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Section 11: Centric Relation Recording Methods
(Handout)

Centric relation – 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 discernable 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.

Myocentric – the position to which the muscles carry the mandible if no deflective factors exist on the teeth or occlusion rims. Myocentric position is recorded automatically, without manipulation of the mandible by the dentist or voluntary closure by the patient, by the use of an electronic device called the Jankelson Myo-Monitor.

Interocclusal Record Materials.
1.  Accuracy of baseplate wax, SS White and Hygienic: 
     Millstein (1973), described effects of initial heating temp - 121, 126, 131, initial closing pressure - 102 psi, 136, 172, storage environment - cold water at 12 degrees C, tap water at 25 degrees C, air cooling at 25 degrees C and storage time - 2, 6, 48 hours on accuracy of recordings made with baseplate wax. 

What were the results of each? 
- 102 psi were statistically significant causing increased vertical displacement.
- Initial temp variation was significant for Hygienic wax vertical displacement increased at 121 degrees and with double-thickness of wax. 
- Water storage produced greater vertical and rotational changes than air.
- Water storage produced the greatest change and air cooling the least.
- Effects of time were inconsistent. No one storage time is preferred. 

2.  Effects of dimensional change of gypsum materials described by Roraff:
- Least expansion - yellow stone with slurry .0017"
- Most expansion - impression plaster .0056"
- Shim stock .0005"
- Double mount to minimize the mounting discrepancy caused by linear expansion.

3.  Vertical interocclusal error produced by:
- Zinc-oxide eugenol paste - (Super Bite) resulted in open cast relationships.
- Aluwax - most variable and least reliable.
- Silicone putty - least error
- Polyether - least error
Elastomeric’s showed a decrease in vertical with a thicker record and an increase with a thinner record that were statistically significant but perhaps not clinically important.

4.  Fattore evaluated the accuracy of recording materials:
- Two thicknesses of base plate wax - wax rarely registers accurate incisal forms
- Reinforced wax
- The waxes were consistently unreliable.
- Zinc oxide eugenol paste - difficult to modify, dehydrates, cracks, rarely used twice, flash may prevent accurate seating of the casts - second in accuracy.
- Polyether - may cause casts to open, "spring".
- Polyether with a carrier - second in accuracy.
- Polyether without a carrier - most accurate
Distortion occurred more frequently in a vertical direction, followed by an anterio posterior direction.

5.  Gysi listed four methods of "adapting" the articulator:
- plastic material - wax or compound.
- plaster
- extra-oral graphic method with face-bow
- intra-oral dentographic method (after Luce)
- Plastic led to great error. Compound cooled more rapidly were it was thin. 
- An error of 25 degrees was made on the sagittal condylar path.
- Plaster was practicable.
- Extra-oral - most reliable for CR, 5 degrees in the condylar path. 

6.  Balthazar-Hart (1981) examined the accuracy of:
- Zinc oxide eugenol paste 
- Eugenol-free-zinc oxide paste
- Silicone putty
- Polyether registration material
While these materials are similar to impression materials, they have been modified to give them different handling characteristics.
- Eugenol free zinc oxide paste exhibited no statistically significant difference in dimensions.
- With polyether, silicone, and zinc oxide eugenol paste there was a statistical difference between the die and the samples at the immediate reading and throughout the experiment for 168 hours.
- Polyether showed the least difference and zinc oxide eugenol paste the greatest.
- All dimensional changes were negative except for ZOE during the first hour.
- All were less than .02 % after the first hour.

Recording Methods.
1.  What were the methods that Kantor compared in 1973?
     a.  Swallowing or free closure.  Patient was told to swallow and hold, manual guidance was totally avoided.
     b.  Chin point guidance
     c.  Chin point guidance with anterior jig.  To erase the proprioceptive patterns of habitual tooth contact. A wax wafer carries the metallic oxide paste. 
     d.  Bilateral manipulation.  They emphasize the importance of superior placement of the condyles. Little effort is utilized in gaining a posterior placement. The technique employs a specific superior guidance by the dentists finger position. At the same time downward pressure with the thumb attempts to seat the condyles in their most superior position. An attempt is made to obtain an arcing motion of the mandible in its most superior position. They suggest that a posterior guidance from the operator may move the condyles inferiorly.
     i. Free closure or the Myo-monitor produced greatest variability for registering CR. Created the most protrusive positions.
      ii. Bilateral manipulation greatest replicability in 85 % of patients.
      iii. Chin point guidance with anterior jig gave the most posteriorly placed records. Created the most retrusive records. The deconditioning effect of the jig may allow the condyle to retrude where it is influenced by the posterior slope of the fossa, causing an inferior drop. Condylar drop may be associate with records made by this method. 
     iv. Chin point guidance showed less consistency than bilateral manipulation.
          Variability results:
          Swallowing .4 mm
          Myomonitor .38 mm
          Chin point guidance .14 mm
          Chin point guidance with a jig .07 mm
          Bilateral manipulation .05 mm 

CR can be located by any one of many techniques, however there is variability in the results obtained by any technique.

Does reproducability mean that it is correct? Not according to Atwood.

2.  Kapur evaluated CR techniques in 1957. He found that intraoral tracing and extraoral tracing were more consistent as compared to the wax registration method.
- "Flabby"ridges caused less consistency for the intra and extraoral methods.
- Wax showed the most consistency on flabby ridges.
The mean deviation in mm of all three methods approached .2-.4mm, which is barely perceptible clinically.

3. Reproducibility of CR in three dimensions was evaluated by Hobo in 1985. 
     Techniques evaluated were :
       Unguided closure
       Chin point guidance
       Bilateral manipulation 

     a. .2-.3 mm of maximum condylar displacement was recorded by the three centric relation registration methods.
     b. Bilateral manipulation showed most consistent reproducability.

- Condylar positions obtained by bilateral manipulation and guided closure were similar anteroposteriorly and superoinferiorly.
- Unguided closure revealed appreciable lateral displacement, which indicates that muscular position is less reproducible laterally, and condylar displacement can be expected.
- Chin point guidance placed on the condyle may result in harmful effect on the bilaminar zone, and inferior displacement may cause an occlusal discrepancy.

4.  Comparison of articulator mountings to MRI was done in 1993.
- The articulator analysis of CO and CR is statistically replicable.
- Condylar concentricity was observed in half of the sample and remained constant in the other half in retruded, CO, and CR. Therefore the diagnosis of health on the basis of concentricity is not supported by the present data.
- 13 % demonstrated anteriorly displaced discs that were not influenced by posterior condyle placement. 
- The concept of treating to CR as a preventive measure to improve disc-to-condyle relationships was not supported by this study.

III. Technique and Materials 
1. Lucia Jig for recording CR 1964. 
- To eliminate patient engram, reflex closure determined and guided by the teeth. The proprioceptive mechanism determines the path of mandibular closure.
- Importance for periodontally involved teeth? Unless CO occurs when the mandible is in CR there will be strain on the periodontal tissues from a fulcrum effect on the teeth instead of the condyle.
- Split cast to verify CR.
- Split cast to verify hinge axis using different VDO’s.
- Train the patient to hinge in upper rearmost position.
- Do not let the teeth touch. 
- Scribe a gothic arch on the jig.
- Wax wafer 

2.  Gothic arch apex relation to dentist assisted CR:
- Many argue that the posterior position of the mandible locate with firm pressure by the thumb on the mandible may be less variable than the Gothic arch apex and thus be more reliable as a reference position for occlusion.
- Myers in 1980 found no evidence to support the contention.

3.  Woelfel leaf gauge (1986):
- A thin flexible wafer is customized. Used with its leaf gauge it helps to guide the mandible superiorly and posteriorly and to maintain the desired minimum vertical opening.
- The system uses a thin .15-.32 anatomically shaped partially perforated card laminated on both sides with .0015 inch Mylar. Each wafer has a combination slot handle for holding a new disposable leaf gauge. The slot tab, when bent down provides the necessary vertical separation for the wafer posteriorly in addition to the amount provided by the leaf gauge. The recording material of choice is polyether, next is zinc oxide-eugenol paste. 
- The leaf gauge of minimum incisor separation is necessary to prevent posterior tooth contact and negate an adaptive closure pattern (engram).The patient will close in the back and hold the leaf gauge firmly. The gauge is centered at a 45 degree posterior upward slope. For centric registration procedures, the vertical dimension should be opened by the leaf gauge 2-4 leaves beyond the first premature tooth contact. The leaf gauge assembly is positioned in the mouth and the dentist guides the mandible until the lower incisor engages the tab on the wafer beneath the leaf gauge. The paper leaf gauge is narrower and more solid than the plastic leaf gauge and thus forms a better anterior leg of the tripod with the two condyles on patient guided terminal hinge closures.

Advantages: economical, anatomically designed, accurate, easy to use, disposable.

4.  Ziebert in 1984 described a technique for stabilized baseplate interocclusal records for partially edentulous arches with prepared teeth.
- Make an impression of the prepared teeth.
- Cover the preps with putty on the lingual and incisal to give 1-2 m of relief, cover ridges with foil.
- Resin is adapted over the teeth (1-2 mm over the facial surfaces of the anterior teeth) and ridges. 
- Apply adhesive to the ridge areas of the resin and reline the ridges of the baseplate on the working cast.
- Reline the part of the resin that covers the teeth intraorally with bite registration paste. This will provide a stable recording base.
- Adjust the occlusal rim to contact the opposing arch evenly at the anticipated VDO. 
- Make the vertical and CR record with wax or registration paste on the occlusal surface of the baseplate.
- Protrusive and lateral records can also be made. 

5.  Christensen described preserving a centric stop for interocclusal records particularly when the distal abutment is the last tooth in the arch. The author relates the working casts at the proper VDO by using a distal tooth as a vertical stop. Around the selected centric stop, leave an island of enamel. Prepare the tooth with the enamel left on the cusp tip. Index the island with a 34 bur. Make final impression. Remove the enamel island. 
- Articulate the casts with the island.
- Remove the island from the die.
- Fabricate the unit.

IV. Muscle Action and Tissue effects on CR. 

1.  Lundeen studied the effect of muscle action on CR records in 1974.
- First method involved using manual chin guidance to position the mandible in the terminal hinge position with both heavy and light contractions of the muscles to seat the condyles superiorly.
- Second method employed the Myo-Monitor to stimulate muscle contractions. 
- Records were compared using the Buhnergraph.
      3 records were compared:

i.  Metal reinforced Aluwax, anterior stop chilled in ice water, posterior softened at 105 degrees. Imprints made in softened wax. This was classified as a heavy type of muscle contraction.
ii.  Acrylic resin jig was made, apex of gothic arch tracing was identified. Fiberglass mesh frame with ZOE impression paste was used to complete the record. The muscle exertion was fairly light.
iii.  Resin material was used to record the imprints, while the Myo-Monitor unit stimulated rhythmic contractions.

- Aluwax showed the greatest number of superior condylar positions.
- Acrylic jig CR was inferior to Aluwax by .5 mm on the left and .4 mm on the right. These were the closest to the hinge axis of the articulator. 
- Myo-Monitor were least consistent. They were inferior to Aluwax 1.75 mm on the left and 2.25 mm on the right.

The differences between # 1 and 2 were due to the muscle contraction. 
- A technique with heavy contraction seems better. However there is some indication that the condyles may not remain in their most superior position following reconstruction. Celenza in 1972 found that a small movement space may recur as a result of tissue changes within the joint. This indicates that a physiologic constant may exist between the occlusion and the condyle-to-fossa relationship which will re-establish itself following the use of the most superior condylar position to reconstruct the patient’s occlusion.
- Gibbs pointed out in 1971 that the condyles may not function as pressure bearing joints in the healthy dentition and introduced the concept of a tooth supported joint. They also suggest that damage to joints can follow the loss of posterior teeth, this could indicate that minimum muscular activity may be more physiologic. 

2.  Strohaver in 1972 compared articulator mountings made with CR and Myocentric position records.
- Methods for making CR records were selected for comparison.
- Forceful guidance, ZOE paste, Lucia 
- Forceful guidance, wax
- Voluntary retrusion, impression plaster
- Forceful guidance by dentist, acrylic resin, Stewart jig
- Myo-Monitor, imprint plastic
- Hand articulation 

Method 1 was least variable, most posterosuperior.

Hand articulation for mounting the mandibular cast was least variable.

Myocentric were the most variable articulator mountings of the six methods, and produced the most anteroinferior (protruded) relationships of the mandibular cast to the axis of the articulator.

3.  Latta, in 1992 studied the influence of circadian periodicity on reproducibility of CR records for edentulous patients. Normal changes such as those resulting from circadian periodicity, have been demonstrated to affect the fit of complete dentures. These same rhythmic changes also affect CR records made for edentulous patients. Patients were divided into three groups and the dentures remounted twice on the same day. Twice in the morning 
- Twice in the afternoon
- Once in the morning and once in the afternoon.
- Compound was used for the record.

The mean change for the AM group was .57 mm, PM group was .675 mm, and for the AM-PM group .932 mm.

The circadian periodicity significantly affected CR records, suggesting that the denture fabrication process should include procedures to accommodate this phenomenon. Treating patients in the middle of the day will dilute the effect of circadian variations but is impractical. Providing occlusal freedom is a possible solution. 

- Abstracts –

11-001. Millstein, P.L. Determination of the accuracy of wax interocclusal registration. Part II. J Prosthet Dent 29: 40-45, 1973.
Purpose: To study the effects of initial heating temperature, initial closing pressure, storage environment, and storage time on the accuracy of recordings made with single and double thickness samples of pink baseplate wax.
Methods & Materials: Two different brands of pink baseplate wax were tested, S.S. White no. 9 and Hygienic extra-tough baseplate wax. One thousand two hundred samples were fabricated on upper and lower dentulous casts. The following factors were varied throughout the experiment: 1. Thickness, 2. Initial heating temperature, 121, 126, and 132 F, 3. Closing pressure, 102, 136, and 172 psi, 4. Storage environment, cold water, room temperature water and air, 5. Storage time and 6. Seating pressure. Both rotational and vertical displacement was measured.
Results: Complete closure was never achieved regardless of the pressures used. The higher the closing pressure the less vertical displacement. Double thickness wax yielded a greater displacement than single thickness wax when lower pressures were used. Storage in water led to greater rotational displacement. S.S. white wax No. 9 offered less resistance to closure than Hygienic wax. The effects of varying storage times were inconsistent.
Conclusions: Exact reproduction of the original wax registration was never achieved. The use of pink baseplate wax as an interocclusal registration will always result in some error.

11-002. Roraff, A.R., and Stansberry, B.E., Errors caused by dimensional change in mounting material. J Prosthet Dent 28:247-252, 1972.
Purpose: To investigate the effect of dimensional change of gypsum mounting materials on the accuracy of articulated casts.
Methods and materials: A dental articulator was modified by adding custom mounting plates with a dial micrometer fixed to the lower plate. Mounting materials tested were Velmix (vacuum mixed), yellow stone (vacuum mixed), impression plaster (hand mixed), yellow stone and 80cc slurry water, (hand mixed), laboratory plaster (hand mixed), yellow stone (hand mixed), and yellow stone and 70cc slurry water (hand mixed). A thickness of 37.5 mm of material was used. Ten samples of each of the seven combinations of materials were measured. 
Results: The mean linear expansion measured varied from 0.0056 inch with impression plaster to 0.0017 inch using 80cc thick empirical slurry. Expressed as a percentage, this ranged from 0.11% to 0.38%. 
Conclusion: Compared to the thickness of 0.0005 inch shim stock, the expansion could be critical. It is suggested by Kingery and Brewer that a two step procedure for articulation be utilized: first, by initially leaving a small thin space between the cast and mounting material, then by filling the space with a second mix after the first mix has set. The reduced quantity of material will not produce as much change in the relationship between the casts as a larger amount of material would.

11-003. Lucia, V. O. A technique for recording centric relation. J Prosthet Dent 14:492-505, 1964.
Problem: The mechanical procedures necessary to relate the mandible to the maxillae present the problem. There is not a single ideal material that we can place between the teeth that would allow the patient to close in a perfect terminal hinge position. This is especially true in patients with strong engrams.
Purpose: To present a technique for recording centric relation.
Materials & Method: Critical steps in the technique are described.
1. Locate the centers of rotation, (a) hinge axis, and (b) centers of lateral rotation.
2. Prepare the upper cast for the split-cast technique.
3. Relate the prepared upper cast to the centers of rotation by means of a facebow transfer.
4. Form the wax wafer tray.
5. Construct and adjust the centric relation jig in order to interrupt the reflex action of the muscles and permit a normal closure of the jaws.
6. Check the wafer and jig to make sure there is no tooth impingement against the wax wafer.
7. Make the interocclusal centric relation records.
8. Trim the interocclusal records with a curved tissue shears having serrations on one blade.
9. Replace the records in the mouth to eliminate any possible distortion of them.
10. Relate the lower cast to the upper cast by means of the interocclusal record and attach the cast to the articulator.
11. Check the accuracy of the mounting by using the second and third interocclusal records and observing the fit of the parts of the split cast.
Conclusion: This method has enabled us to consistently and accurately check one centric relation record against another. The important difference between this procedure and others where anterior stops have been used is that the adjustment of the DuraLay jig is responsible for training the patient to place his mandible in the centric relation. No special skill is required to carry out the procedure, and it can be accomplished by any dentist.

11-004. A Study of Interocclusal Record Materials. Mullick, SC et al. J Prosthet Dent 46:304-307, 1981.
Purpose: To determine the vertical assembly error in articulating dentulous casts on an articulator as affected by three parameters (materials, the distance between the prepared and opposing teeth, and operator variability)
Materials and Methods: Alginate impressions from a patient having a complete dentition were poured in stone and articulated to an articulator using a facebow and mounting rings. Full crown preparations were simulated on all posterior teeth except the upper left dental arch. The articulator, used for making the interocclusal registration, eliminated patient variability. The materials used were Super Bite, Aluwax, Input (silicone putty), Coltoflax silicone putty, Reprosil (silicone putty), Flexane silicone putty, and Ramitec (a polyether)
     For all materials, the first measurements were made with the articulator closed before removal of the record. The upper member of the articulator was disassembled, the interocclusal records were trimmed, and the articulator base with the lower cast and assembly was returned to the measuring stand for second measurements.
     Three operators repeated the tests (10 times) for every material on both the right and left sides. Two operators were experienced dentists and one was a dental student. 
Results and Discussion: The difference between the first and second readings, were errors that were due to material or operator variability,. 
     Aluwax (extremely open to closed relationships of the mounted casts)
     Super Bite (extreme variability)
     Elastomerics (easy to manipulate, little resistance to closure, accurate cast reproduction)
     Both the Aluwax and the Super Bite were disqualified by Cochran’s Test from
     the ANOVA due to extreme variabilities.
Conclusions: Aluwax was the most variable and least reliable of all materials.
Super Bite consistently resulted in open cast relationships. The five elastomers resulted in the least amount of errors. The two different thicknesses of elastomeric records resulted in statistically significant mounting discrepancies. The overall average showed that the inexperienced student performed as well as the two experienced dentists. 
11-005. Lundeen, H.C. Centric relation records: The effect of muscle action. J Prosthet Dent 31:244-251, 1974.
Purpose: To compare condylar positions obtained by two methods of making interocclusal centric relations records.
Methods & Materials: Stone casts were fabricated for 8 dentate adults. Hinge-axis points were located and a hinge-axis facebow used to transfer records to Whip-mix articulator. The mand. cast was articulated with a CR record. The condylar posts of the mandibular frame of the articulator were replaced with a bar containing two pointer rods ( Buhnegraph). The pointed rods were collinear with the opening and closing axis dimples on the sides of the condylar housings and opposed graph paper on the outer surface of the condylar housing of the articulator. The axis point of the articulator was used as the basic reference position from which to orient and compare the three types of interocclusal records. The first method was the manual chin guidance. It was keyed by an anterior stop (wax or acrylic). Heavy (Aluwax/record "A") and light (acrylic resin jig-ZOE/record "B") muscle contractions were used to seat the condyles superiorly, while forming imprints of the posterior teeth in keyed records. The second method electrically stimulated muscle contractions using Myo-Monitor (record "C") and a resin recording medium between the opposing occlusal surfaces of the teeth. The tips of the pointer rods were marked on the graph paper with the record supported casts. Photographic enlargement was used to study the various recorded average condylar positions.
Results: 
     the "A" records showed the greatest number of superior condylar positions.
     The "B" records were located inferiorly to "A".
     The "C" records were the least consistent.
     The "B" records were closest to the hinge axis of the articulator.
The difference between the condylar positions obtained with the "A" and the "B" records are explained in terms of the magnitude of muscle contraction: ZOE requires several minutes to harden and it id difficult for the patient to maintain heavy muscle contraction throughout. If the treatment objective is to develop a new occlusal relationship to coincide with the most retruded and superior condylar position a centric relation technique employing heavy muscle contraction will be helpful
Conclusion: The Buhnegrph device was shown to be an excellent method for comparing condylar positions obtained from various types of interocclusal records.   

11-006a and b. Kantor, ME, Silverman, SI, and Garfinkel, L. Centric relation recording techniques. A comparative investigation. J Prosthet Dent 28:593-600, 1972. J Prosthet Dent 30:604-606, 1973.
Purpose: To investigate the variability of centric jaw relation records obtained utilizing different clinically acceptable techniques that are currently (1972) in use.
Discussion: (technique evaluation) 
Swallowing or free closure: Advocated by Shanahan. A preformed wax wafer was held in position against the maxillary teeth and the patient was instructed to "swallow and hold." Manual guidance was totally avoided. There was no contact between the dentist and the patient.
     Chin-point guidance: Described by McCollum. Also advocated by Kornfeld, Thompson, Aull, and Sloan.
     Chin-point guidance with anterior jig: Described by Lucia. He felt an inclined plane attached to the maxillary incisors would help to fully seat the condyles in their fossa and aid in record making. The anterior jig was made to separate the teeth minimally and , if possible, to erase the proprioceptive patterns of habitual tooth contact.
     Bilateral manipulation: Used by those who adhere to the functionally generated path technique. They emphasized the placement of the condyles in a superior position. The technique employs a specific superior guidance to the mandible by the dentist fingers. At the same time, the dentist applies downward pressure with his thumbs, thereby attempting to seat the condyles in their most superior position. Little effort is made to gain a posterior placement. An attempt is made to obtain an arcing motion of the mandible in its most superior position.
     Myomonitor: A technique which uses electrodes to provide impulses to the 5th cranial nerve, as well as to the mandibular division of the 4th cranial nerve.
Materials and Methods: Fifteen subjects with complete dentitions and minimal dental restorations were selected for the study. Ages from 21 to 45. 12 men and 3 women. No patients had a removable prosthesis. Twenty-four centric relation records were made for each patient. Six record of each of the above techniques. Additional records were made using the myomonitor and evaluated. All records used a wax wafer with a metallic-oxide paste. Cast were made of each patient and articulated with a face bow record. Attached to the upper member was a fixed scribe which when lowered recorded a specific point on an interchangeable plate. The interchangeable plate would be transferred to a microscope and evaluation of the mark in an x and y axis was located at 25x. The six dots were joined to give an indication of the degree to which that specific guidance system was replicable and consistent with the others.
Results: The results are expressed as a median variability for the amount the records deviated from their mean point. Swallowing records deviated 0.40mm. Chin-point guidance records deviated 0.14mm. Chin-point guidance with anterior jig records deviated 0.07mm. Bilateral manipulation records deviated 0.05mm. The myomonitor produced a variability of 0.38mm.
Conclusion: Bilateral manipulation produced the smallest area of displacement of maxillomandibular relation records when compared to the other techniques tested. The most protrusive records were made with the free-closure or myomonitor technique. The most retrusive records were made with the chin-point guidance with an anterior jig

11-007. Kapur, K.K. and Yurkstas, A.A., An evaluation of centric relation records obtained by various techniques. J Prosthet Dent 7:770-785, 1957.
Purpose: To examine various available methods of recording centric relation.
Subject: Although several techniques are mentioned in the article, three are specifically evaluated for comparison purposes: 1) the intraoral tracing procedure (Hardy), 2) the wax registration procedure (Hanau), and 3) the extraoral tracing procedure (Stansbery) 
Methods and materials: A total of 31 patients were utilized. Three interocclusal records were made for each patient. Ridges were categorized as flat, well developed, or flabby. Registrations were compared on a recording tripod and variations were recorded on millimeter graph paper.
Results: The intraoral tracing procedure produced the most consistent results. There was no statistically significant difference between the intraoral and extraoral tracing methods. The wax method seemed to be the least consistent. In patients with flabby ridges, the tracing procedures became less consistent as compared to good and flat ridges. The wax method showed the most consistency on flabby ridges.
Conclusion: The mean deviation in millimeters of all three methods approached 0.2-0.4mm. This amount in the case of an edentulous patient is barely perceptible clinically.

11-008. Myers, M. L. Centric relation records – historical review. J Prosthet Dent 47:141-145, 1982.
Problem: Many prosthodontists feel that recording centric relation is the most difficult, yet the most important step in treating edentulous patients with complete dentures.
Purpose: To review the philosophies and methods of recording centric relation.
Materials and Methods: Historical review.
Discussion: Centric relation is generally defined as the most retruded relation of the mandible to the maxillae when the condyles are in their most posterior unstrained position in the glenoid fossa from which lateral movements can be made, at any given degree of jaw separation. There are four categories of centric relation records: direct checkbite recordings, graphic recordings (intraoral and extraoral), functional recordings, and cephalometrics.

Direct Checkbite Interocclusal Recordings
Phillip Pfaff (1756): first to describe the imprecise "taking the bite" in wax. Also called mush, squash, biscuit bite. 
Christensen (1905): used impression wax.
Greene (1910): mushbite of compound and plaster wash. Occlusal rims added later for stability. Had patients hold mouth open 10 seconds to fatigue muscles. Invented the "Pressometer".
Brown (1954): recommended repeated closures into softened wax.
Trapozzano: wax checkbite was the technique of choice for recording CR. Light pressure.
Schuyler: modeling compound was preferable because it softened more evenly, cools slower and does not distort as much as wax. Light pressure. Verification of records.
Payne, Hickey, and Boos: plaster is more accurate, less material needed, less pressure.
Hanau: Realeff = resilient and like effect. Concern for equalization of pressure when recording the bite.
Wright: of the four factors, resiliency of tissue, saliva film, fit of bases, and pressure, the dentist cannot control pressure. He therefore advocated zero pressure 
Gysi: plaster is the only accurate material.
Page: centric records were worthless the instant the surfaces are altered.

Graphic Recordings
Balkwill (1866): Gothic arch tracing. Hesse (1897): "needle point tracing". Gysi (1910): extraoral incisal tracer on maxillary rim traced onto the tracing plate attached to the mandibular rim.
Phillips developed a plate for the upper rim and a tripoded ballbearing mounted on a jackscrew for the lower rim. The occlusal rims were removed and softened compound was inserted between the trial bases. This innovation was called the "central bearing point" which supposedly produced equalization of pressure on the edentulous ridge.
Stansbery (1929) used a curved plate corresponding to Monson’s curve mounted on the upper rim. A central bearing screw was attached to a lower plate with a reverse-Monson curve. Plaster was used to form the centric registration.
Hall (1929) used the Stansbery’s technique but substituted compound for the centric relation record. 
Hardy and Pleasure the intraoral tracer called the Coble Balancer.
Robinson designed the Equilibrator with a hydraulic system and four bearing pistons.
Silverman used the intraoral Gothic arch tracer to locate the biting point of a patient.
Hanau conceded that Gysi tracing was satisfactory to check records, but that universal usage was not good. Tench stated that the Gysi tracing technique was the only means of recording CR. (5-degree error vs. 25-degree error of wax and compound).
Criticism of Gothic arch tracings: equal pressure unattainable, shifting bases, difficult to see, too much patient cooperation needed, sore spots cause eccentric tracings.

Functional Recordings
Greene (1910) Wax occlusal rims and plaster index.
Boos used the Gnathodynamometer to determine the vertical and horizontal position at which a maximum biting force could be produced. His Bimeter was mounted on the lower occlusion rim with a central bearing point against a plate on the upper occlusion rim. Plaster registrations were made.
Shanahan placed cones of soft wax on the mandibular rim and had the patient swallow several times to record centric relation.

Cephalometrics
Pyott and Schaeffer used cephalometric radiographs to record CR and VDO.
This method never gained widespread usage.
Conclusion: In the final analysis the skill of the dentist and the cooperation of the patient are probably the most important factors in securing an accurate centric relation record.

11-009. Fattore, L. et al. Clinical evaluation of the accuracy of interocclusal recording materials. J Prosthet Dent 51: 152-157, 1984.
Purpose: To determine the clinical accuracy of waxes, zinc oxide-eugenol, and polyether dental materials for recording interarch dental relationships. 
Materials and Methods: The study utilized thirty-one patients (25-30 years old) with a full complement of teeth. There were 17 women and 14 men, the criteria included also sparse restorative treatment and adequate occlusal stops, both posterior and anterior.
Irreversible hydrocolloid impressions were made per arch and poured in stone. An arbitrary facebow was used, articulated to a Whip Mix articulator. The lower cast was hand articulated to the upper cast in centric occlusion.
Five types of interocclusal records were made of each patient, (1) baseplate wax (two thicknesses) (2) reinforced wax - Copruwax (3) ZOE paste - Kerr bite registration paste (4) modified, nonrigid polyether recording medium - Ramitec with a carrier (Coe Bite registration tray (5) polyether without a carrier.
All measurement of the four recording mediums, were compared with that of the hand articulated full arch models in centric occlusion. 
The position of the hand-articulated mandibular casts with the maxillary casts were recorded on graph paper (using a Buhnergraph attachment that replaced the condylar spheres). This process was repeated when the interocclusal record was placed between the two casts. Measurements of the right and left condyles were recorded for each interocclusal record. Any measurements that deviated from the pre-established centric occlusion position in a vertical, anteroposterior, and declination-rotation direction were noted. The Buehnergraph could not accurately determine lateral movement.
Results and Discussion: When waxes were compared with other recording mediums they were inferior, but still are popular due to cost and ease of manipulation.
ZOE paste is reliable , but it dehydrates, cracks and tends to stick to teeth. (only a minimal amount of ZOE paste is advised)
Polyether is an accurate interocclusal material. However, if improper technique is used, there is a "spring" to this material than can cause an error, ie. the casts to "open" in centric occlusion. Polyether should also be used sparingly avoid excess inaccuracies. 
Conclusions: The most accurate interocclusal recording medium was the polyether without a carrier. Next were the polyether and ZOE pastes with carriers, but this required a very disciplined technique. Recording waxes were consistently unreliable.
Distortion occurred more frequently in a vertical direction, followed by an anteroposterior position

11-010. Myers, M., Dziejma, R. and Goldberg, J. Relation of Gothic Arch Apex to Dentist-Assisted Centric Relation. J Prosthet Dent 44:78-81, 1980.

Purpose: To compare centric relation position utilizing a gothic arch tracing and a patient unassisted recording versus a dentist-assisted recording. 
Methods & Materials: Twenty-two subjects between the ages of 20-30 had clutches fabricated to produce a gothic arch tracing at a specific vertical dimension of occlusion for each subject. Subjects were seated in a dental chair to orient Frankfort horizontal plane parallel to the floor. Three investigators measured recordings independently. Each subject had consecutive gothic arch tracings done on the first and seventh days. The unassisted recording was done first, and measurements were completed. The clutch plate was painted over with draftsmen fluid, the clutches were placed in the patient’s mouth, and the dentist-assisted the jaw movement posteriorly with thumb and forefinger on the patient’s jaw. 
Results: The dentist-assisted position was posterior to the unassisted position in 9 of 22 subjects on the first day and the seventh day. Out of the 9, only 4 subjects showed the dentist-assisted position posterior to the unassisted position on both days. The dentist position varied from the first to the seventh day in 20 out of 22 subjects. The unassisted position varied in all 22 patients. Results showed no statistically significant difference in the reliability of one method over another. 
Conclusion: No evidence to support the contention that the dentist-assisted jaw relation is more reproducible than the gothic arch apex tracing. 

11-011. Strohaver, R. A Comparison of articulator mountings made with centric relations and myocentric position records. J Prosthet Dent 28: 379-390, 1972.
Purpose: 1) To determine the precision of mandibular cast mountings made by several dentists utilizing four different techniques, 2) to determine whether consistent articulator mountings of a mandibular cast could be made using a myocentric position records using a Jenkelson myomonitor, 3) to evaluate the precision by which mandibular cast mountings could be made using the hand articulated maximum intercuspation method, 4) to compare the relative reproducibility of the jaw relationships produced on the articulator by each of these six methods.
Materials and Methods: A single subject with healthy dentitions and a healthy masticatory system was used for the entire study. The subject’s hinge axis was located by using the Stuart head frame and reference plate assembly kit. An accurate set of impressions were made and casts were poured up in die stone. Holes were drilled into the cast and nine stainless steel rods were inserted as reference points for measuring. The rods were positioned so that when the casts were mounted the ends of the rods would form triangles in the frontal plane and the right and left sagittal planes. Five triangles were formed by the rods with each other and with the hinge axis on the articulator using this method. The maxillary cast was mounted to a Hanau OSU model 130-28 articulator by means of a kinematic facebow transfer. Four centric relation recording methods were used for relating the mandibular cast to the mounted maxillary cast. The first method (method Z) used a zinc oxide and eugenol paste as the recording material and also involved the use of a Lucia jig for use as an anterior deprogrammer. The second method (method W) used Aluwax reinforced with Ash’s metal. The Aluwax record used an anterior stop also made in Aluwax to prevent contact of teeth. The third method (method P) involved the use of impression plaster as the recording material and no forceful guidance of the mandible is used. Instead the patient is asked to pull his lower jaw back as far as he can and close into the recording material. The fourth method (method A) uses acrylic resin as the recording medium and the end of a tongue blade or Popsicle stick is inserted between the incisors as the subject closes into the recording material and the dentist pries slightly downward and backward to encourage posterior closing. Method M is the myocentric position which is made using the Jankelson myomonitor. Recording material is imprint plastic. The last method (method O) is hand articulation of the cast into maximum intercuspation. Method O was basically a control group for this study. Three guests (Dr. Huffman, Dr. Boucher, and Dr. Stuart) were invited to make a series of three records by each of the methods of centric relation records using these methods described and an additional series of three records using their preferred method: method Z for Dr Huffman, method P for Dr Boucher and method A for Dr Stuart. Casts were mounted and measurements were made. 
Results: Method Z produced the least variability in the mountings made. Method Z also produced the most posterior-superior relationship of the mandibular cast to the hinge axis. The least variable of all methods for mounting casts was method O. Myocentric (method M) produced the most variability of all mountings. Method M also produced the most anterior-inferior relationship of the mandibular cast to the hinge axis.
Conclusion: the most retruded articulator mountings were also the most precise in this study. This retrusion involved forceful manipulation by the dentist.

11-012. Gysi, A., DDS, Practical Application of Research Results in Denture Construction, JADA 16, pp.199-223, 1929.
     If we are given the rotation points for the right and left lateral bites and the protrusive movement, we can determine by purely scientific methods(without sharks teeth), the size and inclination of each facet of each tooth.
What determines interdentation? The exact interdentation of the bicuspids and molars during the masticatory movements is determined by the movements of the three main points of the mandible, that is, the two condyles and the incisor point. Movements toward the right and left, when traced by the mandible on a recording plate, forms the gothic arch.
     In the edentulous patient, the inclination of the incising or protrusive movement is entirely lost, whereas all other movements still exist as if natural teeth were present. We can vary this lost inclination at will on the articulator.
     Any alteration of the height of the bite is a chair operation and not a laboratory operation. If the height of the bite is to be changed, it is better to do it at the chair, then to detach one cast from its support and reattach it in a new position, than to seek to change the bite by lengthening the incisor pin or by any other similar method.
m    Relative importance of the movements:
- The record of the lateral movements of the mandibular incisor point is the most important of all records of movements and the sagittal inclination of the condyle path is the next most important. It is sufficient if the articulator reproduces an average lateral condyle path of about 15 degrees.
- We need not register the working movement of either condyle, because, in the horizontal plane, this is controlled by the balancing movement of the opposing condyle and the lateral movement of the incisor point.
Four methods of adapting the articulator:
     plastic material
     plaster
     extra-oral graphic method (with face-bow)
     intra-oral dentographic method (after Luce)
     Plastic material, wax or compound, led to great error. Compound cooled more rapidly where it was thin than where it was thick, and made unequal pressure on the bite rims.
     An error of 25 degrees may be made.
     Plaster material as a checkbite method is practicable. 
     The extra-oral method registers both the gothic arch and the sagittal condyle path inclinations. When the registering point is in the angle of the gothic arch, the mandible is in centric relation to the maxilla for this height of bite. This is considered the most reliable method of establishing centric relation. 
     The included angle of 120 degrees is the average. If the gothic arch is registered farther from the incisor point, the included angle will be greater. As intercondylar distance increases, the gothic arch angle gets smaller. The tracing will control the lateral movements of the incisor point, it will locate the axes for the lateral movements of the denture in approximately identical positions with the axes established by the natural dentition. After centric relation, this is perhaps the most important adjustment in denture construction.
     A gothic arch of 100 degrees requires the formation of relatively steep facets on the teeth.
     120 degrees requires facets with average inclinations.
     140 degrees requires facets with less than average inclinations.
     An error of 5 degrees may be made with this method.
     Condyle path in relation to the occlusal plane varies from 0 to 50 degrees. In most cases it is about 30 degrees. 
     Bennett angle of 0, 12, and 24 degrees do not differ in the least in their cusp angulations. The errors that might result from differences in the inclination of this movement are smaller than the unavoidable errors made during impression making and bite taking, setting up the teeth and the flasking and vulcanizing process. Therefore, we need not trouble ourselves, provided the articulator allows an average angle of 15 degrees. 
     The gothic arch variation, on the one side, is from about 50-70 degrees, a range of 20 degrees, while the condyle path may vary from 0-50 degrees.
      The lateral movements of the incisor point are more important than are the lateral movements of the condyles, because they can be more accurately recorded and are more effective in adjusting the articulator. It is desirable that the articulator resemble the mandible in having lateral variability at the incisor point. The lateral variability at the condyles is not important.
     Errors in the lateral incisor path are important than errors in the lateral condyle path. Second molars are about half-way between the incisor point and the condyles, so that practically all of the teeth lie in the half of the mandible adjacent to the incisor point and are strongly influenced by its lateral movements, while the condyles are so far away that they influence the lateral movements of the teeth little, and control by the incisor point renders that slight influence wholly negative.
     The importance of mounting casts correctly:
     The distance above or below the occlusal plane is less important than the distance from the intercondylar axis. To far forward will decrease the cusp height. To far backward will increase the cusp height. If the condyle path and incisor path are identical, it makes no difference where the casts are mounted, high, low, front or back.
     We should not depart greatly from the sagittal inclination of the patient’s condyle path in the articulator if we desire good articulation. We must establish a much flatter sagittal inclination of the incisor path than the patient had with his natural teeth. There will be a wide divergence between these two path inclinations, and this necessitates the use of a face-bow. 

11-013. Latta GH Jr., Influence of circadian periodicity on reproducibility of centric relation records for edentulous patients. J Prosthet Dent 1992 Nov;68(5):780-3.
Purpose: To evaluate the effect of circadian periodicity on the reproducibility of centric relation records for edentulous patients.
Materials and Methods: Complete dentures were made for 30 edentulous patients. The patients were divided into three groups and the dentures were remounted twice on the same day in a Denar Vericheck instrument.
Discussion: The dentures for 10 patients were remounted twice in the morning (AM group), for 10 patients twice in the afternoon (PM group), and for 10 patients once in the morning and again in the afternoon (AM-PM group). Changes in position between the interocclusal records were measured on both the right and left horizontal X and Y axes and the sagittal Y and Z axes.
Results: No significant changes were noted when horizontal versus sagittal or right versus left positions were compared, but significant changes were noted between the AM versus AM-PM time groups, and between the PM versus AM-PM time groups. The mean variability for the AM group was .577 mm, for the PM group was .675mm and for the AM/PM was .932mm. 
Conclusions: Circadian physiologic changes can have an effect on the fit of complete dentures and on the occlusion of complete dentures. The author suggests fabricating complete dentures during the middle of the day could help by averaging out theses circadian effects. It may not be practical, so another solution may be to include additional occlusal freedom to accommodate for this circadian change.

11-014. Hobo, S. Reproducibility Of Mandibular Centricity In Three Dimensions. J Prosthet Dent 53: 649-654, 1985.
Purpose: To evaluate different techniques of condylar positioning and record the amount of displacement of the condyle in three dimensions with a newly developed electronic mandibular recording system.
Methods & Materials: Ten adults with complete dentitions and minimal restorations and no history on TMD were selected as participants. A system for measuring the 3 dimensions of mandibular movement consisted of 3 dimensional optical sensors, a point light source, stainless steel upper and lower clutches, and altitude meter, and a microcomputer. The centric recording techniques used in this study were: 1. Unguided closure, 2. Chin-pointed guidance, and 3. Bilateral manipulation.
     At least three measurements were produced with each technique, for a total of nine readings for each subject, and performed by one dentist.
Results: The bilateral manipulation technique produced the most consistent data. There were statistical differences between chin-point guidance and unguided closure and bilateral manipulation. 
Conclusions: Approximately 0.2 to 0.3 mm of maximum condylar displacement was recorded by three centric relation record techniques. Bilateral manipulation showed the most consistent reproducibility and is recommended for centric relation records. Condylar position obtained by bilateral manipulation and unguided closure technique were similar anteroposteriorly and superoinferiorly . Unguided closure revealed appreciable lateral displacement, which indicates that muscular position is less reproducible laterally, and condylar displacement can be expected. Chin-point guidance placed the condyle posteriorly, inferiorly, and right-laterally and is not recommended.

11-015. Woelfel, J. B. New Device for Accurately Recording Centric Relation. J Prosthet Dent 56:716-727, 1986.

Purpose: To describe a new technique using the O. S. U. Woelfel Leaf Wafer.
Methods & Materials: Centric relation is recorded using a thin, flexible perforated wafer with a thin mylar coating on both sides. A leaf gauge is used to provide minimum incisor separation necessary to prevent posterior tooth contact (to prevent an adaptive closure pattern or engram). An interocclusal recording material such as ZOE is placed on both sides of the wafer and the patient closes unassisted into CR position. The material can be trimmed and verified intraorally. The record should be used within 15 minutes to prevent dimensional changes with the recording material. 
Results: Advantages of a leaf gauge include: patient unassisted closure in CR, periodontal ligament proprioception is eliminated, and potentially negates patient’s engrams. 
Conclusion: Method is quick and easy for the patient and multiple records can be made. May be a concern that the recording is made with patient’s head tipped back and the leaf gauge is not a flat plane for the incisors to occlude against. Potential that the record obtained is not a superior anterior position. 

11-016. Alexander, S. R., et al. Mandibular Condyle Position: A Comparison of Articulator Mountings and Magnetic Resonance Imaging. Am J Orthod Dentofacial Orthop 104:230-239, 1993.

Purpose: Compared commonly used articulating mounting techniques and Magnetic Resonance Imaging (MRI) 
Methods & Materials: Twenty-eight men, 22-35years old with Class I occlusions and no history of TMD dysfunction. Records taken were: Manipulated Retruded position (RE), leaf gauge-generated Centric Relation (CR), Centric occlusion (CO), and MRI evaluated jaw positions and anatomic relationships. The mandibular position indicator of the SAM articulator was used to determine reproducibility of CR. 
Results: The articulator analysis of CO and CR is statistically replicable. Condylar concentricity was observed in half of the sample and remained consistent in RE, CO, and CR. Of the sample 13% demonstrated anteriorly displaced disks that were not influenced by posterior condyle placement. The clinical concept of treating to CR as a preventive measure to improve disk-to-condyle relationships was not supported by this study.
Conclusion: The data did not support distinct condylar positions for RE and CR and do not suggest CO and CR are coincident. MPI data failed to correlate statistically with MRI data possibly due to lack of sharp demarcation of cortical bone on the MRI reducing the accuracy of measurements. The premise that the leaf gauge established CR may not be accurate. 

11-017. Ziebert, G J and Balthazart-Hart, Y. Stabilized base plate technique for interocclusal records. J Prosthet Dent 52: 606-608, 1984.
Purpose: To present a technique of recording centric and eccentric jaw registrations that can be accurately transferred to the working cast.
Materials and methods: The technique described was used for recording accurate maxillomandibular jaw relations intraorally at the predetermined VDO with the few remaining teeth of partially edentulous arches prepared. The materials and methods used were similar to a record base technique of recording VDO on partially dentate arches but with few minor modifications.
Conclusion: The technique provides for accurately recording maxillomandibular relation when there are few teeth and interach stabilization is difficult to achieve.

11-018. Christensen, L.C., Preserving a centric stop for interocclusal records. J Prosthet Dent 50:558-560, 1983.
Purpose: A technique article describing a method of preserving existing centric stops to relate working casts for a fixed partial denture
Subject: A single patient presentation is made where the patient has the distal abutment for a fixed partial denture as the last tooth in the dental arch. 
Methods and materials: Preoperatively, centric stop(s) are marked with articulating paper. Index grooves are cut around the selected centric stop to leave an "island’ of enamel. Prepare the remainder of the tooth, indexing this island at the desired depth of preparation with an inverted cone bur. Make the final impression. Remove the enamel island, and deliver the provisional restoration. Articulate the master cast, then remove the "island" from the die. Fabricate the restoration in an appropriate conventional manner.
Results: The patient’s centric stop is used as a guide to relate the working casts.
Conclusion: The technique reduces the possibility of dimensional changes and inaccurate cast relationships often observed with conventional materials.

11-019. Balthazar-Hart, Y. et al. Accuracy and dimensional stability of four interocclusal recording materials. J Prosthet Dent 45:586-591, 1981.
Problem: Few studies have been made on four materials used to record maxillomandibular relationships. 
Purpose: To examine the accuracy and dimensional stability of zinc oxide-eugenol paste, eugenol free zinc oxide paste, silicone elastomer, and polyether elastomer in a controlled laboratory environment.
Material and Methods: 5 samples of each material were studied. After mixing, the material was carried to a Teflon die. The die was inverted onto a 2 x 2 inch square glass plate and covered with a polyethylene sheet. Hand pressure was applied for 5 seconds to express material. The die was submerged in a 32-degree water bath to simulate open mouth conditions. The dies and materials were separated and the 2 parallel line markers were measured at six different times.
Results: The eugenol free-zinc oxide paste exhibited dimensional stability for the 168- hour period. Each batch of the polyether, silicone, and zinc oxide-eugenol paste exhibited a statistical difference between the die and its respective sample. Polyether was the second most accurate and stable material. 0.3% shrinkage after 24 hours. Zinc oxide-eugenol paste was the least accurate of the materials tested. Silicone putty is not recommended due to initial inaccuracy and because its rate of contraction precludes storage of the registration.
Conclusion: The eugenol free zinc-oxide paste is the most accurate. The remaining three materials had a statistical difference between the die and the respective samples. 

