally a problem of excessive involuntary activity of certain stomatognathic muscles. The subconscious temporomandibular dysfunction (STeDy) therapy utilizes a thick awareness splint in order to gradually bring into the patient’s cognitive attention whatever stressful condition causes subconscious muscle activity.
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TMD include a wide spectrum of acute and chronic problems of the joints of mandible and temple bones as well as the head and neck muscles. Due to the use of different clinical criteria, the prevalence of TMD varies extremely between 6% and 93% in the literature
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The authors present here a new therapeutic approach of various TMD symptoms, which are caused by excessive involuntary muscle activity.
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The STeDy therapy was applied for one year in 62 patients and successfully eliminated all TMD objective and subjective clinical symptoms as well as TMD-related radiographic findings. A follow-up after an additional year indicated the permanent nature of the cognitive treatment in all patients.
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Figure 1 Percentage of patients that reported subjective symptoms of (A) recurrent headache, (B) morning tiredness, (C) clicking sound, and (D) painful temporomandibular joint disorders. The patients responded to questions whether they experienced those symptoms by selecting an answer with a preset numeric value, as follows: “No, never” (0); “Rarely” (1); “Often” (2); “Very often or continuously” (3),  before treatment (0 mo), at 3 mo and at 6 mo of subconscious temporomandibular dysfunction therapy.
Table 1 Subjective attitudes of 62 patients as indicated by their answers to questions regarding recurrent headache, morning tiredness, clicking sound and painful temporomandibular joint disorders before, after 3 mo and after 6 mo of subconscious temporomandibular dysfunction therapy 
	Questions
	
	0
	1
	2
	3

	Recurrent headache
	Initially
	34
	19
	9
	0

	
	At 3 mo
	59
	0
	3
	0

	
	At 6 mo
	62
	0
	0
	0

	Morning tiredness
	Initially
	25
	25
	12
	0

	
	At 3 mo
	62
	0
	0
	0

	
	At 6 mo
	62
	0
	0
	0

	Clicking sound
	Initially
	44
	0
	18
	0

	
	At 3 mo
	59
	0
	3
	0

	
	At 6 mo
	62
	0
	0
	0

	Painful TMJ
	Initially
	22
	22
	18
	0

	
	At 3 mo
	59
	0
	3
	0

	
	At 6 mo
	62
	0
	0
	0


Numeric values of 0-3, as follows: No, never (0); Rarely (1); Often (2); Very often or continuously (3).
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