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Section 08: Articulators III – Fully Adjustable
(Handout)

Definitions: 

-articulator n: a mechanical instrument that represents the temporomandibular joints and jaws, to which maxillary and mandibular casts may be attached to simulate some or all mandibular movements-usage articulators are divisible into four classes Class I articulator: a simple holding instrument capable of accepting a single static registration. Vertical motion is possible - see NONADJUSTABLE A. Class II articulator: an instrument that permits horizontal as well as vertical motion but does not orient the motion to the temporomandibular joints. Class III articulator: an instrument that simulates condylar pathways by using averages or mechanical equivalents for all or part of the motion. These instruments allow for orientation of the casts relative to the joints and may be arcon or nonarcon instruments- see SEMI-ADJUSTABLE A. Class IV articulator: an instrument that will accept three dimensional dynamic registrations. These instruments allow for orientation of the casts to the temporomandibular joints and simulation of mandibular movements--see FULLY ADJUSTABLE A., FULLY ADJUSTABLE GNATHOLOGIC A.

-fully adjustable articulator: an articulator that allows replication of three dimensional movement of recorded mandibular motion- called also Class IV articulator.

-fully adjustable gnathologic articulator: an articulator that allows replication of three dimensional movement plus timing of recorded mandibular motion- called also Class IV articulator.

Developmental History (of the fully adjustable articulator)

What group was devoted to the study of the physiologic movement of the jaw and was instrumental in the development of the fully adjustable articulator? Gnathological Society of California (Contino, p68)
Led by researchers such as McCollum, Stuart, and Stallard the gnathologists studied mandibular movement in three dimensions, and developed what we know as the pantograph. Great efforts were then directed to develop a sophisticated three-dimensional adjustable articulator that would accept and reproduce the measurements recorded by the pantograph.

The Denar system was developed by Guichet. What was one of his purposes in developing this system? 

Guichet's efforts aimed to simplify the pantograph and bring gnathology into every dental office. Guichet also advocated overcompensation of the gnathologic instrument settings to provide increased disclusion. 

The development of the TMJ articulator, as discussed by Wipf, used a stereographic method of recording mandibular movement. This was actually a modification of an engraving method introduced to dentistry by Warnekros in 1892 and later taught by House and Needles. What two elements of the system allow vertical dimension to be maintained during the recording procedures?

A central bearing screw in the mandibular clutch and a central bearing plate in the maxillary clutch. (Wipf p 271)

(for more information, see Becker and Kaiser, Evolution of Occlusion and Occlusal Instruments JPROSTH 1993; 2:33-43, included in Articulators I seminar)

Characteristics of the fully adjustable articulator (see Weinberg)

What are three essential requirements of a gnathologic system? To maintain the same relationship of the pantographs to the styli as the transfer is made from the patient to the instrument. 2. The instrument must be three-dimensionally able to accept the records. 3. The final casts must be articulated in exactly the same relationship to the motion recorded as it occurred in the patient. (Weinberg p1042)
What features should we expect to find on the fully adjustable articulator? Adjustable intercondylar distance, horizontal and vertical condylar adjustments, either a curved or straight horizontal condylar guide, Bennett guide adjustment, and provision for Fischer's angle (Beck p630)
Pantograph/Stereograph Utilized for the conveyance of information from the patient to the articulator.

Definitions 

pantograph: an instrument used to graphically record in one or more planes, paths of mandibular movement and to provided information for the programming of an articulator

pantographic tracing: a graphic record of mandibular movement in three planes as registered by the styli on the recording tables of a pantograph; tracings of mandibular movement recorded on plates in the horizontal and sagittal planes.

stereograph: n. an instrument that records mandibular movement in three planes. Engraving, milling, or burnishing the recording medium by means of styli, teeth, abrasive rims, or rotary instruments obtains the record. 

stereographic record an intraoral or extraoral recording of mandibular movement as viewed n three planes in which the registrations are obtained by engraving, milling, or burnishing the recording medium by means of studs, rotary instruments, styli, teeth, or abrasive rims.

Is it always necessary to locate the kinematic hinge axis?

Precise location of the hinge axis offers no advantage when centric relation is recorded at the vertical dimension of the restoration. If the treatment requires centric relation be recorded at other than the vertical dimension of the restoration, a kinematic hinge axis should be located. (Guichet p248-9, Weinberg p1044)

What should be used for an anterior point of orientation (third point of reference)?

The anterior point of orientation can be completely arbitrary in a three dimensional system of recording, but must be accurately and consistently used for orientation. (Weinberg p1044-45)

Shields and Clayton investigated a possible relationship between TMJ and muscle dysfunction and the ability to reproduce pantographic border tracings, (which was quantified by means of a pantographic reproducibility index- PRI) What was their conclusion? The PRI can be an aid to the detection of TMJ dysfunction and muscular incoordination, and can be used to assess the severity of dysfunction. 

Types of fully adjustable articulators 

Stuart (Stuart) Describe the relationship between the styli and recording tables for the pantograph used with the Stuart articulator. The recording styli are attached to the mandibular frame element, while the recording tables are attached to the maxillary element. Thus the recording styli move with the mandibular element, while the recording tables remain stationary.

Denar (Guichet) Describe the relationship between the styli and recording tables for the pantograph used with the Denar articulator. The recording styli are attached to the maxillary frame element, while the recording tables are attached to the mandibular element (the reverse relationship compared to the Stuart) Thus the recording tables move while the styli remain stationary. 

TMJ (Wipf, Swanson) Four styli on maxillary clutch inscribe four "diamond shaped" tracings on acrylic added to mandibular clutch.

Swanson describes a technique for fabrication of a complete denture on a TMJ articulator. What is used instead of clutches in the edentulous patient? The actual final maxillary and mandibular impressions. The TMJ clutch forming bite fork is used to make the recording platform on the tray of the mandibular impression, and the central bearing screw is attached. The four studs are placed in preplanned canine and molar areas on the maxillary impression tray, along with the central bearing plate. (p499-500)

What are the advantages of using the TMJ articulator for complete dentures? What are the disadvantages?

Selection of an articulator or Why use the fully adjustable instrument?

Accuracy (Stuart, Weinberg)

According to Stuart, what should be the goal of the fully adjustable articulator?

It should be able to "reproduce" without compromise, the border and habitual physiologic movements of the patient. (Stuart p221)

Which aspects of the movements of the rotating (working) condyle does Stuart indicate should be addressed?

How far the condyle travels in its lateral movement, any upward, downward, forward or backward component, and the timing of the movement (Mandibular lateral translation) (Stuart p222-223)

What did McCollum think about the importance of properly recording mandibular lateral translation (Bennett movement)?

He felt that it had as much or probably more influence upon the articulating surfaces of the teeth than any other component of jaw movement (Weinberg p. 1038)

What did Weinberg think? He indicates that a mathematical investigation supports this view. (Weinberg p. 1038).

Reproducibility (Winstanley, Solberg)

What did Winstanley's experiments conclude regarding the reproducibility of the adjustments of the Denar articulator? He found that most of the articulator adjustments were reproducible with a reasonable degree of accuracy. (p. 671)

Which adjustments did he find were of questionable value? The rear wall and top wall adjustments (p671) Why? The tracings were short and large variations in the settings cause only small deviations of the styli, (p 666)

What effect did familiarity/experience with the technique have on reproducibility? Familiarity increased the accuracy in reproducing the settings. (p.671)

What did Solberg and Clark find regarding the reproducibility of molded condylar controls using a stereographic recording system? They found that the error in the technique appeared to be within acceptable limits. (p. 527) What was the net effect of the error they observed? The error produced a slightly smaller horizontal condylar inclination than actually existed in the"patient" (p. 527)

What effect did familiarity/experience with the technique have on reproducibility? The inexperienced dentist was capable of making acceptable registrations, but had some difficulty in registering maximum Bennett movement. (p. 527)

Did they fabricate the condylar controls with a single mix of acrylic? No, they discarded the single mix technique in favor of the optional reline technique.(p. 526)

Reliability (Beck)

Beck examined whether an articulator (the Denar D5A and the Hanau 130-21) set to a subject's records either positional records (for the Hanau) or a pantographic tracing (for the Denar) accurately reproduced that subject's mandibular motion. A computerized jaw-motion sensing apparatus was used. What type of clutches were used? Ticonium. 

What did he conclude? Both the Denar D5A and the Hanau 130-21 adequately reproduced jaw motion for the 5 subjects tested.

Variability (Coye)

Coye studied the variability (between 7 different dentists) involved in setting a fully adjustable articulator to a pantographic tracing of known parameters. What did he use for a "patient"? A pantographic tracing was made from a fully adjustable articulator arbitrarily set to randomly chosen values (p 460-61)

What were his findings? His analysis showed that there was a statistically significant difference in both the magnitude and variability of the error encountered, but the magnitude of that error was very small.(p464)

What was the effect of these errors on the occlusal surfaces of the teeth? The error was found to be barely perceptible. (p.464)

Potential sources of error (Javid, Manary) 

Javid used static protrusive and lateral interocclusal records to set the condylar guidance angles using two each of Denar D4A, Whip mix, and Hanau 130-28 articulators. What were his conclusions? A comparison of the mean difference of the means of the left and right protrusive condylar guidance readings showed no significant difference between the two Denar articulators, however, there was a significant difference in the Hanau and Whip mix articulators, on the left side only. He concludes the condylar guidances of the Denar are more stable than the Hanau or Whip mix.

Manary examined the effectiveness of the TMJ articulator to reproduce the border movements of a patient model. What did he use for his "patient"? A Stuart articulator. What were his results? On the posterior vertical tables, both the right and left scribings were superior to the patient's (less steep). The right and left protrusive scribings were also consistently superior to the patient model. On the posterior horizontal tables, the right and left scribings were lateral to the patient model scribing (a decreased lateral condylar inclination-Bennett angle)
What effects would these differences have on restorations? Posterior restorations would have a reduced cusp height, and could have an error in cusp-groove orientation (a more acute angle formed by the orbiting and rotating paths of the mandibular molar). (p. 278-9)

What did he find with regards to immediate mandibular lateral translation? The TMJ articulator simulated the "immediate side shift" of the patient. (p. 279)

What was his conclusion? The small difference consistently observed between the pantographic scribings of the patient model and the TMJ articulator suggests that the TMJ system can have significant clinical application. (p. 280)

Summary

The choice of an articulator is dependent upon the patient's occlusal requirements, type of restoration(s) planned, and also the operator's philosophy, ability, and experience.

- Abstracts -

09-001. Stuart, C. E. Accuracy in Measuring Functional Dimensions and Relations in Oral Prosthesis. J Prosthet Dent 9:220-236, 1959.
Purpose: To describe the movements of the mandible and to emphasize the importance of reproducing those border and habitual movements with the articulator.
Discussion: The articulator should suit the anatomy and physiology of the oral organ and not the converse. Movement in the temporomandibular joint can be described as occurring about three axes. The possible movements within the joint with respect to those axes are described. Of the rotating and gliding movements, the latter is the more important and should be faithfully reproduced in the articulator. The mechanics of a mandibular movement recorder, as well as the procedure for transferring the obtained information to an articulator, is described. The Stuart articulator is described and a basic explanation of it's set-up procedure is given.
Conclusion: The use of the fully adjustable articulator is an accurate method of studying mandibular movement which "becomes a fascinating game". Understanding the masticatory system is basic to progressing in our learning in the field of dentistry.

09-002. Guichet, N. E. The Denar System: Its Application in Everyday Dentistry. DCNA 23:243-257, 1979.

I. Anatomical Considerations as they Relate to the Denar System: A brief discussion of the movements of the mandible is presented. How they can be reproduced on the Denar instrument is also presented. When restorations include the last few teeth in the arch, the author feels that the use of the Denar D5A and pantograph is time effective. Treatment sequencing is given for the use of the fully adjustable articulator in the rehabilitation of the posterior dentition.

II. The Denar System
A. Instrument systems

1. Pantograph

2. Fully adjustable articulator (D5A)

3. Laboratory Relator

4. Field Inspection Gage

5. Semi-adjustable articulator (Mark II) 

B. Educational Programs

1. Office Tutor

2. Patient Tutor

3. Protocol for Dentist-Laboratory Relations and Laboratory Support 

09-003. Beck D. B. and Knap F. J. Reliability of Fully Adjustable Articulators using a Computerized Analysis. J Prosthet Dent 35:630-642, 1976.
Purpose: The purpose of this study is:

a. to determine whether an articulator set to a subject's records, accurately reproduces that subject's mandibular motion

b. to compare the accuracy of an articulator set to positional records with one set to pantographic tracings.

Methods & Materials: Five subjects were examined, all of whom had either a full complement of natural teeth or fixed partial dentures. Using ticonium clutches and aluminum pin-and-plate assemblies, mandibular movements were evaluated with a digital computer. Additionally, casts were fabricated and articulated using a fully adjustable articulator with positional records (Hanau 130-21) and a fully adjustable articulator with pantographic tracings (Denar D5A). The computer sensor was attached to the articulators in the same manner as it was attached to the subjects. Data was collected and evaluated for each subject and each set of articulators.
Results: At the 95% level, no significant difference was found between the data obtained from the subject-articulator or articulator-articulator comparisons. 
Conclusion: 

1. Statistical analysis of the graphic data showed no significant difference between the Denar D5A and Hanau 130-21 articulators for the five subjects tested. 

2. Both the Denar D5A and Hanau 130-21 articulators adequately reproduced mandibular movement for the five subjects tested. 
09-004. Wipf, H. Pathways to Occlusion: TMJ Stereographic Analog and Mandibular Movement Indicator. DCNA 23: 243-257,1979.
Purpose: TMJ technique article.
     Is unique among fully adjustable articulators. It provides precise curvilinear paths of the TMJ articulator fossae elements.
     Method for recording mandibular movement is known as the stereographic analog.
     Material used to record the analog is autopolymerizing acrylic resin.
     At the time the TMJ articulator was developed, there was only a few fully adjustable articulators available.
Procedure:

1. Induce initial side shift - measured in millimeters using the tapered end of the TMJ ruler.

2. One-fifth of a millimeter is measured for each millimeter of ingress. 

3. Clutches fabricated indirectly or directly.

Similarities with pantographs:

1. central bearing screw.

2. clutches.

3. terminal hinge and orbital reference point.

Dissimilarities with pantographs:

1. recording styli are four in number and are fixed, the media is acrylic resin.

2. pantographs are recorded extraorally

3. pantographs have two vertical plates to record vertical changes whereas the vertical controls of the stereographs are on the floor of all four analogs which are in a solid state.

4. both systems record the horizontal records in four areas.

     The task of following and coordinating six lines for each of the two border and protrusive movements can be a considerable endeavor if precision is the goal. Each movement recorded is dependent on the ability to see all lines at once and hold them while the instruments are adjusted.
     The lack of interpolation and eye and muscle coordination as well as the lack of numerous screws to adjust, make the stereograph a convenient and practical system of recording spatial movement.

09-005. Javid, N. A comparative study of sagittal and lateral condylar paths in different articulators. J Prosthet Dent 31:130-136, 1974.
Purpose: To determine the condylar guidance angles for protrusive and lateral progressive side shift in three different kinds of articulators.
Methods & Materials: Two Denar D4-A, two Whip-Mix, and two Hanau model 130-28 articulators were used. Five patients whose kinematic axis have been located were used. Protrusive and lateral interocclusal records were made of acrylic. The protrusive and lateral condylar guidances of all six articulators were adjusted with both the protrusive and lateral interocclusal records. The procedure was repeated 20 times. 
Results: Use of the Denar articulators and comparison of the mean difference of the means of the left and right protrusive condylar guidance readings of two similar articulators showed there was no significant difference between the two Denar articulators. There was a significant difference with the Hanau and Whip-Mix articulators.
Conclusion: The condylar guidances of the Denar articulator are more stable than the Hanau or Whip-Mix used in this study.

09-006. Coyer, R. B. A Study of the Variability of Setting a Fully Adjustable Gnathologic Articulator to a Pantographic Tracing. J Prosthet Dent 37:460-465, 1977.
Purpose: To determine the variability involved in setting a fully adjustable gnathologic articulator to a pantographic tracing of known parameters, thereby eliminating the problem of setting the articulator with incorrect information.
Methods & Materials: A pantographic tracing was made on a fully adjustable gnathologic articulator. Patient tracing were not used. The instrument was arbitrarily set and tracings were made in the normal manner. Seven dentists were given the articulator and a still-mounted pantographic tracing and were asked to set the articulator. Seven sets of tracing were used. The original random settings were used as the standard and deviations determined.
Results: Statistical significant difference was noted for the following settings:

· Immediate side shift

· Progressive side shift

· Top wall

Operator consistency was compared by plotting the variable error and constant error for each operator for each tracing. Operators tended to set the articulator in excess of the original setting.
Conclusions: There is an inherent system variability and that mechanical and operator errors were involved only in the actual setting of the instrument.

09-007. Winstanley, R.B. Observations on the use of the Denar Pantograph and Articulator. J Prosthet Dent 38:660-672, 1977.
Denar D4A and pantograph used to transfer settings to articulator. Participants attempted to duplicate settings by following the tracing.
Results: 

1. Most articulator adjustments were reproducible with a reasonable degree of accuracy but not to the extent one would hope.

2. Rear and top wall adjustments were very inaccurate, probably because the tracings were short and large variations in the setting caused only small deviations of the styli.

3. Familiarity improves results. 

4. Reciprocal actions - when articulator adjusted to move one stylus, it may have a mutual or reciprocal influence on other styli, should follow instructions in manual.

09-008. Solberg, W.K. And Clark, G.T. Reproducibility of Molded Condylar Controls with an Intraoral Registration Method. Part I. Simulated Movement. J Prosthet Dent 32:520-528, 1974.
An articulator with molded fossa boxes served as the patient, three dentists made 4 stereographic tracings and molded 4 fossa boxes each. The right condylar controls were compared in protrusion, latero and mediotrusion by a computerized measuring machine to the master condylar control.
Results: 

1. Error of stereographic technique is WNL.  

2. Sagittal component of protrusion and mediotrusion resulted in a condylar inclination which was slightly less than that of the patient (neg error).  

3. More experience operators had less variation. 

09-009. Weinberg, L.A. An Evaluation of Basic Articulators and their Concepts. Part IV. Fully Adjustable Articulators. J Prosthet Dent 13:645-663, 1963.
Purpose: To discuss the principles that apply to fully adjustable articulators.
Discussion: In the effort to create an articulator that will take into account the varying degrees of curvature of the articular eminence and the potential mandibular lateral translation, the fully adjustable articulator was designed. Records of centric relation, protrusive, right and left lateral border positions, and intermediate three-dimensional border paths of motion are used to set the articulator with the aid of a pantograph. 
     The pantograph is an enlarged tracing of mandibular movement obtained by fixing a writing plate to one jaw and a stylus to the other. The three-dimensional motion of the condyle can be reproduced by combining the information attained by the six plates of the pantograph. It is not necessary for the pantograph to be exactly oriented in each of the three planes of space but their arrangement must remain constant during the recording of mandibular movements. All tracings start at the terminal hinge axis and are recorded on these three pair of plates:
Symphyseal pantograph- the typical Gothic arch tracing is produced. 
Sagittal pantograph- records the vertical components of movement. The protrusive and balancing paths traced form the Fischer angle. A short "backlash" tracing is the vertical component of the working condylar movement. This "backlash" is a projection of the axis of the mainly rotating working condyle as the tracing element is extended beyond the actual condyle. 
Inclined Horizontal pantograph- records of the horizontal components of motion. The Bennett angle is created by the protrusive and balancing tracings. The lateral component of the working condylar movement is represented by the backlash.

The essential requirements for duplicating these motions are:

1. To maintain the same relationship of the pantograph to the styli and transferring it from the patient to the instrument.

2. The instrument must be three-dimensionally adjustable to accept records.

3. The final casts must be mounted in the exact relationship to the motion recorded as it occurred in the patient.

     An anterior point of orientation (usually the infraorbital point) can be completely arbitrary but once established must be consistent. Tattooing the patient is recommended to insure reproducibility. Condylar readings are not obtained from the instrument but are recorded in the tracings and transferred to the instrument. The curved condylar path eliminates the 0.4 mm error associated with rectilinear path articulators. The pantograph's recording of the Fischer angle can eliminate the 0.1 mm error produced in the second molar cusp height. 
     The gnathologic instrument conceptually produces no occlusal errors although discrepancies can occur. From day to day, however, ones facial muscles vary in the degree of tonus. Pressure on the central bearing point may cause a rock in the mandible and create deviations. The weight and bulk of the equipment can alter the reproduction of tracings as well as head position and respiration. There can also be inaccuracies with the materials used in record making, fabrication and cementation of the restoration. The author does not agree that all possible movements in between the border movements are automatically reproduced by the fully adjustable articulator as the patient tends to chose the most comfortable path of motion.
Conclusion: Fully adjustable articulators are extremely accurate in duplicating the three-dimensional motion of the condyle. Semiadjustable articulators are adequate for complete denture construction and their settings are based on clinical averages. The most serious error that is created by semiadjustable articulators is a space between the posterior teeth during lateral excursions on the working side due to negative error. Fully adjustable articulators can reduce the amount of intraoral corrections to be made and will accept all non-pathologic records.

09-009. Weinberg, L. A. An Evaluation Of Basic Articulators And Their Concepts. Part IV. Fully Adjustable Articulators. J Prosthet Dent 13:645-663, 1963.
Purpose: To discuss the principles that apply to fully adjustable articulators.
Concept: Three-Dimensional Pantographs 
      Three-dimensional motion can be reproduced if simultaneous pantographs are obtained containing the three planes of space. To reproduce the original motion, the pantographs must be in the same relationship to each other and to the styli on the instrument as they were on the patient. Simultaneous tracing of these pantographs on the instrument effectively recreates the motion.
     It is not necessary for the pantographs to be exactly oriented in each of the three planes of space. However, their arrangement must contain the three planes of space and remain constant during the recording and during the reproduction of the motion.

Contents of each tracing
     Each writing table contains the tracings of the three border movements starting from the terminal hinge position. These movements are represented characteristically on all six pantographs.
Symphyseal Pantograph - The typical Gothic arch (needlepoint) tracing is produced.
Sagittal Pantograph - records the vertical components of condylar motion. During eccentric condylar movements it traces the protrusive path, the balancing path, and forms the Fisher angle in between these two paths. The short curved line, resembling a "backlash," is the tracing of the vertical component of the working condylar movement.
Inclined Horizontal Pantographs - record the horizontal components of condylar motion. The Bennett angle is recorded by the angle between the protrusive and the balancing condylar tracings. The lateral component of the working condylar motion is again represented by a short curved "backlash" tracing.
Method:
The gnathologic system of duplicating motion has three essential requirements:

· To maintain the same relationship of the pantographs to the styli as the transfer is made from the patient to the instrument.

· The instrument must be three dimensionally adjustable to accept the records.

· The final casts must be mounted in exactly the same relationship to the motion recorded as it occurred in the patient.

Instrument settings:

· Protrusive Inclination - Condylar slots of the appropriate radius are placed on the condylar ball and the inclination is adjusted so that the styli trace the same protrusive path on the instrument as has been recorded on the patient.

· Intercondylar Distance - The symphyseal pantographs capture the vertical axis of each working condyle. The condylar mechanism is adjusted sideways until the styli trace the lateral border movement along both symphyseal pantographs.

· Balancing condylar motion - is adjusted by combining the individual condylar path curvature, vertical angulation, and Bennett angle obtained from the pantographs.

· Working condylar motion - Bennett shift, if any, is recorded by the horizontal pantographs and transferred to the Bennett guide in the midline of the instrument. The Bennett guide can be shaped by grinding if necessary. The condylar rod can be adjusted to any angulation in all three planes permitting individual working condylar motion away from the original hinge axis line to its eccentric position.

· Face-bow - The hinge axis and infraorbital tattoos allow the casts to be remounted at any future time without repeating the procedure, unless specifically desired. 

· Arbitrary Location of the Anterior Point of Orientation - Three -dimensional motion, as recorded in the pantographs, is fixed in relation to the two jaws and transferred in total to the instrument. No error is produced by the arbitrary orientation of the plane of occlusion.

· Curved Condylar Path - The .4mm condylar error associated with a straight condylar mechanism is eliminated.

· Balancing Condylar Movement - Fischer angle is recorded in the pantographs and used for the adjustment of the instrument. This eliminates the .1mm error produced at the second molar cusp height when the protrusive inclination is used for the balancing inclination.

· Working Condylar Movements - On a theoretical basis, no mathematical error is produced at the cusp level.

Summary: A gnathologic instrument in which three-dimensional pantographs are used is extremely accurate in duplicating three-dimensional motion. Theoretically, no occlusal error is produced.
     Factors of muscle tone, pressure of the central bearing point, head position, respiration and weight of the instruments attached to the jaws should be kept in mind in relation to the above conclusion.

09-010.  Shields, Clayton, and Sindledecker. Using pantographic tracings to detect TMJ and muscle dysfunctions. J Prosthet Dent 39:80-87, 1978.
Purpose: To determine if a relationship existed between clinical findings and uncoordinated mandibular movements.
Methods & Materials: Forty-six subjects with varying degrees of dysfunction were examined. HDI (Helkimo dysfunction index) and pantographic tracings were completed on the patients. The degree of reproducibility was scored for the tracings (PRI). The scores are as follows: 

· 00-10 Reproducible

· 11-16 Slightly reproducible

· 17-30 Moderately reproducible

· 31-+ Severely nonreproducible

The subjects were divided into groups according to there clinical symptoms and further divided based on the state of occlusion.
Results: The PRI detected differences between the group with moderate dysfunction and the groups with no dysfunction. Subjects with poor occlusion had slightly higher PRI scores.
Conclusion: The PRI can aid in detecting TMJ dysfunction. 

09-011. Manary, D AND Holland, G. Evaluation of Mandibular Movement Recording and Programming Procedures for a Molded Condylar Control Articulator System. J Prosthet Dent 52:275-280, 1984.

Purpose: To analyze the effectiveness of the TMJ articulator to reproduce the border movements of a patient model.
Materials & Methods: Stuart articulator was programmed to serve as a laboratory model for a patient. A Stuart pantograph was attached and pantographed 20 times by one operator. The scribings were photographed and then compared with the scribings from a programmed TMJ articulator. 
Results: All centric relation points were the same on the 20 sets of fossae and the patient model. On the posterior vertical tables, the TMJ orbiting and protrusive paths were consistently superior to (less steep than) the patient model scribings. 
Conclusion: The error associated with the development of the TMJ stereograph and custom fossae resulted in a decrease in steepness of the articular eminentia. The immediate side-shift is simulated by the TMJ stereograph and fossae formation. The horizontal orbiting path of the programmed TMJ articulator was consistently lateral to the orbiting path of the patient model (decreased Bennett angle). The horizontal rotating path of the programmed TMJ articulator was consistently medial to the rotating path of the patient model (retruded laterotrusive). As the operator gained experience, the TMJ articulator more closely simulated all the movements of the patient model. The small difference consistently observed between the pantographic scribings of the patient model and the TMJ articulator suggests that the TMJ system can have significant clinical application.

09-012. Swanson, K. H. Complete Denture Using the TMJ Articulator. J Prosthet Dent 41:497-506, 1979.
Purpose: To review a technique for use of the TMJ articulator in the fabrication of a complete denture.
Methods & Materials: 
House's technique is reviewed and the TMJ technique described:

1. A Face-bow mounting of the maxillary cast, an arbitrary axis can be used, but a kinematic hinge is preferred.

2. Secure accurate impressions with custom acrylic trays. A flat metal plated secured to the maxillary tray. Trays trimmed to correct extension, border molded and refined with a wash of silicone impression material.

3. Plane of mandibular occlusion on which to make the mandibular movement recording is planned. This is done by putting both impressions in the mouth, and the mandibular handle reduced so that as the patient closes the jaws the handle on the mandibular tray will stop closure, and by adjusting the handle a preliminary vertical dimension of occlusion can be determined.

4. The TMJ clutch forming bite fork is used to make the recording platform on the tray of the mandibular impression.

5. Central bearing screw is placed on the convex side in one of the two holes in the bite fork.

6. Autopolymerizing acrylic is placed around the central a bearing screw, at putty stage the portion of the bite fork around the central bearing screw is covered to the size of the mandibular impression tray and brought to place on the tray side of the mandibular impression.

7. Another mix of autopolymerizing resin, four studs are placed in the preplanned canine and molar areas on the maxillary impression tray.

8. Impressions with attachments are tried in the mouth and the central bearing point adjusted to support established VDO.

9. After patient has been trained to make excursive movements the surface of the maxillary tray and studs are lubricated. TMJ resin is made and a pat placed on the mandibular platform in each area where the studs will move.

10. Mandibular impression is placed in the mouth and the patient instructed to close on the central bearing screw and instructed to move in the previously rehearsed mandibular movements.

11. The impressions are removed, and some of the material is removed around each recording, the central bearing screw is lowered about an eighth to a quarter of a turn, pathways lubricated, and record reinserted. Patient ask to refine tracings with cutting studs.

12. When recording is satisfactory, a face-bow is made. It is made with the four studs in modeling compound.

13. Impressions are poured in artificial stone, and are not removed until they have been mounted on the articulator.

14. Maxillary is mounted via the face-bow. The mandibular is related by attaching the recordings together with modeling compound with the four studs in their respective points of the four Gothic arch recordings. Incisal guidance pin is set at zero.

15. TMJ fossa and tray acrylic is placed in each fossa box, the controls are molded.  

09-013. Contino, R.M. and Stallard, H. Instruments Essential for Obtaining Data Needed in Making a Functional Diagnosis of the Human Mouth. J Prosthet Dent 7:66-77, 1957.
Purpose: A discussion of knowledge and instrumentation needed for acquiring and implementing data in making a functional diagnosis of the mouth.
Summary: 
- Basic condyle motions- limited to 2 kinds of movement/rotation and sliding; in many combinations which make all mandibular movements possible
- Condyle slidings- 2 types of condyle sliding movements:1) fore and rear, 2) outward and inward/Bennett movement
- Pure anatomical information- hinge-sliding joint/ginglymoarthrodial joint; capsule- bandage of tissue surrounding the condyle and the disc; lateral pterygoid muscle- attaches to the disc; no retracting muscles are directly attached to the condyle
- Significance of joint anatomy- a) the maxilla: temporal suspension of the joint, the eminences, mandibular fossa and the upper compartments of the joints; b) the mandible: lower compartments of the joints, the meniscuses, the condyles, the lower synovial cavities, the lower portions of the capsules and the condylar axes
- Expectations of an articulator- the individual expression of the condylar movements of the patient; McCollum- condylar slots; Stuart- discarded the horizontal axis for a functional axle, grinding of the cams for Bennett timing, replaceable eminences for various condyle paths, articulator to accept data found by jaw writing instruments
- History of jaw writings- Goldberg- too complex; Snow- facebow, Harlan- modified the facebow by fastening it to the lower teeth; the mandibular clutch; the maxillary clutch and facebow; Gnathologic society's greatest contribution- the pattern of condyle movements is fixed and independent of teeth and muscles; Gysi was unable to do this- writing device not rigidly fastened, writing card not always fixed in the same place and dissimilar starting points 
- Inadequacies of interocclusal records- at best, they can only register the end position of a path
- Adaption of face-bows to write jaw motions- MacQueen, Stuart and Wightman;
jaw writing device- tridimensional caliper, consisting of a maxillary frame to hold the record flags and a mandibular frame to carry the writing points that can be used to determine the dimensional relation of the teeth and jaws to the cams and axes of the joint movements. Purpose- produce data from which the dentist can determine and locate the centric axis position of the opening-closing action of the mandible, establish the slant and curvature of the condyle paths, set and direct the amount and direction of the Bennett paths

Functional diagnosis- can only be made by studying the relationship of the jaws, the interrelations of the opposing teeth and the relation between the dental factors and the condyle factors of articulation as they are revealed when dental casts are mounted on a duplicating instrument

