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	Ramfjord and Ash
	1995, W. B. Sanders, 01
	Occlusion – 4th Ed, p iii
	Preface
	Diverging lines of thought are pointed out and readers are invited to think rather than to disagree either on the basis of prevailing winds of changing ideologies or vested research interests.
	The concept of occlusion presented in this book strongly supports the idea that the teeth, which are actively involved in function and parafunction, are integral parts of the masticatory system and susceptible to primary and secondary interactive influences.
	Lately, a trend has developed that tends to obfuscate the role of occlusion in the disorders of the masticatory system.  Primarily, this notion stems from the publications of nonclinicians and researchers who do little if any clinical research, but concentrate on basic neurosciences.  Their thrust is that clinical phenomena that have not been confirmed experimentally are hearsay.


	Ramfjord and Ash
	1995, W. B. Sanders, 02 
	Occlusion – 4th Ed, p iv
	That the specific role of occlusion in the etiology and treatment of disorders of the masticatory system has not been established “scientifically” does not by any means allow the conclusion that occlusion has nothing to do with such disorders.
	Un fortunately, a good experimental animal for studies of occlusion is not available and retrospective studies without meaningful measurement systems and with numerous variables, encourage a wide range of circumspect interpretations.
	Of much greater interest are a few prospective clinical studies with altered occlusion as the only variables.  These studies have documented that even minor changes in occlusion may induce disorders in the masticatory system that may vary from individual to individual and that psychic factors influence such disturbances as well.
	The success rate depends on the ability to stay within the tolerance level of the patient in therapy based on the understanding, compassion and skill level of the clinician.  There is, however, preponderating clinical agreement that masticatory system disorders may be alleviated to a various extent by occlusal therapy.
As all clinicians know, casts and articulators do not a diagnosis make; they are a clinical convenience and nothing more. (emphasis mine – rgp)

	Ramfjord and Ash
	1995, W. B. Sanders, 03 
	Occlusion – 4th Ed, p 1
	Ch 1, Anatomy, physiology and Pathophysiology of Occlusion
	As broadly defined the subject f occlusion is not limited to the occlusal contact relationships of the teeth; it also encompasses neuromuscular and psycho-physiologic areas that may reflect disturbances that occur as the result of, or are the cause of occlusal dysfunction
	The masticatory system is a functional unit composed of the teeth; their supporting structures; the jaws; the TMJ’s; the muscles involves directly or indirectly in mastication (including the muscles of the lips and tongue [neck-rgp]); and the vascular and nervous systems supplying the tissues.
Other muscles of the head and neck are also necessary for parafunctions such as swallowing, respiration and speech (parafunction may also refer to clenching and bruxism)
	Functional and structural disturbances in any one of the components of the masticatory system may be reflected by functional or structural disorders in one or more of its other components; (emphasis mine – rgp) e.g., pain in the TMJ may cause a restriction if mandibular movement.

	Ramfjord and Ash
	1995, W. B. Sanders, 04 
	Occlusion – 4th Ed, p 2-3
	The human TMJ is a complex ginglymoarthroidal (hinge and glide) articulation with limited capability of diarthrosis (free movement).
	The condyle is perpendicular to the ascending ramus of the mandible and is oriented with a long axis 10 – 30 degrees distal to the frontal plane.
	Therefore, Simple (x-ray) techniques with standardized angulation provide a meaningless basis for comparison of joint spaces and distances. 
	Both the condyle and the articular surface of the temporal bone are covered with a dense fibrous connective tissue, with irregular cartilage-like cells.  The number of cells increases with age and stress on the joint.

	Ramfjord and Ash
	1995, W. B. Sanders, 05
	Occlusion – 4th Ed, p 7, 9, 10
	Thus for anatomical reasons, the condyle cannot normally be move to any appreciable extent up and back; though it may be moved down and back.

To what extent the adult TMJ undergoes morphologic changes subsequent to changes in occlusal relations of the teeth is a highly controversial subject.
	All living bones undergo physiologic remodeling in their internal structures with changes in functional demands and aging and there is no question that such remodeling also takes place in the mandible and temporal bone.
The controversy related to the articulating joint surfaces concerns the possibility of physiologic adaptive remodeling in response to changes in occlusion
	Deductive studies based on autopsy results never establish cause and effect relationships.  These studies produce only speculative, hypothetic associations in favor of functional remodeling of the TMJ, and they have been made to sound very convincing.
No morphologic adaptive changes were found in the bony joint surfaces of adult monkeys in response to gross changes in occlusion.  However, several investigators have reported that some changes have occurred in very young animals in response to similar changes of occlusion.
	A number of other experimental studies have subjected the TMJ’s of adult rhesus monkeys to various gross alterations in occlusal relations….However, occlusal forces brought about rebuilding of bone in the neck of the condyle.  (After reviewing the studies mentioned, the time frames ere short, 4 months, and boney adaptation or accommodation could not have occurred in that time frame.  Examination of multiple dry specimen with digital scans show a decided propensity to adapt toward less steep guidance as the teeth wear.  This takes years. – rgp)

	Ramfjord and Ash
	1995, W. B. Sanders, 06
	Occlusion – 4th Ed, p 10, 11
	It has been found that the condylar path becomes slightly les steep with age in a large number of patients with functional disturbances of occlusion.
	There appears to be no correlation between the type of occlusion and the shape of the TMJ’s.  In general, it appears that changes in TMJ morphology may be a result of pathologic rather than physiologic processes.
	In all studies of occlusal disharmony and TMJ morphology, there has been striking evidence of periodontal trauma and subsequent movement of teeth. Accommodating to the disharmonies accomplished through tooth movement, which changes the occlusion, rather than causing adaptive changes in the joints.  (What about wear f the occluding surfaces? – rgp)

The clinical significance of these research findings to the practice of dentistry should be adaptation of th occlusion to the TMJ’s rather than adaptation of the TMJ’s to the occlusion. (OBI)
	)  It also points to the TMJ as the natural landmarks fro diagnosis and alignment of the occlusion.  (Does not indicate that a restrained CR-CRO occlusion is correct or that CRO=CO(MIP) occlusion is desirable. – rgp)
The basic movements described earlier; however, include only a part of the complex functional and nonfunctional movements of th mandible.  It should be recognized that the various types of positions and movements are influence by condylar guidance, tooth contacts, ligaments(?), and muscles involved in complex neuromuscular mechanisms

	Ramfjord and Ash
	1995, W. B. Sanders, 07 
	Occlusion – 4th Ed, p 23
	Chewing – 
The action of masticatory muscles during chewing, as reflected in jaw-tracking devices and EMG, varies between subjects in ampli​tude, onset timing, and duration of the chewing cycle; however, there is a similarity between muscle actions that can be recognized. Such variation is in part related to occlusal contact relations and musculoskeletal morphology.

	Starting from the static intercuspal position, where jaw movement pauses for 194 ms in the chewing cycle, muscle activity begins in the ipsilateral inferior head of the lateral pterygoid muscle approximately halfway through the period of tooth contact. This activity is followed closely by the action of the contralateral inferior lateral pterygoid muscles. Both superior and inferior parts of these muscles are active during the opening phase. Early in the opening phase, the digastric muscles become active and remain so until the maximum opening position is reached. During the opening phase, the masseter, temporalis, medial pterygoid, and superior head of the lateral pterygoid muscles are inactive
	At the initiation of jaw closing the inferior heads of the lateral pterygoid muscles cease their functioning and activity is initiated in the contralateral medial pterygoid muscle. Activity in this muscle may be moderate or nonexistent during the closing phase. The contralateral medial pterygoid muscle controls the upward and lateral positions of the mandible, is more active in wider strokes during early closing, and ceases activity during the intercuspal phase. The ipsilateral and contralateral medial pterygoid muscles are active at the onset of intercuspation when the chewing stroke is narrow, i.e., has a minimal lateral component.


	Activity increases in the anterior and posterior temporalis muscles, in the deep and superficial masseter muscles, and in the ipsilateral medial pterygoid muscle up to the peak 20 to 30 ms before the onset of the intercuspal position when activity declines to the middle of the intercuspal period. The contralateral medial pterygoid declines in activity at the onset of intercuspation. There appears to be reciprocal action between the inferior head of the lateral pterygoid muscle and the medial pterygoid muscle in some subjects.



	Ramfjord and Ash
	1995, W. B. Sanders, 08
	Occlusion – 4th Ed, p 23
	Clenching - 

During maximal intercuspal clenching, where forces are directed vertically, posteriorly, anteriorly, or to the right or left, the elevator muscles activate differently. In vertical efforts (clenching in centric occlusion), most of the elevator muscles are acti​vated maximally; however, in some subjects the medial pterygoid muscle activity is low. The variation between subjects appears to be related to occlusal contacts and musculoskeletal morphology. 
The inferior head of the lateral pterygoid produces little activity or only 25 per cent of maximum activity compared to the superior head.
	Muscle activity decreases with lessening numbers of posterior teeth and drops dra​matically when only the incisors are in contact. The digastric muscle is only slightly active during vertical effort with intercuspal clenching, but it is more active during vertical incisive clenching. 

When clenching in the intercuspal position is directed anteriorly, the activity of the anterior temporal muscles is reduced to a low level and activity ceases in the posterior muscles.  The deep masseter muscle decreases activity and the superficial masseter muscles maintain maximum activity as do the medial pterygoid muscles and the inferior heads of the lateral pterygoid muscles.


	In maximum effort with the mandible in an eccentric position so that the canines are edge-to-edge (no posterior contacts), the ipsilateral temporal muscle is less active than in the maximal intercuspal clench and the contralateral temporal muscle is silent. The ipsilateral masseter muscle is more active than the contralateral masseter muscle; and the medial pterygoid muscle, as well as the inferior head of the lateral pterygoid muscles, are maximally contracting.  However, the activity of the ipsilateral medial pterygoid muscle is lower than its contralateral counterpart, and the inferior head of the lateral pterygoid is silent. The EMG activity of the ipsilateral pterygoid muscle is dependent upon the anterior placement of the mandible.  An increase in anterior placement results in an increase in the activity of the ipsilateral medial pterygoid muscle.


	During clenching on anterior teeth (vertical, incisive, clenching) the activity of the anterior and posterior temporal muscles ceases; however, both the medial pterygoid muscle and the inferior head of the lateral pterygoid muscle are maximally active. The superior head of the lateral pterygoid may be active or silent. The deep and superficial masseter muscles are active, but less so than with intercuspal vertical clenching.”



	Ramfjord and Ash
	1995, W. B. Sanders, 09
	Occlusion – 4th Ed, p 29
	Clinical Determined Rest Position and Resting Range - 

Accept for minor changes with age, malocclusion and loss of teeth, the relative  stability of the clinically determined rest position is generally accepted  Although most definitions of rest position, as the relate to vertical dimensions, imply a balance in the tonicity of the elevator and depressor muscles, the rest position is not always indicative of muscle harmony.  It has been found that the interocclusal distance averaged 1.7 mm in the clinically determined rest position, whereas the avenge distance was 3.29 mm with an additional resting range of 11 mm when determined electro-myographically on the basis of minimal muscle activity. 


	Thus, at least for the temporal, masseter, and digastric muscles, there is a resting range rather than a definite mandibular rest position of minimal muscle activity. The observation that the clinically determined rest position often does not coincide with the range of minimal muscle activity suggests that the neuromuscular mechanisms underlying clinical rest position are more complex than was formerly thought.
	Electromyographic Rest Position -

The EMG rest position occurs with relative coincidence of vertical dimension of clinically determined rest position, and minimal muscle activity as determined electromyographically. It has been shown electromyographically that in order to obtain balanced resting muscle activity in persons with occlusal interferences, it is often necessary to open the jaw beyond the clinical rest position. Also, it has been observed clinically that occlusal interferences have an increasing tendency to trigger abnormal muscle activity if the interocclusal space is decreased. An increase in interocclusal space seems to increase the muscle tolerance to occlusal interferences and, in extreme cases, to alter the clinical rest position without a change in resting muscle activity.


	Interocclusal Space in Clinical Rest Position -

An important aspect of clinical rest position of the mandible is the interocclusal or ‘freeway” space that is usually present between the occlusal surfaces of the maxillary and mandibular teeth when antigravity tonus is maintained. The width this space varies somewhat with the type of occlusion, and also with hypotonicity or hvpertonicitv of the mastication muscles. In the anterior part of the mouth it is commonly found to be 1 to 3 mm: however, it may be much wider (8—10 mm or more) without any indication of a disturbance of the function and health of the masticatory system, and therefore may qualify, as biologically normal. Both rest position and interocclusal space can be changed by raising or lowering310 the occlusal vertical dimension.



	Ramfjord and Ash
	1995, W. B. Sanders, 10 
	Occlusion – 4th Ed, p 29
	A strong warning should be made against the application of avenge values (for example. 2 mm of interocclusal space) to individuals. A deviation from this avenge may not validly indicate alteration of an occlusion. “Loss of vertical dimension,” based on a wider than average interocclusal space, is often used as an unverified and faulty premise justifying dental procedures that result in harm to the patient. 


	PAIN: NEUROPHYSIOLOGY AND CLINICAL CORRELATIONS

Pain is an unpleasant sensory and emotional experience. It not only has a sensory discriminative dimension, which provides some information relative to the location, quality, intensity, and duration of the noxious stimulation; but it also has an affective, motivating, and cognitive dimension. 


	This dimension relates to past and ongoing sensory experiences including stress, anxiety, and feelings about pain that can modulate the pain experience. Thus, pain is a multidimensional experience that can be modulated by cognitive, emotional, and motivational influences.
	Peripheral Nociceptive Mechanisms -

Noxious stimuli excite certain types of receptors that are present in the orofacial tissues. Information from these sense organs is carried by afferent nerve fibers that are found in superficial and deep tissues of the craniofacial structures including the TMJ’s and teeth.



	Ramfjord and Ash
	1995, W. B. Sanders, 11 
	Occlusion – 4th Ed, p 30, 32
	Nociceptors and Afferents

There are three principal classes of nerve fibers that provide the necessary input to the brain for pain perception.” These afferent fibers terminate in endings (nociceptors) in the peripheral tissues. The cutaneous (facial) nociceptive afferent fibers (primary neurons) include: (I) A-delta afferent fibers activated only by intense mechanical stimuli; (2) A-delta nociceptive afferents that respond to intense heat and mechanical stimuli: and (3) C polymodal afferents that respond to intense mechanical, thermal, and chemical stimuli.  Free nerve endings are present in nearly all the orofacial tissues and are associated with the small-diameter. myelinated (A-delta) and unmyelinated (C) fiber afferents.


	Some primary afferents (e.g.. neurons with cell bodies in the gasserian ganglion) respond very well to certain kinds of sensory stimulation but poorly to others. Within a population of these afferents which are defined by conduction velocity (indirectly by size), are a variety of individual afferents that respond to various specific natural stimuli. Some unmyelinated C fiber primary afferents associated with free nerve endings respond to touch; others to noxious stimuli, warmth and other stimuli. Thus, even when innervation is related only to unmyelinated primary afferents such as in the cornea of the eye, there is a sufficient variety of specific afferents to mediate all sensations generally perceived.


	TMJ

Afferents supplying the TMJ and craniofacial muscles include Group III and IV fibers, as well as faster-conducting afferents. Group Ill fibers include A-delta fibers and Group IV include C fibers. Although there are many free nerve endings in the TMJ, there are apparently only a few of the more specialized receptors. The central zone of the meniscus and other articular surfaces are not inner-capsule is the most innervated part of the TMJ. Information is carried from the TMJ primarily by the auriculotemporal branch of the mandibular nerve, but the masseter and temporal nerves may also carry these fibers although their contribution is much less. Largely because free nerve endings and Group Ill and IV fibers are associated with nociception in other areas of the body, it seems reasonable that TMJ afferents would have the same physiologic properties.


	Modulation of Nociception

Modulation of nociception may be discussed on the basis of peripheral and central mechanisms. Alteration of the activity of trigeminal brain stem neurons can occur, for example, through inflammation or by deafferentation, Modulation of pain transmission may also occur through descending influences from higher brain centers that involve endogenous pain-suppressive neurochemical mechanisms and the presence of nociceptive neurons in the brain stem. The gate control theory of pain perception proposed that large fiber afferents (carrying tactile information) activate cells in the substantia gelatinosa which interact with the input of small fibers (carrying nociceptive informa​tion) to inhibit (presynaptic) transmission IT) neurons. 



	Ramfjord and Ash
	1995, W. B. Sanders, 12 
	Occlusion – 4th Ed, p 32, 33
	The theory provides for the “gating’ mechanism to be modulated by descending central controls. Periodic revisions have been necessary to bring the theory into line with the circuitry, and physiology has been re​quired to account for both the complexity of the processing involved and the influences of descending inhibition. Yet, stimulation of an adequate number of large fibers relative to small fibers can reduce pain perception.


	Peripheral Modulation

Peripheral modulation of nociception appears to involve three interactive systems:

(1) products of tissue damage, (2) the axon reflex, and (3) sympathetic-sensory influences.9~

	Substances released during tissue damage such as histamine, prostaglandins, and many other mediators of inflammation cause sensitization of nociceptive nerve endings and also probably change transduction mechanisms. The result is activation of nociceptors by innocuous stimuli causing ordinary sensory experiences (such as touch) to be perceived as painful (hyperalgesia) and moderately painful experiences to be greatly magnified.


	Another effect of inflammatory mediators is the stimulation of nociceptive endings to release neuropeptides. Neuropeptides are highly concentrated in the dental pulp.298 When a peripheral nociceptor is activated by painful stimulation, the stimulus-evoked impulse spreads centrally into other peripheral endings of the same nerve where substance P is released.



	Ramfjord and Ash
	1995, W. B. Sanders, 13 
	Occlusion – 4th Ed, p 33
	In the periphery, substance P and calcitonin gene-related peptide (CGRP), having been synthesized in the cell body of the afferent nerve fiber act with other mediators to stimulate histamine release from mast cells thereby promoting vasodilation and plasma extravasation. The vasodilative effect of substance P suggests that migraine (headache pain) would be strongly influenced by the axon reflex phenomenon. 

	As described previously, sympathetic-sensory influences relate to the release of substances at sympathetic nerve terminals and to the sensitization of sensory nerve endings. These influences may involve inflammation and sympathetic hyperactivity in cluster headaches and the clinical aspects of arthritis. 


	Agents that block the synthesis of prostaglandins, or block the actions of histamine or substance P are important for their anti-inflammatory activities. Aspirin-like drugs (acetylsalicylic acid, Naproxen, Ibuprofen) possess these types of activities. Aspirin-like drugs and nonsteroidal anti-inflammatory drugs (NSAIDS) exert their influence by blocking the nociceptive input at receptors through blockade of prostaglandin synthesis.97
	Central Modulation

Neurons subserving the transmission of nociceptive impulses can be modulated by superior influences on trigeminal nociceptive neurons from higher brain centers, including those involved in cognition and in motivational and emotional behaviors. The recognition that mind-set can influence pain perception makes the existence of descending modulation from brain centers seem reasonable. These local circuits and neurochemicals appear to be influenced by both descending influences and peripheral sensory inputs.


	Ramfjord and Ash
	1995, W. B. Sanders, 14 
	Occlusion – 4th Ed, p 34-5
	Referred Pain

Muscles as well as other structures are sources of referred pain69”’2’’9’ and the patterns of referred pain from jaw and neck muscles have been experimentally mapped.”’


	Convergence of cutaneous, tooth pulp. viscera] (e.g., X. IX), neck, and muscle afferents onto nociceptive and non-nociceptive neurons in the trigeminal subnucleus caudalis is considered to underlie the referral of pain from one site (e.g., tooth pulp) to nearby sites such as the neck and larynx. The convergence theory of pain.”
	Such convergent afferent inputs may contribute to the spread of pain and are involved in deafferentation-induced changes of chronic pain.272
Pain may also be referred to the sites of prior surgical procedures, traumatic injury, or pathologic processes rather than to the usual point of reference.  Habital reference appears to be a learned phenomenon;
	Pain is referred from the teeth to the eyes, ears, and nasopharyngeal regions. In fact, the ear is a common site for referred pain from the lower molars. No exact guidelines exist for correlating specific teeth with their referral sites in the head and neck. Referral of pain should not be confused with the extension of pain from an area where it is most intense, i.e., pain extending diffusely to involve the whole side of the face. Pain may also radiate from a highly localized point of maximum intensity, such as a jaw muscle, to another localized area, such as an ear.



	Ramfjord and Ash
	1995, W. B. Sanders, 15
	Occlusion – 4th Ed, p 34-6
	The convergence of cutaneous, tooth pulp, visceral, joints, and neck and muscle afferents onto nociceptive and non-nociceptive neu​rons in the n. caudalis is likely to be a key to the mechanism of some types of referred pain.  On the basis of convergence, input from the pathologic site and from the area (e.g., skin, mucous membrane, and so on) to which the pain is referred, summate to produce pain. Thus, a masticatory muscle disorder can result in summation with pain referred to the teeth or gingiva.53

	Sympathetic System

Pain of trigeminal origin appears to be aggravated by sympathetic hyperactivity; the effect may be secondary to circulatory changes. The sympathetic nervous system also appears to exert an influence on motor activity as well. The mechanism may be directly on muscle or indirectly on motoneurons through control effects mediated by the limbic brain.


	The nerve pathways to the salivary glands are generally assumed to be by way of the auriculotemporal nerve (parotid) and by way of the adventitia of the blood vessels for the sympathetic nervous system. . However, many parotid, postganglionic, parasympathetic, secretory fibers may accompany the internal maxillary artery. There is an impression that the autonomic innervation of the TMJ capsule is provided through the auriculotemporal nerve and the plexus of the superficial temporal artery.


	Deafferentation

Deafferentation refers to a partial or total loss of a sensory nerve supply to a particular region of the body’ resulting in changes in brain stem neurons and leading to pain. The phenomenon is said to be possible following trauma to nerve tissue during extraction of a tooth. Verifying the link requires attention when making a diagnosis of chronic pain and a conservative approach to dental procedures relative to prevention of potential trauma to nerves.



	Ramfjord and Ash
	1995, W. B. Sanders, 16
	Occlusion – 4th Ed, p 36-7
	Muscle Tenderness

Localized muscle tenderness refers to an unpleasant pressure sensation or muscle pain that occurs when a pressure stimulus of innocuous intensity is applied to a muscle.  Such tenderness can occur as a consequence of unaccustomed exercise or mechanical injury. A hypothesis for the cause proposes that there is sensitization of muscle nociception as well as other mechanosensitive afferents. Factors that are known to have sensitizing action on muscle nociceptors include bradykinin, prostaglandin E2, 5-HIT, hypoxia, and others such as substance P (SP). 

	Muscle Contraction and Pain

During changes in muscle length, such as with mastication, the generated forces usually change and the contractions that occur may he concentric, excentric, or isometric. In isometric contractions, static work is produced with no change in the length of the muscle fibers; in concentric contractions, positive work is produced with shortening of muscle fiber and in excentric contractions, negative work is produced with lengthening of the muscle fibers. Concentric and excentric contractions are considered as dynamitic activity and isometric contractions as static activity or static work. Fatigue and pain associated with such contractions have been of interest for some


	In maintained isometric contractions, depending on the tension level, an onset of fatigue occurs in seconds or minutes. When an isometric contraction is maintained beyond the onset of fatigue, discomfort becomes more intense relevant to the isometric force level.

During prolonged submaximal isometric contraction of the masseter and temporalis muscles, there is a migration of activity from one muscle to the other. Muscles that are in an active state while lengthening perform excentric or negative work.’” A person jogging down a steep incline may be injured when the anterior thigh muscles are instantaneously tensed during lengthening.


	Prolonged negative work (10—30 min) is injurious and results in aseptic inflammation of the muscle tissues. It has been shown that 20 grinding excursions per minute involve negative work by the masseter muscle when the mandible moves away from centric occlusion (intercuspal position) and positive work on the return movement. Spontaneous pain sites include the temporal regions, joints, supraorbital regions, zygomatic arches, cheeks, molar and premolar teeth, as well as deep inside the ears and eyes.

On the basis of integrated and cumulative EMG of maximum voluntary tooth grinding, t it has been shown that negative as well as positive work efforts of group function exceeded those of canine function.  It has been suggested that the Michigan occlusal bite plane splint exerts its palliative effect through reduction of the number of motor units activated for grinding, mastication, and other functional activities.



	Ramfjord and Ash
	1995, W. B. Sanders, 17
	Occlusion – 4th Ed, p 37-9.
	Muscle splinting occurs as a protective reflex to limit movement of a painful joint. e.g., with jaw fracture and acute degenerative osteoarthritis. Muscle contracture refers to painful contraction of muscles such as McArdle’s syndrome where there is a deficiency of myophosphorylase. 

The precise nature and mechanisms of the pain from clenching hyperactive jaw muscles is not clear. Muscle pain and poor sleep commonly occur together. The pains induced by dynamic muscle activities have been attributed to direct lesions in the contractile and noncontractile parts of muscle tissue caused by discrepancies between active and passive tensions and negative work loads. To relieve muscular pains there should be a decrease in the level and duration of active and passive tension development and an increase in afferent muscle blood flow.


	Hyoid Bone (Pain) Syndrome

The hyoid bone syndrome” is of importance to the clinician because of dental and non-dental pain reference sites. The cause appears to be a focal degenerative injury of the middle pharyngeal constrictor muscle as a consequence of injury to the hyoid greater cornu.  Symptoms include pain radiating to the ear, throat, temple, TMJ, molar teeth, and zygomatic arch. A vertical axis of pain extends from the temple down through the TMJ to the clavicle and further inferiorly to the middle of the chest wall.


	Toothache — Earache Syndrome

In one report,1 it was found in human specimens that minor branches of the auricu​lotemporal nerve entered the posterior aspect of the joint capsule; that there was an anastomosis of the inferior alveolar, auriculotemporal and facial nerves: and that a branch of the auriculotemporal nerve entered the man​dibular canal along with the inferior alveolar nerve and artery. From anatom​ical and physiologic findings it was suggested that an answer could be provided for the often puzzling toothache—earache syndrome. 


	Tension-Type Headaches

Headaches may be symptoms of underlying disease or dysfunction. Until recently, tension headaches have been thought to be caused by tonically elevated activity of the head and neck muscles. This concept led to the use of biofeedback therapy to detect EMG evidence of hyperactivity and “learning” to relax the muscle(s) to control headache pain. 



	Ramfjord and Ash
	1995, W. B. Sanders, 18
	Occlusion – 4th Ed, p 39, 40
	Vascular Headaches

Sensory afferents from the trigeminal nerve supply the intracranial blood vessels (pial arteries) and the dural blood vessels. It is thought that activation of nociceptors innervating these vessels is responsible for migraine and cluster headaches.. This phenomenon results in vasodilatation of vessels and plasma extravasation. There is an increase in bradykinin along with a release of histamine from mast cells and a release of 5-hydroxy-tryptamine from platelets.


	Chronic Muscle Pain

Chronic pain is often related to the muscles, joints, tendons, and periarticular tissues. 

Deep pain from muscles spreads to other muscles that are close by, as well as to deeper tissues. This pain is associated with auto​nomic symptoms, and exhibits referral phenomena. Muscle pain is perceived to be diffuse and difficult to locate.

Several chronic muscle pain syndromes including fibrositis, tendonmyopathy, temporal tendonitis,  TMJ and muscle disorder, myofascial pain syndrome, and fibromyalgia, have been assumed to be clinical entities; however, the absence of specific diagnostic criteria has made differential diagnosis somewhat arbitrary


	Fibromyalgia

Fibromyalgia (FM) is considered to be a syndrome (not a disease) characterized by widespread musculoskeletal pain and tenderness, fatigue, and disturbances of sleep. As in some patients with temporomandibular disorders, maximum voluntary clenching (MVC) is reduced. Comparisons of symptoms for primary fibromyalgia, MPD syndrome, and TMD with joint pathology suggest that these diagnostic parameters are not specific for a particular disorder


	Myofascial Pain

The pain of an active rnyofascial pain syndrome (MPS) is found localized in one or more areas of a muscle and which when palpated is the trigger point for referral of pain to a specific site. These MPS trigger points are located within a taut band of muscle. However, trigger points and tender points are also present in fibromyalgia. Active trigger points are always tender but tender points are not always trigger points. 



	Ramfjord and Ash
	1995, W. B. Sanders, 19
	Occlusion – 4th Ed, p 40, 41
	Myofascial Pain Dysfunction

(MPD Syndrome)

The myofascial pain dysfunction syndrome (MPD) has been called a debatable diagnosis because the concept contends that muscle spasms occur in response to psychologic stress even though no true muscle spasms have been observed. The term myofascial was added to the description symptom-triad described at first as pain-dysfunction syndrome,262 but the term should not be confused with myofascial pain. The concept of MPD proposes that muscle pain and muscle hyperactivity constitute what has been termed a viscous cycle causality. Recently this causality model has been questioned.

	Adaptation to Pain

The adaptation to pain model proposes that chronic pain from joints, teeth, and other orofacial tissues can cause the same signs of dysfunction as muscle pain. There is evidence that inputs from the various sites do converge on the same groups of interneurons in the intertrigeminal area. Thus, the Group II interneurons proposed for the adaptation model include a mix of inputs that control V motoneurons. These also in​clude inputs in the rostral trigeminal nuclei, reticular nuclei, and small cutaneous, joint and muscle afferents. It has been called the “pain adaptation” model’ because the motor signs of MPD (e.g., decrease in maximal biting force, increase in activity in elevator muscles during jaw opening) appear to be reflex adaptations.


	The link between myofascial pain and muscle dysfunction’” of the MPD syndrome is proposed to be a useful reflex adaptation to reduce jaw motion, further injury, or pain arising from the joints and teeth.

Although damage to muscle fibers occurs and algesic substances are released by ischemia, feedback from muscle spindle and tendon organ afferents does not appear to be affected. Motor output of painful muscles ap​pears to be changed by Group III and IV afferents that are activated or sensitized by neurohumoral changes or tissue damage.


	One approach to support the model has been reported. The model does not provide any insight into what causes the pain, why it persists, nor if the avoidance behavior is a reflection of a higher substrate involved only in modulation. However, it has been concluded that chronic pain reduces muscle outputs acting as agonists and increases muscle outputs acting as antagonists. It has also been concluded that muscle hyperactivity is not a basis for a viscous-cycle-causality concept of MPD.



	Ramfjord and Ash
	1995, W. B. Sanders, 20
	Occlusion – 4th Ed, p 41
	Psychologic Aspects of Chronic Pain

The complexity of the various psychologic factors involved in the perception of pain and behavior has been discussed in a number of reports. There is often a confusing relationship between the intensity of the documentable physical changes, and the patients’ complaints and behavior.


	Illness behavior may be normal or abnormal, and assessment includes all aspects of biologic, psychologic, and social functioning, Dysfunctional chronic pain is a subset of illness behaviors inconsistent with medically documented findings, even though the complaints of pain are prominent..


	Changes occurring in emotional status include mood and behavioral changes associated with depression such as demoralization, helplessness, and social isolation
	A number of factors relate to the pain experience and behavior including anxiety, depression, attention, perceived control, tissue damage, past pain experience, culture, personality, past history with health professionals, and several others. The mechanisms by which these factors operate are complex and the assessment of the patient with abnormal illness behavior usually involves professionals capable of evaluating the physical and psychologic aspects of behavior. 
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	Clinical Occlusion, Chapter 2
Although the development of occlusion is often over​looked, some of the more important aspects of occlusal disorders had their beginning during the long period of time when the primary and permanent dentitions were being developed. Therefore, some of these areas will be considered in this chapter.

Of particular importance to an understanding of clinical occlusion is the kinesiology of occlusion where function (rather than static relationships), is stressed. 


	In this respect, descriptions and illustrations of mandibular po​sitions and movements must be related to guidance by the teeth and joints, and to neuromuscular mechanisms underlying such functions as mastication and swallowing.

The response of the periodontal tissues to occlusal forces, including adaptation, is also important for an understanding of clinical practice. Concepts of normal versus idea! oc​clusion provide the clinician with practical goals for occlusal therapy.
	DEVELOPMENT OF OCCLUSION

The emergence (eruption) of the primary dentition (Fig. 2—I) into the oral cavity is an important time for the development of oral motor behavior and the acquisition of rnasticatory skills.” 

Maturation of oral function beyond obligate nasal breathing in newborn infants re​quires suckling and swallowing. As more solid foods are taken in. the young child frequently opens laterally toward contact on the working side and then back toward contact on the midline so that the teeth make contact as the food is chewed. However, in the young adult without TMJ and muscle dysfunction there is a tendency to open the mandible symmetrically.


	By the advent of the primary molars, the juvenile pattern of chewing has been established. With the development of more complex movements of the tongue, pharyngeal wall, and mandible (development which is consistent with an anteroposterior maturation of oral motor behavior), there is a transition away from the infantile swallow. By 6 years of age about one half of the children have achieved an adult swallow.  The transition to the adult type of chewing ap​pears to develop in conjunction with the emergence of the canines into occlusion at about the age of 12. 
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	At the completion of the emergence of the primary teeth, occlusal contact relations occur.  It is not unusual to note extensive wear of the anterior primary teeth and the incisors in an edge-to-edge relationship. The significance of such wear in terms of later neurobehavioral patterns of bruxism has not been clarified.


	The growth of the jaw provides space for the teeth to erupt and emerge into the mouth. Forward rotation of the maxillo-mandibular complex, which is the more usual pattern, influences the magnitude of tooth eruption, as well as the ultimate anteroposterior position of the incisors. 

	Primary molar relationships have been described as the flush terminal plane, mesial step, and distal step. The flush terminal plane is considered to be normal for the primary dentition. The transition from the flush terminal plane to the permanent dentition often results in an Angle Class I (normal) molar relationship). 

	The mesial step relationship may also lead to a normal permanent molar relationship; however, where there is a distal step relationship, the transition to the permanent dentition often results in an Angle Class II molar relationship.

	Ramfjord and Ash
	1995, W. B. Sanders, 23
	Occlusion – 4th Ed, p 55, 57
	Significance of Occlusal Development

It is of particular importance to point out that functional disturbances of the masticatory system may have had their beginning during the development of occlusion; including perhaps tongue and swallowing habits, chewing patterns, tooth clenching and bruxism, absence of occlusal continuity and occlusal interferences to function and occlusal stability. As a result of an appropriate development of occlusion, a stable occlusion consistent with the adaptive capacity of the masticatory system should develop, and the possibility for problems of occlusal dysfunction should be minimized.


	Malocclusion in the sense of an orthodontic classification such as the Angle Classification is not generally considered to be a cause of clinically recognized temporomandibular and muscle disorders. However, malocclusion is a disturbance of occlusion and may be related to dysfunction via tongue posture (activity) and skeletal anterior open bite. 


	Changes in Occlusion

After the occlusion has developed initially into good alignment, there is a tendency for crowding of the mandibular incisor teeth during the late teens and early-to-late twenties. Several explanations have been given for such changes. Some evidence for why this occurs has been related to the growth pattern of the jaw, e.g., when late mandibular growth occurs


	Several reasons have been given to account for an accommodation that must be made if the mandible does grow forward. They include: distal displacement of the mandible with possible disturbances of the temporomandibular joints, disks, and associated muscles: the maxillary incisors moving labially (flaring) and leaving spaces between the anterior teeth; or the mandibular incisors becoming lingually displaced and crowded. Probably flaring of the maxillary incisors occurs the least, perhaps because of lip pressure. The most probable response to late mandibular growth is distal displacement of the mandible and crowding of the mandibular incisors4°6’
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	Distal displacement of the mandible as a result of an anterior interference in the intercuspal position is more likely to result in temporomandibular joint and muscle disorders in the adult where plasticity for change is less in the joints than in the occlusion. Although the possibility of TMJ and muscle disorders associated with ‘entrapment” due to distal displacement is controversial. 

We have encountered symptoms of TMD in adults at times in relation to orthodontic retraction of incisors as well as to encroachment on centric by anterior restorative treatment
	. Relief of symptoms may occur almost immediately with easement of the displacement. It is also true that some small amount of growth does occur into middle age, i.e., the size and shape of the craniofacial complex changes as does the pattern of growth that occurs in the maturation period of the dentition, but to a lesser extent. Rotation of both jaws occurs along with vertical change in the facial dimension
	NORMAL OCCLUSION

A normal occlusion, or what is referred to orthodontically as an Angle Class I occlusion; the key teeth for the classification are the permanent first molars. The mesiobuccal cusp of the maxillary first molar should occlude in the mesiobuccal groove of the mandibular first permanent molar

However, even with this molar relationship, when the teeth are in full closure there may be a significant discrepancy between the relationships of the mandible or temporomandibular joints and the maxilla.


	Orthodontic textbooks6’ often refer to normal occlusion as an “imaginary ideal occlusion” which rarely exists in our civilization. The concept of normal occlusion provides an ideal for treatment, though the optimum of 138 occlusal contacts in the closure of 32 teeth is very seldom, if ever, reached.” In this hook, the concept of ideal occlusion is based more on a neuromuscular than a morphologic evaluation of the position of molars. 
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	FUNCTIONAL OCCLUSAL ANATOMY

Cusp Angles, Guiding Cusps, Guiding Inclines, and Condylar Guidance

In mandibular movements, tooth guidance influences muscle activity, e.g., the approach and departure angle of a cusp or point on a mandibular incisor. Functional movements require coordination of joints and muscles for appropriate sequential timing of the events via neuromuscular control mechanism s.


	Imaginary Occlusal Planes and Curves

A plane of occlusion is an imaginary plane containing the incisal edges of the mandibular central incisors and the tips of the distobuccal cusps of the second mandibular molars 

The curve of Spee is determined by the occlusal surfaces of the teeth, following the cusp tips of the anterior mandibular teeth to the buccal cusp tips of the posterior mandibular teeth. It is called the compensating curve for dentures.


	The cusp tips of molars in a section through the frontal plane outline the curve of Wilson. This curve changes from the first to the third molars and with wear of the dentition. The curve of Wilson in the mandibular first molars is concave for the mandibular teeth in an unworn dentition, but becomes convex in a worn dentition.

Extending the curve of Spee and the curve of Wilson to all cusps and incisal edges reveals the curve of Monson.

These imaginary occlusal planes are not often used as references in modem dentistry, because such anatomic landmarks have only a very remote association with functional relations. (Emphasis mine – rgp)


	Occlusion of the Anterior Teeth

In the intercuspal position, which is reached with maximal jaw closure, the anterior teeth should make either very light or no actual contact. 

As a result of attrition, both overjet and overbite tend to decrease with age.

It has been suggested that the overbite in normal occlusion should not exceed one third of the length of the mandibular incisor. However, such “rules” are meaningless as standards for evaluation of occlusion. There are esthetic and functional considerations for overbite and related incisal guidance that have to be acknowledged in restorative treatment and orthodontics.
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	Occlusion of the Supporting Cusps

In complete occlusal closure (centric occlusion or intercuspal position), the distobuccal cusps of the mandibular molar teeth are normally seated in the central fossae of the maxillary molars, and the lingual cusps of the maxillary molar teeth are normally seated in the central fossae of the mandibular molars. These cusps are called supporting cusps.

I


	In complete closure of a normal, young, unworn dentition, the contacts are not usually at the very tip of the supporting cusps, nor are they at the deepest part. The actual contact points are called centric stops, or holding contacts, because they serve to hold the teeth in a stable position. The supporting cusps contact the opposing inclines leading to the fossae, ideally with a buccal and lingual contact for each cusp.


	Furthermore, the supporting cusps have at least one mesial or distal contact with opposing marginal, triangular, transverse, or oblique ridges. Thus, a supporting cusp in closure is normally held in a precise firm position by at least three contacts (tripodization or tripodism).


	These contact relations change with wear of the dentition. With advancing attrition, the supporting cusps seat closer and closer to the bottoms of the opposing fossae and the tripodization becomes less and less definite. This process continues until there are numerous flat surface contacts, and the cusps are seating in the bottoms of the opposing fossae, without definite locking of jaw position.
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	Hanau’s and Thielemann’s Formulae

However, there does not seem to be any correlation in the natural dentition between condylar and incisal guidance. Thus, these principles of occlusal correlations are not useful for the natural dentition and also may be considered to be of questionable significance for complete denture occlusion.


	KINESIOLOGY OF OCCLUSION

Kinesiology describes the movements of body parts on the basis of anatomy, physiology, and mechanics. The kinesiology of the functional relationship between mandible and maxilla is extremely complex, since it commonly involves a combination of movements in the sagittal, frontal, and horizontal planes.


	Since some of the early works on mandibular kinesiology, many attempts have been made to explain jaw movements in simple terms. However, the complexity of the mechanical and neuromuscular principles involved in the various jaw movements defies all attempts at simple descriptions or explanations.

Mandibular movements have been studied with the help of a number of techniques, such as clinical and anatomic observations, engraving and graphic methods, tracing de​vices (mechanical, magnetic, and electronic), check bite registration, recording of facet patterns on the teeth, and roentgenographic and other photographic methods. 


	In recent times, electromyography and jaw-tracking devices have been used in the study of mandibular movements. All of these studies have been concerned with the movement patterns of the entire mandible, including the teeth and the temporomandibular joints.

In order to simplify the description, mandibular kinesiology will be discussed relative

to the sagittal plane, then relative to the horizontal and frontal planes.
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	Border Movements and Positions of the Mandible Recorded in the Sagittal Plane

When the various parts of the mandible move perpendicular to the median or sagittal plane, they form a characteristic pattern. For example, the incisive point between the mesial edges of the two mandibular central incisors and similarly, the condyles and the other parts of the mandible, form such patterns. 


	Inasmuch as it has been shown that all mandibular movements take place within the framework of reproducible border movements, it appears logical to start the descrip​tion of mandibular movements with the border movements. The mandibular border movements recorded in the sagittal plane are shown in Figure 2—24. (Beyron’s or Posselt’s envelope of motion in which there is a definite vertically closing slide from CR to CO – rgp)
	Centric Relation—Centric Occlusion and Freedom in Centric

Centric relation is the key reference position for analysis and reconstruction of the rnasticatory system. It is located by the dentist guiding both the patient’s condyles and disks against the posterior slope of the articulate tubercle for 1/2 to I in. of terminal closure, until the condyles are seated in an acceptable position as allowed by the disks. 


	The position is determined by the disks, not by the patient’s ligaments or muscles. It is very seldom (less than 10 per cent) that the jaw position reached by full closure guided by the teeth (CO) is the same as that of the position reached in centric relation (CR), i.e., CO equals CR is less than 10 per cent.
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	How to Locate Centric Relation

The number of patients requiring a biteplane depends to a great extent on the ability of the operator to relax the patient, whether the patient is a bruxer, and how well the operator can manipulate the patient’s mandible.


	The ultimate centric relation position in normal TMJ’s is determined by the condyles against the disks and in their uppermost position.(Fig. 2—32B). 
Don’t try to locate centric relation by forceful manipulation of the mandible in a patient with tense muscles, and don’t try to locate CR in the presence of a painful joint.


	Significance of Centric Relation

The significance of centric relation is that it provides a reference for evaluation and reconstruction of occlusion. It is not the optimal functional endpoint of occlusal closure with maximal occlusal contact (centric occlusion). The normal difference between centric relation and centric occlusion in dentitions with optimal function was well described almost 35 years ago.’2’ However, those findings contradicted the dogmas of the time, and numerous attempts have been made to support the old concept that centric relation and centric occlusion ideally should coincide.. However, it has never been proved that the patient’s optimal occlusal function will be performed in centric relation if the patient is given the opportunity of biting together comfortably slightly in front of centric relation.


	All scientifically controlled tests with telemetry, electromyography, and clinical measurements have conclusively shown that if occlusal guidance to centric relation or centric occlusion is eliminated, the patient will naturally function, and be able to exert the heaviest force about 0.5 mm anteriorly to centric relation. Following elimination of all occlusal guidance on a flat biteplane, and testing when the patient could bite the hardest, this choice position invariably was about 0.5 mm in front of centric relation.
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	Over the years we have successfully treated uncomfortable patients who have had oral rehabilitation to point centric by grinding away their anterior restriction. With freedom to function forward of point centric their symptoms abated. It has also been found that if you grind away occlusal guidance to establish a flat area between centric relation and centric occlusion, the patients still chew close to the previous centric occlusion. 
	Patients who have been reconstructed to have centric relation and centric occlusion coincide (according to old gnathological concepts), over the years tend to establish a distance between centric relation and centric occlusion. This proves that such reconstruction is neither stable nor physiologic. 
	That some patients with reconstructed occlusal guidance to centric relation may be or become comfortable does not by any means prove that centric relation and centric occlusion should coincide for all patients. The patients may also have been comfortable with other occlusal concepts.
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	Freedom in Centric or Long Centric

It has been observed clinically and confirmed electromyographically that when the occlusion is adjusted in such a way that (when tested in centric relation) occlusal contacts are stable on a horizontal plane between centric relation and centric occlusion, the resultant occlusion is well tolerated by the neuro-mandibular system. 
	The term long centric has been used primarily for cases of full mouth reconstruction where lateral compo​nents of a slide could be eliminated in the restorations. In long centric, the patient is given the opportunity to move on a horizon​tal plane from centric relation to centric oc​clusion without any restrictions or changes in vertical dimension. 
	In partial restorative procedures and with an occlusal adjustment, there may be a lateral component to the slide in centric requiring a broad as well as long centric. Therefore, the term freedom in cen​tric is used and includes long centric. Correction of lateral slides to a flat area of impact on the vertical level of the centric occlusion may be done by occlusal adjustment when indicated.

It should be noted that the optimal occlu​sal force impact is at most 0.5 mm in front of centric relation, or as little as 0.2 to 0.3 mm but if the freedom in centric is extended beyond that level, no adverse effect is observed. 

	No method is available to locate the optimal point centric occlusion, and there does not seem to be any need for such definite position since both function and stability are well served by the freedom in centric con​cept. It should also be noted that patients in closure seldom hit centric occlusion; the jaw is guided to this maximum contact position on inclusive contact close to centric occlusion (I mm or less), but the power impact occurs when centric occlusion is reached. The initial contact in closure depends in part on head posture during the closing movements.
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	Significance of Retrusion Facets

Retrusion facets distal to centric occlusion must be the result of frequent functional contacts. They have not received much attention for about 40 years’ and it has been implied that they developed as a sign of occlusal dysfunction. 


	However, numerous patients have retrusion facets corresponding both to a slide in centric and to lateral retrusive contact patterns without any evidence of occlusal dysfunction. It has been observed that retrusion facets may guide the final masticatory strokes into centric occlusion.
	However, no controlled study has been reported where an accurate adjustment has been made on the retrusion facets eliminating all possible interferences. Such an adjustment would be technically difficult, but it appears from clinical experience that good results have been gained, in spite of some residual slide in centric, as long as all contact relationships were even bilaterally and unrestricted into centric occlusion. 


	It is also important that no interferences are left in the path between centric relation and centric occlusion. Centric relation is an abnormal position for mastication and is seldom contacted even after freedom in centric has been established. It has never been proven that patients will masticate into centric relation unless a definite occlusal guidance has been established artificially to point centric.
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	Anterior Teeth and Concepts of Centric

In optimal natural occlusion, the anterior teeth may not quite make contact in centric occlusion or their contact is lighter than for the posterior teeth. The anterior teeth are kept in a stable position by functional contacts and by lip and tongue pressure. The anterior teeth in normal occlusion do not touch in centric relation. Even after occlusal adjustment to freedom in centric, there should be no contact between the maxillary and the mandibular anterior teeth in unguided closure. (Emphasis mine – rgp)

	As has been emphasized it is essential for comfort and stability of occlusion that freedom in centric be provided to the extent needed by the individual patient—an average of 0.2 to 0.5 mm. Point centric in centric relation is not a defensible concept according to scientific evidence. It is about time to abandon this old dogma.

Also, be sure to allow freedom in centric including flat area about 0.5 mm both in front of centric relation and laterally before incisal and cuspid guidance is instituted.


	SIGNIFICANCE OF CENTRIC

The word centric was originally used to indicate what was believed to be a stationary rotation center, or axis, of mandibular movements in mastication. No such center for all jaw movements has been established. However, the word centric, with various modifying terms, is used to designate an optimum functional relationship or contact position between the mandible and the maxilla. As such, it has become one of the most controversial words in dental terminology.


	The controversy is, in part, semantic, but more significant is the serious difference in concepts. It is questionable whether there will ever be one word that can convey all the meanings attached to this word. An attempt will be made to summarize, without extensive documentation or discussion, the current status of centric.
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	Summary of Centric

 Centric relation is the key reference position for all occlusal contact evaluation.

 Centric relation is not an optimal end point of masticatory function.

 The optimal occlusal closure and power position of the mandible is normally in front of centric relation 0.2 to 0.5 mm (centric occlusion).

 Empirically and experimentally it has been established that unrestricted mandibular free​dom in centric gives an optimal treatment of occlusion.

 With freedom in centric, the main function will be close to centric occlusion, not to centric relation.


	 The teeth commonly make contact in centric occlusion during both chewing and swallowing.

Centric relation is a functional border position reached chiefly during swallowing, and occasionally during chewing.

Centric relation and centric occlusion do not coincide in the average healthy human dentition.

A stationary hinge axis recording or a gothic-arch tracing with a definite arrow point does not prove normal centric relation. A stationary hinge axis may change position following elimination of muscle dysfunction. A lateral slide from centric relation to centric occlusion is apt to create much more


	A lateral slide from CR to CO is apt to create more neuromuscular disharmony than a straight forward slide.

A small, flat area between centric relation and centric occlusion, long centric or freedom in centric, is compatible with occlusal, temporomandibular joint, and muscle harmony.

Oral rehabilitation properly carried out according to gnathological principles, and in such a way that centric relation and centric occlusion coincide, may be well tolerated. Neuromuscular adaptation, however, is required, and there is a tendency for a slide to reoccur as the teeth move or the joints undergo changes. Thus, there are no demonstrated advantages over the more easily constructed long centric.


	There is no valid reason to institute therapy just because a patient has a slide in centric if there axe no signs or symptoms to indicate any harmful effect from such a slide and the masticatory system is otherwise nor​mal.

For persons with bruxism and functional temporornandibular joint disturbances, the safest therapy is to produce freedom in centric by eliminating the slide in centric completely and replacing it with a horizontal long centric or, depending on the direction of the original slide, a wide centric.

Of extreme clinical significance for centric as well as for other occlusal problems is a patient’s adaptive capacity or tolerance of occlusal imperfections.

Centric relation is the only reference posi​tion that assures simultaneous harmonious alignment of both temporomandibular joints.

Both gnathological point centric” on the stationary hinge path, and freedom in centric, are treatment concepts; they are not usually seen in normal human occlusion.
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	MANDIBULAR MOVEMENTS ANDOCCLUSAL MORPHOLOGY

Although cusps, fossae, grooves, and ridges should be compatible with functional and parafunctional mandibular movements, the absence of a specified relationship in the natural dentition may not or need not be corrected by the reconstruction of an entire occlusion in order to produce an ideal occlusion.. However, in indicated restorations, functional occlusion should be determined on the basis of mandibular movements of a degree necessary or possible for an individual patient.


	Normal Versus Ideal Occlusion

Normal Occlusion

Normal implies a situation commonly found in the absence of disease, and normal values in a biologic system are given within an adaptive physiologic range. Normal occlusion, therefore, should imply more than a range of anatomically acceptable values; it should also indicate physiologic adaptability and the absence of recognizable pathologic manifestations. Such a concept of normal occlusion emphasizes the functional aspect of occlusion and the capability of the masticatory system to adapt to or compensate for some deviations within the range of tolerance of the system.

The functional adaptation of the dentition is well recognized, i.e., the occlusion undergoes certain changes with moderate wear that appear to be beneficial to the health of the entire masticatory system. Such adaptive changes in the temporomandibular joint, at least for adults, appear to be very unlikely

	The neuromuscular mechanism seems to have great potential for adaptation. However, the adaptive capacity of the neuromuscular system depends to a great extent on the irritability threshold of the central nervous system, which is influenced by emotional and psychic tension.

The intimate relationship between the pe​ripheral and central nervous systems is, in the final analysis, one of the most significant factors in the study of occlusion. One may consider a person’s occlusion from two viewpoints: (1) the anatomic occlusion evident in an examination of the functional relationship of the masticatory system, and (2) how a person’s neuromuscular mechanism reacts to his or her occlusion. 

Functional disturbances of the masticatory system may be caused by very severe occlusal interferences and mild psychic tension or by severe psychic tension and very slight occlusal interferences, the average tolerance level being between these extremes. Every analysis of occlusion, therefore, should include an evaluation of the patient’s reaction to occlusion and occlusal interferences. 
	However, functional occlusal therapy, if performed with great accuracy, has usually been found to eliminate dysfunctional manifestations in the masticatory system in spite of persistent nervous tension. The therapy introduces ideal occlusion, a state in which no (or minimal) neuromuscular adaptation is needed because no disturbing occlusal relationships are present. Ideal occlusion indicates a completely harmonious relationship of the masticatory system for mastication as well as for swallowing and speech.

Similarly, an occlusion may be considered clinically normal in the presence of occlusal interferences in lateral excursions, provided the interferences are bypassed by neuromuscular adaptation and there are no clinically apparent disturbances of masticatory function or pathologic periodontal changes.

Ideal Occlusion

The concept of an ideal or optimal occlusion refers both to an esthetic and a physiologic ideal. The emphasis has moved more and more from esthetic and anatomic standards to a current concern with function, health, and comfort. Extensive electromyographic research has confirmed the common clinical observation that esthetic ideals have a very limited relationship to optimum function and health of the dentition.



	Ramfjord and Ash
	1995, W. B. Sanders, 35
	Occlusion – 4th Ed, p 85
	NEUROMUSCULAR HARMONY

It is essential for functional comfort that neuromuscular harmony prevails in the mas​ticatory system. Fulfillment of certain requirements regarding the relationship between temporomandibular joint guidance and occlusal guidance assures such harmony. These requirements are as follows:

1. Stable jaw relationship is required when the teeth make contact in centric relation.

2. Centric occlusion must be slightly in front of centric relation and in the same sagittal plane as the path made by the mandible in a straight protrusive movement between centric relation and centric occlusion. Centric relation and centric occlusion contacts do not have to be in the same horizon​tal plane, but this arrangement has some practical advantages. 


	The distance between centric relation and centric occlusion is about 0.1 to 0.2 mm in the temporo-mandibular joints and about 0.2 to 0.5 mm at tooth level.

3. Ideal occlusion requires an unrestricted glide with maintained occlusal contacts between centric relation and centric occlusion.

4. The various excursions, both from centric occlusion and centric relation, need complete freedom for smooth gliding occlusal contact movements.

5. The occlusal guidance in various excursions must be on the working (functioning) side rather than on the balancing (nonfunctioning) side. Steepness of incisal or cuspal guidance is not important for neuromuscular harmony.


	Functional Stability. Another equally important aspect of ideal occlusion is functional stability of the masticatory system. Stable occlusal relationship refers to self-perpetuating, solid, and harmonious relationships between teeth and temporomandibular joints throughout life.

1.
The impact of full intercuspation closure must be in the long axis of all posterior teeth and against the central part of the meniscus of the temporomandibular joints.

2.
An even degree of wear resistance must be present. Also, the cutting effectiveness of all functionally alike teeth should be the same.

3.
No displacing impact may be present on anterior teeth in centric occlusal closure.

4.
There should be no soft tissue contact in functional occlusion.

5.
There should be an acceptable interocclusal space present.


	Orthodontic classifications are related more to anatomic and esthetic standards than to neuromuscular harmony and functional stability. 

On the basis of clinical and electromyo​graphic studies, it can be concluded that the prerequisites for an ideal occlusion are: (1) a stable and harmonious occlusal relationship in centric relation as well as in the range between centric relation and centric occlusion; (2) equal occlusal facility for bilateral and protrusive excursions; and (3) optimal direction of occlusal forces for stability of the teeth.

Although such a concept of ideal occlusion enables the clinician to help patients who have a low tolerance, level to occlusal imperfections or advanced loss of periodontal support for the teeth, it does not mean that such an “ideal” should be imposed upon every patient with a functionally normal occlusion and a healthy periodontium.
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	TACTILE SENSIBILITY AND OCCLUSION

Studies to determine the activity of oral sensations include those that discriminate dif​ferences in size and those that determine the threshold thicknesses that can be perceived. Factors influencing oral kinesthesia have been reviewed recently.

Sensory Receptors

Sensory receptors responsible for oral kinesthesia are located in the periodontium, temporomandibular joints (e.g., mechanoreceptors), and muscles (e.g., spindles). The contributions of each are estimated by an​esthetizing the receptors or their afferents. The tactile sensibility of the periodontium is assumed to be important in the regulation of occlusal forces and in the reflex opening of the mandible. 


	This sensibility has a potential relationship to bruxism, traumatic occlusion, and functional disturbances of the masticatory system where occlusion is a factor. In addition to determining the perception threshold in a static state (by placing thin foil of various dimensions between occluding chewing (by placing foreign bodies of various sizes in the food), interdental dimension discrimination (lDD) is considered to be important in detecting dimensional changes in food particles and in detecting efficiency from the degree of food grinding. It has been shown that metal foil as thin as 8p (0.008 mm) could be detected by some individuals and that the threshold ranged from 8 to 60 mu. 
	From these studies, it is quite apparent that receptors in the masticatory system are capable of detecting extremely small changes in the occlusion; they add significance to the clinical observation that minute discrepancies in the occlusion are capable of influencing the masticator), system. However, the role of periodontal receptors in kinesthesia or IDD has been questioned. Whether basic differences in periodontal sensibility account in part for some individuals’ failure to adapt to even minor occlusal interferences is not known. A significant difference between the sensory threshold for the normal periodontium and the periodontium in periodontal disease or bruxism has not yet been determined. Like the periodontium, it does not appear that TMJ receptors are involved significantly in IDD.

Muscle spindles have been suggested as being mainly responsible for IDD. Directional sensitivity (DS) is characteristic of IDD in that a test piece smaller than the reference comparison piece is discriminated better than a test piece larger than the reference piece. DS appears to be advantageous for detecting the dimensional change in food particles during chewing, which may relate to control of masticatory forces and the swallowing threshold.
	Perception of Occlusal Forces

It is possible to detect a force on the teeth of as little as 1.5 gm however, the results of studies in our own laboratory show that forces of 600 mg or less can be detected by some individuals. Because of the possibility of adaptation of periodontal membrane pressoreceptors, a clear picture of the threshold for pressoreceptors has not been established. It appears likely that receptors do adapt to light, continuous forces, but they do not ap​pear to adapt to intermittent dynamic forces. 
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	Occlusal Forces

In a study9 where a crown was raised above the occlusal level by 0.5 mm, the load on the tooth was twice as great as normal. Since it appears unlikely that the receptors in the periodontal membrane adapt to such “high” restorations, a protective avoidance of the restoration or a force compensation must take place within the limits and tolerance of the masticator), system components.


	Interocclusal forces during mastication vary from individual to individual. These studies suggest that the nature of the food controls occlusal forces to some extent and that such forces are greater when closer to an intercuspal rather than a lateral position.

However, when hard candy is eaten, there is a tendency to move it around until crushing can be accomplished without excessive force. 


	A force can be considered excessive when it acts as a painful stimulus or produces injury.  It appears logical to assume that occlusal interferences constitute at least the potential for excessive forces, especially if protective mechanisms are bypassed.

Several earlier studies of maximum occlusal forces have demonstrated the very large forced-biting forces that are capable of being generated.  Maximum biting force is related to facial morphology.
	Strongest force has been recorded in cases of anterior inclination of the mandible, lesser anterior than posterior face height, smaller gonial angle, parallelism between the mandibular occlusal line and the lower border of the mandible, and broad maxillae. It has been suggested that the form of the face is influenced by the strength of the masticatory muscles.87 
Biting force is increased with periodontal anesthesia. It is rational to assume that the periodontal membrane sensibility helps manage occlusal forces so that the tolerance level of the supporting structures of the teeth is not exceeded
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	Occlusal Adaptation

Occlusal stability refers to a state of homeostasis in which ongoing functional or structural changes occur within an acceptable physiologic range for the masticatory system. Of particular interest are limitation of movement, avoidance of painful teeth and joints, and avoidance of occlusal interferences.

Avoidance may be a conscious movement, but it becomes automatic with success.

In most instances, there is a tendency to chew on the same side as a painful joint because movements are less there and forces less than when the condyle is in the balancing position. 

Perhaps the most dramatic reflex avoidance occurs in some individuals who have an interference to guided closure in centric relation. 


	Occlusal Stability

The modern concept of a dynamic individual occlusion naturally includes an increased interest in stability of the occlusion before, during, and after dental and periodontal treatment. Adjustment of tooth position occurs throughout a person’s lifetime in response to naturally induced changes of occlusal forces associated with wear in response to pathologic changes in the support mechanisms or muscle tonicity, and following placement of restorations and other dental procedures. 

The patterns of forces that act on the teeth are far more complex than usually conceived. Tooth movement and development of new interferences have been observed where occlusal adjustment did not include, in principle, the establishment and maintenance of occlusal stability.


	A practical principle for tooth stabilization following occlusal adjustment or placement of dental restorations is to make centric stops in centric relation closure on the same horizontal level as the centric stops in centric occlusion. Vertical forces have less tendency than lateral forces to create excessive mobility of teeth

Another manifestation of occlusal stability is establishment and maintenance of a reproducible stationary hinge axis in centric relation. as determined by the temporomandibular joints. Centric relation may be altered by dysfunction and may change position during preliminary treatment.’65 Stability of occlusion can be established only after elimination of dysfunctional manifestation of pain or discomfort in the temporomandibular joints and relaxation of the jaw muscles.
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	MASTICATION AND OCCLUSION

Mastication is considered to be an all-encompassing behavior pattern consisting of basic primary patterns of muscle activity that reflect a background of activity of the central nervous system as well as learning and adaptation of movement which occurs throughout life. Inasmuch as tooth guidance has an influence on muscle activity during chewing and swallowing function, it seems reasonable to accept that the neuromuscular system does adapt to changes in occlusion, including the position, alignment, and form of the teeth.

The terminal point of a chewing cycle is tooth contact with intercuspation of the teeth. In this respect, the duration and character of the chewing cycle may have a narrow teardrop shape when soft food is chewed, or the envelope may have a larger lateral component with hard foods. 


	Chewing Cycle

In a chewing cycle the approach to tooth contact appears to be relatively reproducible and based upon responses that have been learned and programmed for repetitive movements. The angle made by tooth guidance in and out of contact in the intercuspal position is called the functional angle of occlusion (FAO). A relationship between FAO and disc displacement has been suggested.

Each chewing cycle has a duration of about 700 ms and tooth contact of about 200 ms. Maximum interocclusal force begins about 90 ms after initial contact and lasts about 110 ms in a stable intercuspal position. After this power stroke or stationary phase, which varies in biting force according to type of food, the opening phase begins. The maximal force generated in the intercuspal position follows maximum EMO muscle activity.


	The intercuspation of the teeth in lateral excursions on the working side is guided by the contact of the buccal aspects of the mandibular supporting buccal cusps with the slopes of the lingual aspects of the maxillary buccal cusps

Balancing side contacts may be made along the surfaces of the maxillary lingual cusp buccal inclines (including the cusp tips in wide excursion) and the buccal mandibular cusp lingual inclines (including the cusps in wide excursion.

Extensive studies made of the jaw movements, contact patterns, and occlusal facets of aboriginal Australians indicate that after heavy functional wear, the teeth on the balancing side do not make contact during mastication. However, if the wear has been produced mainly by bruxism, the contacting wear facets on the balancing side often interfere with masticatory movements to the other side.


	Bilateral Mastication

Multidirectional, alternating, bilateral mastication is ideal for stimulation of the entire supporting structures, for stability of occlusion, and for cleansing of the teeth. Clinical studies and combined clinical and electromyographic studies show that bilateral function is assumed whenever a convenient, unrestricted, bilateral, occlusal relationship with equal bilateral cuspal guidance and functional capacity is provided.
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	Unilateral Mastication

Habitual unilateral or protrusive preference patterns of mastication are often the result of adaptation to occlusal contacts that hamper or hinder smooth, gliding harmonious jaw movements with the teeth maintaining contact. Such patterns are commonly seen in persons who have been living on soft nonabrasive foods or whose normal occlusal pattern has been disturbed by dental and periodontal irregularities and disease or by loss of teeth.

A unilateral restricted pattern of mastica​tion may also be the result of a splinting or protective action of the jaw muscles in pa​tients with temporomandibular joint disturbances. If a sufficient number of teeth are present, such patients prefer to chew on the side of the painful joint, since there is more pressure on the balancing side condyle than on the working side condyle in the process of biting through food.


	Masticatory Habits

The sequence and distribution of the activities of the jaw muscles during mastication normally depend on the type of food being chewed and on the individual’s habitual masticatory pattern. During the chewing of hard foods, such as a carrot, there is heavy masseter action on both sides coinciding with the action of the temporalis. During the last phase of chewing a carrot and during the chewing of soft food, the masseter muscle on the working side shows more activity than the balancing masseter. 

In a study of persons with full complements of teeth, more than two thirds were shown to have an alternating bilateral masticatory pattern, about 10 per cent chewed bi​laterally simultaneously, and about 12 per cent had unilateral mastication restricted to one side (equal number right and left). 


	The rate of mastication is, to a large extent, governed by the texture of the food. Soft food is chewed at a slower movement rate than hard food. 
The lack of abrasiveness in the modem diet, however, is probably conducive to the development of restricted masticatory movements. Tests on biting strength show that really heavy biting is more comfortably done close to centric occlusion than in lateral or protrusive positions of the jaw, so that the crushing of very hard food probably involves very limited lateral excursions.


	Effect of Loss of Teeth

Muscle activity and chewing pattern may also be radically altered by loss of teeth. Normal muscle activity resumes following insertion of well-fitting dentures. It is worth noting that, besides the “masticatory muscles,” a number of head and neck muscles actively and passively participate in the act of mastication, and muscle activity is always guided toward the optimum functional result with the masticatory “tool” available.
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	Mastication

Mastication is a complex three-dimensional movement involving the mandible, tongue, masticatory muscles, lips, and cheek muscles under central nervous system control and modulations of peripheral sensory inputs. 45

Stages of Mastication

Mastication is often described as occurring in three stages: (I) incision, (2) crushing and diminishing of the size of large particles, and (3) milling or trituration of the food preparatory to deglutition.
	It appears that there may be gliding contact back over the working side in open​ing from centric occlusion.  Occlusal stress pattern studies also provide some evidence concerning the contact measurements of the teeth in excentric function. From practically all of the findings of studies of jaw movements it is evident that some lateral, combined lateral and protrusive strokes end​ing in centric occlusion constitute the normal pattern of mastication, but that the strokes vary considerably from individual to individ​ual. In some instances, instead of ending in centric occlusion, the chewing stroke in the milling stage of mastication carries over slightly laterally or retrusively from centric occlusion. Observations with highly sophisti​cated recording devices indicate that occlusal surfaces of posterior teeth may participate in masticatory function, although they do not make contact in empty excentric movements.


	Masticatory Adaptation

One study related masticatory performance or effectiveness to occlusal contacts recorded both by size of contact area and by number of contacts.  It appeared from the study that the masticatory performance was well correlated (in a linear manner) with food platform areas, less well with molar imprint length, and poorly with tooth units. The food platform area, or total occlusal contact, is influenced by occlusal interferences, missing teeth, and irregular positions of the teeth. Attrition usually increases the food platform area, as does occlusal adjustment.

The entire dentition undergoes a continuous adaptation to functional wear. This manifests as compensatory eruption of teeth, mesial drift to compensate for interproximal wear, and changes in tooth position which attempt to compensate for pathologic tooth movements or loss of teeth. These changes signify an unceasing effort to maintain a proper physiologic balance of the masticatory system throughout a person’s lifetime.

Advanced attrition with loss of cusps leads, by uneven wear of enamel and dentin, to the formation of “inverted” cusps~ and fossae that are as efficient in masticatory function as the originals, thus maintaining the efficiency of the masticatory system.


	DEGLUTITION AND OCCLUSION

Deglutition (swallowing) is a complex and innate behavior seen in the unborn fetus.  There is a complex functional relationship between maintenance of the airway mandible posture, and tongue activity and opening of the alimentary canal for the passage of foods, fluids and saliva. Most of the activities involve reflexes that interact first to protect the patency of the airway and second to close the airway and pass food into the alimentary canal. 

Stages of Deglutition

Mastication is based on a combined cyclic and learned reflex pattern and, like the initiation of swallowing, is partially under voluntary control; however, when the bolus (food) has reached the upper pharynx, the rest of the swallowing function is based on primary unlearned reflexes. The process of swallowing has been divided into four stages:” (I) the swallow-preparatory position of the bolus within the mouth, (2) passage from the mouth to the pharynx, (3) passage through the pharynx, and (4) passage through the hypopharyngeal sphincter. The process can be reduced to three phases by combining (I) and (2) so that there is an oral phase, a pharyngeal phase, and an oesopharyngeal phase. 

The first stages (or oral phase), which are under voluntary control, involve placing the chewed food or liquid between the tongue and the anterior teeth and palate. 

The swallowing action (pharyngeal phase) in humans is rapid and the bolus reaches the upper end of the esophagus less than I s after the initial act of swallowing.’

The exact mechanism for triggering the pharyngeal phase is not known. It appears that the complex swallow pattern is set in the brain stem.
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