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Section 10: Centric Relation
(Handout)

Definitions:
Centric Relation (CR): the maxillomandibular relation in which the condyles articulate with the thinnest avascular portion of their respective discs with the complex in the anterior-superior position against the shapes of the articular eminences. This position is independent of tooth contact. This position is clinically discernible when the mandible is directed superiorly and anteriorly. It is restricted to a purely rotary movement about the transverse horizontal axis.
Deprogrammer: various types of devices or materials used to alter the proprioceptive mechanism during mandibular closure.
Maximum Intercuspation (MI): the complete intercuspation of the opposing teeth independent of condylar position.

Anatomy influence on Centric Relation:
1. Atwood states that there are two basic concepts of CR.
    a. anatomic concept - the most posterior border position is established by ligaments. 
    b. pathophysiologic concept - the most posterior unrestrained jaw relationship (not a border position)
       established by muscle action.

    The posterior limit of the mandible is established by structures anterior and lateral to the condyles (lateral pterygoid and temporomandibular ligament) rather than posterior to them. The temporomandibular ligaments contain proprioceptive nerve endings, susceptible to stretching, leading to inhibition of the retrusive muscles (temporalis and digastrics), and stimulation of the protrusive antagonist muscles (lateral pterygoids).

The term "unrestrained " relates to no undo force causing distortion of the tissues.

Does reproducibility assure correctness? _________ 

2. Moss stated that:
   a. CR is a nonfunctional position that is not habitual or common.
   b. Are the functional surfaces of the TMJ capable of adaptation over long periods of  time? _______ 
   c. When would these changes occur? ___________
   d. The dynamically fluctuant state of the neuromuscular apparatus makes it reasonably certain that
       variation in CR position can exist. Ex. Pain caused by a high restoration. 
   e. As mandibular function begins, and muscles contract, the functioning joint surfaces are brought
       into a compressive articulation and the condylar heads are not in CR.  

3. What is Levy’s dynamic concept of centric relation? 
     a. A quasi-fixed position of temporary duration which exists in a state of equilibrium established by
         the neuromusculature and ligaments.
     b. Does this mean that the TMJ and musculature can adapt by remodeling to the newly acquired
         intercuspation?
     c. According to Levy, does this mean that a fixed retruded positional concept can lead to unnecessary
         treatment?

  Dawson stated that in CR: 
    a. Proper alignment of the condyle disk assembly is required and the condyles should be against the
        eminentia.
    b. The medial pole plays the predominant stop of upward movement of the condyle. 
    c. The muscles surrounding the joint pull the condyle disk assembly firmly against the eminentia.
    d. Elevator muscles (temporalis, masseter, and medial pterygoid) pull superiorly.
    e. The medial pterygoid pulls the medial pole of the condyle into the buttressed part of the glenoid 
        fossa. The medial pole of the condyle braced against the glenoid fossa can have no posterior
        movement without moving inferiorly.
    f. The anterior pole of the condyle rests against the eminence and prevents forward movement.
    g. The medial pole of the condyle (superior-anterior) seated in CR can make a rotary movement. 
        The lateral pole of the condyle can translate during opening and closing of the mandible while in 
        CR due to angulation. This anatomy allows occlusal relationship records to be taken at varying
        vertical dimensions of occlusion as long as the correct horizontal axes are recorded.
    h. Lateral pterygoid muscles resist the elevator muscles and deviate the mandible to avoid occlusal
        interference’s.
    i. Centric relation is a functional position and relates to the muscle harmony of the patient. 
    j. Occlusal interference’s to the uppermost centric relation position mean that the lateral pterygoids 
       must deviate the mandible to conform to the maximum occlusal position and they cannot deviate
       to that position without serving as a holding muscle against the elevator muscles. This can progress
       into a clenching pattern, and incoordinated musculature.
    k. Bilateral manipulation is the method preferred to determine optimum TMJ condyle position. 
        Where are the fingers placed for this method? ____________________________________

5. According to Gilboe, is it possible to place the condyle in a position so posterior that the condyle-disk assembly is no longer in contact with the eminence? _____ 

If an internal derangement exists, the most posterior position could be pathologic. With an anteriorly displaced disk, the condylar articular surface bears on the posterior band of the intra-articular tissue. 

If restored in this position, can an iatrogenically induced derangement of the TMJ occur? _____ 

Does reproducability imply desirability? __________

Restorative services should be postponed until CR has been established and confirmed by the absence of symptoms.

Centric Relation, Why is it important?
CR is a bone to bone position and MI is a tooth to tooth position.
CR is the only clinically repeatable (verifiable) jaw relation. It is the logical position to fabricate a prosthesis.
CR and MI are coincidental in only 10% of the population. The discrepancies between 
CR and MI can be observed on articulated study casts.

When is it needed? An accurate CR recording should be made to reduce time spent making intraoral adjustments at delivery. Applicable situations include:
    a. MI not clearly defined due to restored dentition.
    b. Changing VDO
    c. Occlusal scheme - group function rather than mutual protection.
    d. TMJ disorder patients with occlusal discrepancies as part of the etiology of the TMD.
    e. Angles’ class II patients requiring freedom to move from CR to a pseudo - class I (protrusive)
        position.
    f. When the number of artificial teeth out number the natural teeth. 

Systems for recording Centric Relation: 

Static Recording ( interocclusal check bite) - teeth or supporting tissues as predominant factors. Oldest and most commonly used method used today. CR recording should always be verified against a second recording. There should be no tooth contact through the CR records. If contact occurs, undetected mandibular translation may occur due to deflective contacts or neuromuscular avoidance mechanism. When a slide to MI is present, the first contacts in CR are usually the most posterior teeth, and the molars can act as a fulcrum to cause the condyles to move down and backward initially and then forward as the teeth slide into MI.

Graphic Recording - intraoral or extraoral Gothic arch tracings.

Physiological / Functional Recording - usually recorded on wax rims or wax cones during unguided / unassisted patient movement.

Cephalometric Recording - cephalometric radiography to determine optimal position of the condyles. Impractical and seldom used. 

Deprogrammer: Deprogramming devices are used to eliminate muscle engrams, prevent the activation of the neuromuscular avoidance mechanism, and allow the mandible to more easily achieve the CR position. While the concept of using deprogramming devices to record CR is widely accepted, controversy and variation in technique abound. Current literature tends toward agreement that deprogramming takes about 30 minutes. More time (several hours or overnight) does not provide benefit. Some of the major techniques include:

1. Bite on cotton roles: used with chin point guidance. This was the norm when the definition of CR was the most retruded position.

2. Lucia jig: a Duralay jig was made indirectly and fitted during deprogramming, adjusted with a slight incline until a gothic arch tracing was demonstrated with articulating paper. The CR record is made with a hard material on a wax wafer and the patient closed firmly onto the jig. The criticism of this technique today revolves around the incline of the jig and the choice of wax to make the record. Elastomeric materials were not available.

3. Leaf gauge: this device was very popular in the seventies and eighties. The patient closed into a thick gauge and leaves were removed until the teeth were minimally separated in what was assumed to be CR. The record was made with the leaf gauge in place. Drawbacks included the incline of the leaf gauge may force the condyles posterior. Williamson recommended less biting force to allow the physiologic placement of the condyles in the glenoid fossa.

4. Anterior flat plane: essentially a Lucia jig, but without any inclines. Used in the power centric recording. 

Recording techniques:
Chin-point guidance: not recommended due to the posterior displacement and stress on the bilaminar zone.

Bimanual technique (Dawson): patient is deprogrammed using an anterior device or leaf gauge. Fingers are at right angles with upward pressure, thumbs on chin with downward pressure. Manipulate into pure hinge movement (romancing the mandible). This technique is accurate and has support in the literature. It can also be technique sensitive. The operator must be careful not to over-manipulate the patient and place the condyles in a more posterior position.

What does McKee say about this technique?

McKee stated that the most important criteria for CR is the complete release of the inferior lateral pterygoid muscle during jaw closure. If not released, the condylar position will be inferior.

Single-handed technique: same as the bimanual but with one hand, fingers at the angles and the base of the thumb at the chin. The free hand is used to place the recording medium. Many say that it is not as accurate as bimanual manipulation.

4. Myotronics: not very popular today. Electrodes measure muscle activity. Records are difficult to verify and are anterior to CR compared to other techniques. 

What does Jankelson say about the neuromuscular aspects of occlusion? 

Unassisted free closure by the patient (swallowing, pull tongue back): no anterior deprogrammer. Records tend to be anterior to repeatable CR compared to bimanual guidance.

6. Unassisted free closure by patient (with anterior deprogrammer): What did Campos find?

7. Power Centric (Roth): this excellent technique is a modification of Lucia’s original work. A flat plane anterior deprogrammer (to prevent activating the neuromuscular avoidance mechanism) is combined with free closure by the patient to eliminate operator induced error. The use of the flat plane allows the elevator muscles (masseter and temporalis) to seat the condyles in a superior anterior position. The anterior deprogrammer is made without indentations to register the mandibular incisal edges. The original technique, used a two piece wax bite. More stable registration materials like acrylic resins can be used for the deprogrammer and an elastomeric recording material. 

   a. The patient is fitted with the anterior deprogrammer so the teeth are minimally separated.
   b. During the deprogramming the patient is taught to move into CR without assistance.
   c. The recording material is introduced posteriorly and the patient exerts firm anterior biting pressure on the
      deprogrammer in the CR position while the material sets. 

Hickey stated that artificial teeth will contact in CR when the proprioception of natural teeth is absent. Three methods of recording CR are discussed:

   a. Physiologic technique - swallowing procedures and chew in records. Problems - movement of rims on the
       tissues, patient not reaching the most retruded position as he chews side to side, and resistance of the
       material may result in a lack of consistency in the mandibular position.
   b. Graphic indication of mandibular position – intraoral or extraoral tracing devices. Problems - supported by
       movable tissues, discrepancy in opposing ridge size or position. 

Direct interocclusal records - made by interposing recording medium between occlusal rims. Recommended by Hickey because of its simplicity. Problem - Accuracy dependent on clinical judgement by the dentist.

Recording Materials: 
CR recording should always be verified against a second recording.

Careful trimming of the interocclusal recording material is critical because the soft tissue is recorded in a compressed state. The stone casts record the soft tissue in an uncompressed state. The two areas that must be trimmed are the gingival tissues of the maxillary teeth (palatal) and the distal tissue of the terminal maxillary tooth. 

Waxes: Hard baseplate or reinforced (Aluwax, Coprawax): Many variations in technique. The material is generally considered too unstable and inaccurate for CR (ok if used immediately, must be no proprioception, must harden quickly, Ex. Delar wax.), but can be used successfully for static (positional) lateral checkbites.
Compound (modeling plastic): accurate but are technique sensitive. Need to have uniform softening to prevent uneven pressure while recording CR.
Plaster and ZOE: accurate and stable but difficult and messy to use.
Elastomeric (Stat BR, Blu Mousse, etc.): stable, easy to use and acceptable accuracy. Several variations in technique. Widely accepted as the current norm. 

Factors that affect Centric Relation records: 

The resiliency of the supporting tissues.
The stability of the recording bases.
The TMJ and associated neuromuscular mechanisms.
The character of the pressure applied in making the recording.
The technique used in making the recording and the associated recording devices used.
The skill of the dentist.
The health and cooperation of the dentist.
The maxillomandibular relationship.
Character and size of the residual alveolar arch.
The size and position of the tongue.

What did Kingery say about problems associated with CR?
1. Requirements:
    a. Record correct horizontal relationship
    b. Equal vertical contact of arches

2. Errors: 
    a. Positional - incorrect horizontal and vertical contact, excessive pressure on closing.
    b. Technical - poor rims, pin moved, processing errors. 

How are the errors manifested clinically?

Vertical - _______________________________________________________________
Horizontal - _____________________________________________________________

Recording 
    a. Extraoral and intraoral tracing - use a central bearing point to establish equal contact.
    b. Direct check bite - occluding surfaces must not touch. Recording medium must be soft.
    c. Functional recording = chew in - gothic arch tracing made with pressure - be careful with displaceable
        tissue.

Shafagh found what about CR and diurnal variance?.
What is his suggestion ? 

Guichet:
- How does the SCM muscle affect jaw position? 
- Can a dentist reprogram the musculature and condylar position?
- What is the protective reflex? 
- How is equilibration related to jaw separation? 

Williamson - What does he say biting hard does to the condyles?
- What does he say about forcefully retruding the mandible vs. a physiologic position using the anterior guidance technique? 
- The temporalis has more influence on CR than the masseter when an anterior guidance appliance is used (Williamson).

Campos - what did he say about recording positions of CR in upright or supine positions? Which one is better? Did they have a difference in reproducability?

Articulation: 

1. The choice of the articulator is dependent on the intended occlusal scheme (group function, mutually protected) to be developed, the complexity of the restoration. 
2. Semi-adjustable articulators are commonly used, along with arbitrary facebows.
3. CR records should be less than 3 mm to minimize the arc of closure errors.
4. The degree of sophistication chosen will be negated if accurate centric relation records are not 
obtained and excessive intraoral adjustments -may be required.

Prosthesis fabricated in centric relation or centric occlusion:

Lucia recommended that centric occlusion should be built to occur at centric relation. Regardless of 
whether we believe that centric occlusion should be slightly anterior to this terminal hinge position, this
is the only constant, repeatable position that can be used to check the work as we proceed.

What does he say about proprioceptive impulses?

Glickman evaluated a patient with full mouth restorations and placed one set fabricated in CR and the 
other in CO.  What did he find?

Serrano used a corrective occlusion prosthesis to try to improve the reproducability of CR. What did
he find after the three month period?

Wood used an interim prosthesis to allow for easier CR recording later. What did he recommend? 

Conclusion:
1. The definition of CR has evolved over the years and with greater understanding of mandibular movement, it may change again. As the definition changed, the techniques for recording it often changed or were modified. Other modifications in technique are associated with the improved materials.

2. CR is an area, a small area.

3. In the 1950’s "the most retruded relationship of the mandible to the maxilla when the condyles are in their most posterior unstrained positions in the glenoid fossa from which lateral movements can be made, at any degree of jaw separation". The chin point push back technique was popular.

In the 1980’s "RUM" the rearmost uppermost and midmost position. Dawson and others pointed out that clinicians tended to emphasize the rearmost aspect and, with manipulation by the operator, the patient recording could actually end up posterior to CR. Chin point guidance was followed by the bimanual guided technique, both with and without anterior deprogramming.

The clinician should select a technique and material for recording centric relation position based on the patient’s presentation, proposed treatment, and the clinicians personal philosophy.
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- Abstracts -

10-001. Atwood, D.A. A critique of research of the posterior limit of the mandibular position. J Prosthet Dent 20:21-36, 1968.
Purpose: To discuss the concept of centric relation and evaluate past, current, and need for future research.
Discussion: There are two basic concepts of CR. The anatomic concept which states a most posterior border position established by ligaments. The pathophysiologic concept states that CR is the most posterior unstrained jaw relationship not a border position and is established by muscle action. CR is important as a reference position for the restoration of occlusion due to it being relatively reproducible. But reproducibility does not assure physiologic desirability or correctness. A number of clinical and specific problem studies are reviewed.
Conclusion: Posterior limit of the mandible at VDO is established by structures anterior and lateral to the condyles rather than posterior to them.(lateral pterygoid and temporomandibular ligament) The temporomandibular ligaments contain proprioceptive nerve endings susceptible to stretching leading to inhibition of the retrusive muscles(temporalis and digastrics), and stimulation of the protrusive antagonist muscles (lateral pterygoids).

The need for a large variety of future studies is called for.

10-002. Moss, M.L. A functional cranial analysis of centric relation. DCNA 19:431-442, 1975.
Purpose: This article is a review of the information as to the anatomy of the TMJ and its relationship to Centric position. The following conclusions have been made:
  1. In biomechanical terms the centric relation is a nonfunctional position.
  2. Over relatively long periods of time, the morphology of all functional surfaces of the TMJ is capable of significant adaptive alterations. These are normal compensatory responses of skeletal units to the prior alterations of functional matrices.
  3. In much shorter time periods, the dynamically fluctuant state of the neuromuscular apparatus makes it reasonably certain that intra-individual variation in condylar positions can exist.

10-003. Levy, PH. Clinical implications of mandibular repositioning and the concept of an alterable centric relation. DCNA 19:543-570, 1975.
Summary of important points:
- Early attempts to obtain repeatable positions in treating denture patients resulted in a fixed retruded position being standard for centric relation. This concept was later used for dentate patients. Levy feels this is incorrect. The mandible repostures to a more favorable position to establish a new balance and equilibrium. The condyle and fossa remodel and adapt to this position.
- The joints assume their position as a result of the intercuspation of the teeth, jaws, and neuromusculature. 
- Form follows function.

10-003.  Levy, P.H. Clinical implications of mandibular repositioning and the concept of an alterable centric relation. DCNA 19:543-570, 1975.
Discussion: A fixed retruded positional concept is traced to early complete denture attempts to obtain duplicable bites. This concept, later gained acceptance as a physiologic entity for patients with teeth. Static centric relation, ultimately lead to entirely reproducible systems involving all mandibular movements. An interpretation of centric relation as fixed or static has become the common cornerstone for virtually subspecialties in dentistry. According to Levy, a fixed retruded positional concept has lead to unnecessary treatment in certain orthodontic cases and rehabilitation cases as related to extractions and surgical jaw repositioning. 
     Reposturing the mandible to a clinically favorable " as if " position determined by the anatomic factors present is an integral aspect of the reconstruction procedure. Control of the situation requires that the newly acquired intercuspation be definitely keyed to allow the patients' musculature to establish a new balance and equilibrium and time for the condyles and their fossae to readapt and remodel their relationship. 
     Temporomandibular articulation has a wide range of adaptability and remodeling capacity. The joints assume their position as a result of interplay of intercuspation of teeth , jaws and neuromusculature. A dynamic concept of centric relation is presented as a quasi-fixed position of temporary duration which exists in a state of equilibrium established by the neuromusculature and ligaments. Adoption of this concept allows for a diagnosis and treatment which is rational in theory and workable in fact. 

10-004.  Jankelson, B. Neuromuscular aspects of occlusion: Effect of occlusal position on the physiology and dysfunction of the mandibular musculature. DCNA 23:157-1688, 1975.
     Mechanical measurement performed under conditions for registering condylar (border) occlusion does not establish whether the repetitiveness is occurring under muscularly relaxed or muscularly strained conditions. The presence of mechanical devises, such as clutches, central bearings, or pantographs, which have been used to measure border positions, elicit a neuromuscular response by their very presence.
     Transcutaneous electrical neural stimulation (TENS) is firmly established in physical medicine as a most effective, physiologically rational means of relaxing specific areas of the musculature. The Myo-monitor was designed to adapt TENS specifically to the requirements for the relaxation and control of the complex of muscles involved in mandibular function. This is accomplished by the application of mild, time-spaced programmed stimuli through the fifth and seventh nerves.

Tracings in this study showed:
1. Chewing and swallowing were done at, or in the vicinity of, centric occlusion and that no chewing strokes or swallows went to centric relation.
2. Pathways between centric occlusion and centric relation is seldom a symmetric posterior movement, but involves changes in all dimensions.
3. The muscle tension generated on retrusion from centric occlusion to centric relation gives further support to the findings that centric relation represents a neuromuscularly strained position. (Note: Definition of C.R. used: Rearmost, uppermost, midmost position) 
4. Centric occlusion, apparently by feedback to proprioceptors, is the dictator and controller of the posture and the skeletal relationship of the mandible to the skull. When centric occlusion does not coincide with the neuromuscular position, proprioceptive feedback from the malpositioned centric occlusion dictates and maintains strained muscle accommodation, and an accommodative trajectory of closure. The result is mandible dysfunction characteristic of craniomandibular syndrome.
5. Myocentric occlusion often coincides with centric occlusion, but in no instance was myocentric occlusion found to coincide with centric relation.
6. Registration of myocentric occlusion is achieved by isotonic muscle contraction that originates from rest position.

Note: This author lists only 3 references, all of which are himself.

This article is nothing more than an advertisement for the Myo-monitor.

10-005. Dawson, P.E. Optimum TMJ condylar position in clinical practice. Int J Perio Rest Dent 3:11-31, 1985.
Purpose: To discuss, in length, the optimum condylar position in clinical practice.
Conclusion: Definition of C.R.: When the properly aligned condyle-disk assemblies are in the most superior position against the eminentia, irrespective of tooth position or vertical dimension.
     C.R. is a horizontal relationship of mandible to maxilla.
     The most important point in regard to condyle-fossa relationship has been grossly ignored, and that is the role that the medial pole plays as the predominant stop of upward movement of the condyle.
     When we have occlusal interferences to the uppermost centric relation position, it means that the lateral pterygoids must deviate the mandible to conform to the maximum occlusal position, and they cannot deviate to that position without also serving as a holding muscle against the elevator muscles. If this progresses into a clenching pattern, we are going to then have hypermyotonia and incoordinated musculature. What we are really after is a totally harmonious relationship of functional harmony.

Bilateral manipulation is the method preferred to determine optimum TMJ condyle position.

10-006. Kingery, R.H. A review of some problems associated with centric relation. J Prosthet Dent 2:307-319, 1952.
Purpose: To discuss four problems associated with centric relation:
Methods/Problems discussed: 

1. What is required: Problem of requirements include the position of the horizontal relationship of the mandible to the maxilla with equalization of vertical contact, is known as centric relation, or the most retruded unstrained positions of the heads of the condyles in the glenoid fossa, at any degree of jaw separation, from which lateral jaw movements can be made. We do not "take" centric relation, we "record" centric relation.

2. Errors: There are two classes of error. Positional errors caused by operator error in recording horizontal or vertical relationship, excessive closing pressures and changes in supporting area. Technical errors may be caused by ill fitting occlusion rims, indiscriminate opening or closing of the occluding device or articulator, slight shifting of teeth in final wax set-up to the permanent base material.

3. How errors manifest: Loss of retention particularly in the mandibular denture, irritation on the crest of the lower ridge (localized ulcer usually hyperemic) in a premature contact, premature contact of one or several teeth on one side.

4. Recording centric relation: This author feels that too many operators are prone to accept without question CR recordings without questions. Five methods are discussed.

1. Graphic recording: Referred to as arrow point tracing and represents the movement of the mandible on one plane. The resultant graph will be take the form of a V. the point refers only to the anteroposterior jaw relation and must be registered with equalized vertical pressure. Error can be made by the amount of pressure applied by the patient and displacing the supporting tissue. Stansbery brought out a method to check the correctness of the position of the central bearing point.

2. Extraoral procedure: the gothic arch tracing is developed extraorally, allowing full view at all times. Plaster injected between the occlusion rims and central bearing point is used as a recording medium. Allows one to detect any jaw movement from the apex of the arch tracing and avoids locking a patients jaw in a certain position.

3. Intraoral procedure: Gothic arch developed while the central bearing point is locked at the apex of the tracing and plaster is injected between the occlusion rims and central bearing point as the recording medium. 

4. Direct check bite method: Most common material is wax. (wax distorts) Secured on occluding surfaces and made with equalized pressure. 

5. Functional recording method: Frequently call a chew-in, allows the patient to indicate the position of CR by functional movement. Accomplished by abrasive material, wax, or studs placed on the occlusal rims.

Summery: Many methods are acceptable. The purpose of this paper is to stimulate more thought on the problems of recording CR.

10-007. Wood, G.W. Centric relation and the treatment position in rehabilitating occlusions: A physiologic approach. Part I: Developing optimum mandibular posture. J Prosthet Dent 59:647-651, 1988.
Purpose: The article discussed a physiological clinical approach to developing optimum mandibular posture and clinical methods of recording this posture when rehabilitating complete occlusions.
Methods & Materials: None
Results: None
Discussion: The purpose of occlusal orthopedic therapy is to give tissues a functional opportunity to approach their optimum physiologic health. the prosthesis should provide a firm nondeflective occlusion. 
     Fabricating occlusal orthopedic interim prosthesis: Make acrylic provisional restorations that provide optimum occlusion at the proper vertical dimension. Periodic adjustments will be necessary. This will allow for an easier recording later.
     Three methods discussed to determine CR are free arcing by the patient, resisted arcing with patient bracing, and manipulated arcing with dentist bracing.

10-008.  Hickey, J.A. Centric relation, a must for complete dentures. DCNA Nov 1964:587-600.
Complete dentures have no means of attaching to it bony support so, to maintain stability, it is necessary for the opposing teeth to meet evenly on both sides of the arch within the normal functional range. CR is the only position within the functional range that even contacts can be established and therefor, it is a must for complete dentures. To eliminate error in a fabricated denture, CR records must be made at the exact VDO desired and accurately transferred to the articulator. Reasons to construct a complete denture in CR are:

1. CR is the only position that can be routinely repeated and reproduced in an edentulous patient.
2. Mounting the casts in CR eliminates the problem of determining how far anteriorly to this most retruded position centric occlusion should be established.
3. CR must be recorded to permit accurate adjustment of the condylar guidance of the articulator for eccentric movements.
4. Opposing artificial teeth will likely contact in CR when the proprioception of the natural teeth is absent.
5. An accurate CR record orients the lower cast in the correct relationship to the opening axis of the articulator.

The author discusses three methods of recording centric relation.

The physiologic technique includes swallowing procedures and chew-in records. Movement of the rims on the supporting tissue, the patient not reaching the most retruded mandibular position as he chews side to side and resistance of the material used often result in a lack of consistency in the mandibular position. 
The graphic indication of mandibular position is recorded using intraoral and extraoral tracing devices. The recording elements being supported by movable tissues and any discrepancy in opposing ridge size or position can result in erroneous records.
Direct interocclusal records are made by an interposing recording medium between occlusal rims. The author prefers this method because of it's simplicity and lack of mechanical devices. He warns that accuracy is dependent on clinical judgement by the dentist and cooperation between the dentist and patient.

10-009. Glickman, et. Al. Telemetric comparison of centric relation and centric occlusion reconstruction. J Prosthet Dent 31:527-582, 1975.
Purpose: To study a completely reconstructed natural dentition under actual function to determine whether CR or CO relationships are used during chewing and swallowing.
Discussion: Two full mouth restorations were made for a patient, one fabricated with casts set in intercuspation and the other with casts in CR. Telemetry tests were conducted to determine how each set-up affected the tooth contact patterns during function. No significant change in the frequency of contacts and glides occurred after placing either reconstruction except after three weeks of wearing the set-up built in CR. The findings indicated that adjusting to an occlusion set in CR does not readily happen in the three week testing period. The patient tended to function in the existing CO position. The author concludes that the use of the terminal hinge axis in oral rehabilitation is subject to question because the patient will not function in this position.
     The distance between CR and CO is variable and unpredictable so the use of the terminal hinge as a reference point is also questionable. CR is tolerated in complete denture set-ups because the proprioception of the PDL does not exist anymore.

10-010. Shafagh I, Yoder JL, Thayer KE. Diurnal variance of centric relation position. J Prosthet Dent 34:574-582, 1975.
Purpose: To investigate diurnal changes in centric position within a period of one day.
Materials/Methods: Ten men and three women with Angle Class 1 occlusions, ranging in age from 20 to 30 years of age, with no evidence of systemic or physiologic dysfunction and normal TMJs. Centric relation was repeatedly recorded for thirteen patients at 9:00 a.m., 3:00 p.m., and 9:00 p.m. on a single day. Denar model D4A articulator was used with a kinematic facebow at each appointment for consistency. The dentist used the chin point guidance technique for positioning the mandible using an anterior programmer, also called " anterior stop" or "anterior jig". To avoid subject fatigue the entire procedure was done in approximately 25-minute appointments separated by 5-½ hours rest.
Results/Discussion: Various positions of the condyles observed on sagittal tables could be attributed to 1) nonadjustability of the intersagittal distance of the instrument to the intercondylar distance of each subject; 2) the inability of the patients musculature to allow a pure hinge movement; 3) diurnal variance in the TMJ; 4) variations in location the hinge-axis and transferring it to the articulator; 5) invalidity of the stationary hinge-axis theory.
Conclusions: On the basis of the analysis of the data collected in this experiment, the following conclusions were made:
     1. Centric relation was repeatable for a few patients but in most there was variation. The greatest variation
         was in the superoinferior direction. There was no time of minimum variability.
     2. In many patients the condyles were in their most anteroinferior position in the morning and in their most
         superoposterior position in the evening. This may indicate that there is a diurnal pattern in the position of
         centric relation possibly related to fluid content in the joint.
     3. Depending on one's definition of centric relation, one time of day may be favored over another due to diurnal
         bias. If the most retruded and superior position of the condyles is desired, the evening seems to be a better
         time for making CR records.
     4. Freedom to move to some degree around a clinically determined centric relation position may have merit 
         as a treatment philosophy.

10-011. Gilboe, DR. Centric relation as the treatment position. J Prosthet Dent 50:685-689, 1983.
Purpose: To analyze the morphology of the TMJ not as a bone to bone mechanism, but as a bone to tissue to bone mechanism. 
Materials & Methods: None
Results: None
Discussion: The position of the disc id important in centric relation as the middle zone or central bearing area has no vascularity or innervation and therefore is adapted to accept pressure.
Centric relation redefined: The most superior position of the mandibular condyles with the central bearing area of the disc in contact with the articular surface of the condyle and the articular eminence. This position may not always be possible to obtain due to anterior dislocation of the disc.

10-012.  Williamson E.H., et al. Centric relation: A comparison of muscle determined position and operator guidance. Am J Ortho 77:133-145.
Purpose: 
1. To determine the direction and magnitude of shifts in condylar position when an interocclusal record is formed by biting hard or easy on a leaf gauge using ZOE as compared to the use of a wax interocclusal record.
2. To determine whether the temporal or the masseter muscles are most active in seating the condyles in centric relation when a leaf gauge is used.
Methods & Materials: The sample consisted of fifteen adults, 21-35 years of age. The Vericheck instrument was used to compare the condylar position when different interocclusal records were made using three separate techniques of recording centric relation.
1. Hard bite on the leaf gauge for 5 min.
2. Bite "half as hard" as technique #1
3. Bite into pink wax while guided by the operator.
Electromyographic recordings were concomitantly made.
Conclusion: 
1. Biting hard tends to cause the condyles to be forced posteriorly and away from the articulating surface of the eminence.
2. Biting easy with the leaf gauge allow the physiologic placement of the condyles in the glenoid fossa.
3. The temporalis muscles have more influence upon centric relation condylar position than the masseter muscles.

10-013.  Serrano, P.T. and Nicholls, J.I.  Centric Relation Change During Therapy with Occlusal Prostheses. J Prosthet Dent 51:97-105, 1984.
Purpose: 
1. To evaluate the change in location of centric relation with time
2. To discover if CR stabilizes within a period of 3 months in patients undergoing corrective occlusion prosthesis therapy
Materials & Methods: Eleven patients, 25-48 years of age, were selected.
#1 A modified Lucia jig was made for each patient. The patient's jaw was gently guided to close until contact was made with the anterior jig/ZOE recording medium. Casts were fabricated and mounted using the ZOE record. 
#2 A corrective occlusion prosthesis were fabricated and inserted. Records were made after 1,3,7,14,30,and 90 days.

Reference points were established on the mounted casts and measurements made.
Results: 
1. Corrective occlusion prosthesis therapy did not improve the reproducibility of centric relation in asymptomatic patients. 
2. Centric relation is not one position but is a range of positions.
3. The range of CR variation is greater laterally than antero-posteriorly.

10-014. Lucia, V.0. Centric relation - theory and practice. J Prosthet Dent 10:849-856, 1960.
Purpose: To locate a "center" that will enable us to reproduce the patient's movements on a suitable articulator and execute our work more intelligently and with grater ease.
Principles & Belief’s: 
1. There is one hinge axis.
2. By the use of twin Gothic arch tracings in the horizontal plane, it is possible to locate the centers of lateral movement and can be duplicated on an articulator that has an adjustable intercondylar distance.
3. Centers of rotation are made of two components, the center of vertical motion and the center of lateral motion, one in the same center, one in each condyle.
4. Proprioceptive impulses are responsible for the awareness of the position of the mandible in space, natural reflex acts of the mandible are to close in a lateral or lateral protruded position. Therefore the patient must be deceived by keeping the teeth apart. The patient must be trained and guided to execute the terminal hinge action.
5. Lucia method to record an interocclusal record to mount the lower cast to the articulator using Tenax wax, Sure-Set wax and Aluwax.
6. It is necessary to transfer the centers of lateral motion to an articulator if the other movements have been reproduced, this is accomplished by the use of twin Gothic arch tracings on a suitable articulator which can be adjusted for intercondylar width.
Summary & Conclusion: 
1. By having the centric relation of the mandible to the maxillae properly related on an articulator, the dentist can develop the centric occlusion accurately according to his own specifications.
2. Functional movements must seat the condyle in the terminal hinge position, Centric occlusion should be built to occur at centric relation.
3. Regardless of whether we believe that centric occlusion should be slightly anterior to this terminal hinge position, this is the only constant, repeatable position that can be used to check the work as we proceed. 

10-015a. Guichet, N F. Biological laws governing functions of muscles that move the mandible. J Prosthet Dent 37:648-656, 1977.
Purpose: To clarify if occlusal contacts cause specific responses in particular muscle groups and if there are precise laws which quantify the responses of the muscles to a particular occlusal contact pattern.
Materials & Methods:  Description of how to formulate a study based on clinical observations. No subjects described other than three generalized groups of study hypothesis to support clinical observations.
Clinical Observations: The reciprocal muscle response induced in the SCM muscle by functions of the lateral pterygoid muscle to advance the condyle can be demonstrated by grasping the belly of the right SCM and pull in a lateral direction; by pressing at the opposite side of the mandible at the premolar site a response is felt at the SCM.
     Lateral pterygoids will be in chronic contraction for the patient who has an occlusal condition that programs both condyles to be maintained in an advanced position so that the teeth can fit in MI. Chronic muscle contraction will be felt in both SCM muscles which results in chronic pain in the back of the head and neck.
     Just as the occlusion programs functions to locate the mandible in the horizontal plane, the occlusion will also program muscle functions to locate the mandible in the vertical plane. 
     A deflective contact in CR on the mesial incline of the lingual cusp of the maxillary right second molar causes pain in the right lateral pterygoid muscle (commonly diagnosed as earache) and in the right SCM (neck pain) or right occipital region at the attachment of the SCM (pain on back of the head). Occlusal contacts can program responses in the muscles that move the mandible and reciprocal responses in their antagonists to produce symptoms frequently diagnosed as " referred pain". 
Summary: Many factors other than proprioception originating from occlusal contacts of teeth program jaw position and the functions of the muscles that move the mandible. Once this is understood, an accurate diagnosis can select the course of patient treatment.

10-015b. Niles F. Guichet, D.D.S. Biologic laws governing functions of muscles that move the mandible. Part II. Condylar position. J Prosthet Dent 38:35-41, 1977.
Purpose: specific muscle responses programmed by specific types of occlusal contacts, based on clinical observation of modified muscle responses related directly to occlusal treatment procedures.
     The direction of the resultant force vector to the occlusal loading determined proprioceptively, governs functions of the muscles that move the mandible.
     If occluding forces are applied parallel to the long axis of the tooth, the tooth has maximum load bearing ability without proprioceptive sensors signaling for inhibition of the application of the load. If the applied forces are not in the direction of the long axis of the tooth upon application of a relatively minor load, certain periodontal ligaments will be stresses to their physiologic limits, initiating a proprioceptive signal to inhibit further application of the load.
     There is a physiological limit to the amount of stress which the periodontal fiber can withstand.
     In order to prevent damage during chewing, periodontal ligaments are equipped with the proprioceptive mechanism This signal induces a protective muscle response such as an opening reflex or inhibited movement. 

Condylar position:  Condylar positions of the mandible at rest as it moves to maximum intercuspation are programmed by the occlusal scheme.
     The ability of the dentist to modify the occlusion and reprogram the condylar position and muscle response is easily demonstrated clinically in occlusal treatment procedures.
     When clutches are removed, the teeth do not fit together properly. After several jaw closures the muscles reprogrammed the condylar position to complement the prevailing occlusion. This phenomenon illustrates the potential of the dentist to almost instantly reprogram the musculature and condylar position by occlusal treatment. 
     The ability of the occlusion to program condylar position accounts for the patient’s repeated ability to avoid damage.
     Patients avoid occlusal contact on prematurities.
     The challenge in obtaining an accurate centric relation record is not so much one of obtaining an indexing registration of the mandibular teeth to the maxillary teeth as it is one of how to relieve stress in the muscles or reprogram them so they will allow the condyles to seek and retain the position of centric relation. 

10-015c. Niles F. Guichet, D.D.S. Biologic laws governing functions of muscles that move the mandible. Part III: Speed of closure - manipulation of the mandible. J Prosthet Dent 38:174-179, 1977.
Purpose: To study the effects of occlusal contacts on the muscles that move the mandible
Discussion: This is the third part of a series that deals with how specific muscle responses are programmed by specific types of occlusal contacts. The article reviews a model to facilitate in developing jaw-manipulation skills.
     There are four "independent personalities" in this scenario, the dentist, the patient, the patients protective reflexes, and the gnathostomatic system.
     Basically, when the dentist approaches the patient to make a CR registration the patient "braces" (protective reflexes) for a potential damaging premature occlusal contact.
     Hence, there is a there is a programmed muscular response to brace the condyles in the most physiologic or protected mandibular position in consideration of the existing occlusal condition.
     The author compares the deflective occlusal contact to an irritation. As an analogy, if a patient had an extremely sore wrist, the doctor must approach the area slowly and carefully so as not to induce a protective reflex in a patient. This is in contrast to a patient with a vaguely sore, chronic wrist pain. Here the doctor could approach the sore part with greater speed before a protective reflex would be initiated.
     The same situation is true with teeth, with respect to the speed the dentist can forcibly arc the mandible in CR, as deflective occlusal contacts are removed in occlusal equilibration.

Three examples are given for centric prematurities on the lingual cusp of a first molar, cuspal inclines of a second molar, and on steep inclines on the posterior segments of dental arches, the last example with occlusal contact on steep inclines is the most difficult to manipulate the mandible into centric relation. This is because since the vector of force is contrary to the long axis of the tooth, the ability of the tooth to tolerate an occlusal contact in CR is limited. 

10-015d. Niles F. Guichet, D.D.S. Biologic laws governing functions of muscles that move the mandible. Part IV: Degree of jaw separation and potential for maximum jaw separation. J Prosthet Dent 38:301-310, 1977.
Purpose: To emphasize that there definite principles by which muscles respond to occlusal contacts.
Discussion: This the fourth and last part to a series on the biological laws governing functions of muscles that move the mandible.
     The article discusses how a patient will also exhibit a "protective reflex" to the hinge opening of the mandible depending on the occlusal prematurity in centric relation.
     The distance that the patients mandible can be depressed from occlusal contact before the patients musculature inhibits further opening (protective reflex) is termed the physiologic zone of jaw manipulation. This is a protective reflex in the patients musculature, designed to prevent damage to the tooth that first makes occlusal contact in closure at that condylar position.
     The more equilibrated the patient is , the higher the physiologic zone, ie there is a neuromuscular release and the mandible moves without interference from the muscle. 
     An example here is a premolar with a deflective occlusal contact will allow only 200 stress bearing units which is the physiologic limit load of that tooth. This would be equal to 2mm.
     In a dentition that had a full complement of teeth, with four posterior teeth that had simultaneous contact, there would be 1300 stress bearing units which would equal to 13mm of the physiologic zone of jaw manipulation.
     The physiologic zone is also decreased by the loss of periodontal ligament and the drifting of teeth.

     A single anterior restoration may cause a deflective occlusal contact when the mandible is in CR thus programming the retractor muscles (posterior belly of the temporal and digastric) to function and protect the tooth from trauma. In some clinical situations, a wax programmer may be used to promote simultaneous even contact of the anterior teeth (this relaxes the elevator and depressor muscles of the mandible) and facilitate a more accurate centric relation record.
     In clinical situations, an anterior jig may be used to disengage premature posterior tooth contacts, which cause splinting of the condyles by lateral pterygoid muscles.

Conclusion: Neuromuscular release of the mandible may be accomplished by equilibration of the natural occlusion, orthodontics, restorative procedures, or surgery. Most of the time it is a combination of these procedures. The criteria for success is not the method utilized, but the neuromuscular response to the treatment.
