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Section 03: Hinge Axis I
(Handout)

I. History

Credit for the idea of the mechanical location of an axis was given to Dr. Robert Harlan. The first actual kinematic location was evolved through the California Gnathologic Society under the leadership of Dr. B.B. McCollum.

II. Mandibular movements

We can view the face in the frontal, sagittal, and horizontal planes. The mandible rotates in each of the three planes around an axis. This axis can be stationary or moving .

Movement occurs in the horizontal plane when the mandible moves into a lateral excursion. The center of rotation is the vertical axis extending through the rotating condyle.

The mandible also rotates around the sagittal axis when the orbiting side drops down during a lateral excursion.

In the sagittal plane the mandible makes a purely rotational opening and closing border movement around the Transverse Horizontal Axis.

Quick summary of mandibular movement

III. How do we define hinge axis today?

Transverse Horizontal Axis: An imaginary line around which the mandible may rotate. (GPT-6)

This rotation averages about 12o or 18-25mm of incisal opening according to Rahn, and occurs during centric relation.

How do we define centric relation: The relation of the maxilla to the mandible when the condyles are in the uppermost and rearmost position in the glenoid fossae. This position may not be able to be recorded in the presence of dysfunction of the masticatory system. 

IV. Is there any controversy concerning hinge axis?

Of course there is. It has been present since 1921. Controversy has arisen over the presence of a single axis, the methods used to locate the axis, the method and validity of recording the positions on the skin for future reference, and the relation of the terminal hinge position to the position of centric relation.

On with the controversy?

Does a single axis exist? (a line needs only two points and therefore anatomic symmetry of the condyles is not necessary) So why was there a controversy?

Page says "Lack of training in the basic sciences lies behind the plausible but groundless arguments against (hinge axis)"

Page says again " A condyle rotates; therefore, any argument against its doing so around rotational centers or a hinge axes is an argument against the truth."

Can a single point in the condyle be located and can it be transferred to the articulator? Page says no! So what is Page's opinion on hinge axis? (Intracondylar or Intercondylar, Two arcs of rotation)

Is Page right? Does each condyle have its own axis of rotation? Does it matter?

Granger says something else! What does Granger say? (Intercondylar, Why?)

Can one arc result from compound mandibular movements?

V. Four theories of the location or existence of the hinge axis.

1. Absolute location of the axis

The hinge axis is a component of every masticatory movement and can not be disregarded. If the hinge axis of the articulator is not the same as the hinge axis of the patient then the mechanical reproduction of jaw motions are impossible.

2. Arbitrary location of the axis

The value of actually locating the exact hinge axis is not worth the effort. This group fails to recognize that if the hinge axis of the articulator does not coincide with the hinge axis of the patient, the paths of closure will not be the same.

3. Nonbelievers in the transverse axis location

This group does not believe the hinge axis can be accurately located or believes other movements are involved and can not be reproduced by an articulator simulating one axis; therefore, an arbitrary axis is just as good.

4. Split axis theory

This group believes there are two axis of rotation ( one in each condyle) and they parallel each other. 

What did Arthur E. Aull find out about the hinge axis? Who's study supported him?

1. The horizontal axis is a hypothetical line connecting the two horizontal rotation centers of the two condyles of the mandible.

2. There is one hinge location!

3. Beard and Clayton reproduced a 1967 study by Trapozzano and Lazzari that obtained evidence to the contrary of Aull. Beard and Clayton found there is only one hinge axis!

VI. What is the significance of a hinge axis mounting?

Remember the purpose of the articulator is to reproduce on a mechanical instrument the relationship of the teeth as they come together in the mouth.

The hinge axis provides the means of transferring the patient to the lab to construct the restorations. It must be considered. What else must be considered.?

Can a simple protrusive registration accurately allow the settings of an articulator to resemble the movement of the mandible? ( No way Jose!!)

So locating the hinge axis is just one step in attempting to reproduce mandibular movement. It is however very important because all movement starts at the axis and returns there. See above drawing. Draw some mandibular movements if anyone desires.

Review.
Why is it important to know about the hinge axis or to determine where it is located.?

What will happen to the arc of closure if the hinge axis is mistakenly placed anterior, posterior, superior, or inferior the true hinge axis?

How does this pure hinge movement affect dentistry? (Arc of closure)

Is the path of closure the same as the arc of closure? (No) 

The path results from closing rotation and a gliding path.

VII. Does everyone believe that the mandible closes on an axis?

What, Who said so? What did they do and how did they reach their conclusions? 

Shanahan and Leff in 1962 and Ferrario, et al. in 1996

VIII. Locating the axis

How accurate are individuals in locating a true hinge axis?

- Kurth and Feinstein said within 2 mm when restricting opening to ¾ inch at the incisal pin.

- Borgh and Posselt said within 1.5 mm when a 10 degree arc was used and within 1.0 mm when a 15 degree arc was used.

- Lauritzen and Wolford were able to achieve an accuracy of 0.2 mm when using a 10 degree arc of movement.

What are some methods of locating a true hinge axis?

Observing the motion of a stylus on an axis bow, as created by jaw movements, in relation to a flag fixed over the patients axis area. When the stylus no longer translates but rotates then the point is accepted.

Geometric principles can also be used to aid in locating the point as described by Getz3. 

Gunderson and Parker described a technique similar in thought to Getz.

How accurate is an arbitrarily selected axis?

Scallhorn found that 95% of the axis points located 13 mm anterior to the posterior margin of the tragus on the tragus-canthus line to be within a 5 mm radius of the kinematically located axis.

Beyron found that approximately 87% of the located points were within a 5 mm radius of the arbitrary points.

Lauritizen and Bodner found only 33% of the true axis points to be located with in a 5 mm radius of the arbitrary points. Teteruck and Lundeen found similar results.

Walker found that 20% of the true axis points were located within 5 mm from the arbitrarily selected point.

Palik, Nelson, and White found that the earpiece face-bow related the maxillary cast to the hinge axis only 50% of the time. 92% of the time the arbitrary axis was located anterior to the terminal hinge axis.

What are some methods of arbitrarily selecting an axis?

Schlosser described palpating the condyles as the patient opens. He also described drawing a 25 mm line from the upper margin of the external auditory meatus to the outer canthus of the eye. At a point 13 mm in front of the tensed anterior margin of the meatus a line is drawn crossing the first line at right angles.

Brandrup-Wognsen described a point on a line extending from the tragus to the lateral angle of the eye, a point is marked at about 12 mm in front of the posterior margin of the most prominent point of the tragus.

Prothero recommends placing a Richy condyle marker in the external auditory meatus then placing a ruler from the top of the marker to the outer canthus of the eye and drawing a line. The condyle marker is then rotated to make a line 13 mm from the anterior side of the metal part of the marker.

Weinberg recommended adjusting the face bow pins to a point 11 to 13 mm anterior on a reference line drawn from the middle and posterior border of the tragus of the ear to the corner of the eye.

What does Simpson have to say about arbitrary mandibular hinge axis location?

Use a point on Camper's line 10 mm from the superior border of the tragus!

IX. Does the mandible flex and why do we care?

Yes it does. This response is a function of the mechanical properties of the bone as well as the type, magnitude, direction, and point of application of the force.

The later pteygoid muscle is most frequently cited as inducing mandibular flexure.

- What are the clinical implications of the mandible flexing?

- Producing an inaccurate cast if flexure occurs during impressions

- Producing an inaccurate maxillo-mandibular relationship if flexure occurs during a CR registration

- Mandibular flexure may influence stress on abutment teeth

- Adduction of the mandible may effect the ultimate stability of a lower denture

What width changes were seen in various mandibular positions and manipulations in the Gates and Nichols article?

Opening 0-0.3 mm decreased value in arch width

Protrusion 0.1-0.5 mm decreased value in arch width

Horizontal retruding force 0.11 mm increased value in arch width

Therefore the amount of mandibular arch width change during impression making can be minimized by preventing any protrusive movement and /or opening beyond 20 mm.

- Abstracts -
03-001. Page, H.L. Some confusing concepts in articulation. D Digest 64: 71-76, 1958.
Purpose: The purpose of the article is to discuss issues on articulation an encourage criticism.
Discussion: Criticism has been expressed about the terminology of new principles, as being too "complicated". It is claimed that publication has been of no value for the average dentist since they will not bother to read the difficult material. Therefore the task is left to teachers and leaders to absorb the new concepts and to infiltrate the new philosophies into clinical practice.
     As a profession we should awaken to the fact that something is wrong with our teaching and practice. Probably some confusion arises because of the great variety and complexity of methods and material offered, but more probably it is that information given to them is incorrect and founded upon wrong concepts. Confusion also arises from the fact that there are as many ways to solve a problem of jaw relations and occlusions as there are dentist.

No one questions that the condyles are asymmetrically sized, shaped, and positioned.

No one can argue that the condyles are joined at the symphysis and not by any connective tissue mechanism running through the head from condyle to condyle.

Shift of the mandible in function- is not merely a " bodily side shift of the mandible in lateral excursion" as described by Granger, it is a bodily shift of the mandible in vertical function with each condyle moving in any one or in all three dimensions.

Importance given to the Bennett movement- Granger also endows the Bennett movements with extraordinary powers. It determines the form and position of the sulci and marginal ridges. The power movement as the muscles on the working side contract. It determines the direction of stress on the supporting structures and therefore whether the cusps are pathologic or physiologic. If the Bennett movement is so important , it would be helpful to know more about it.

Cause of movement claimed- Granger also considers a Bennett movement to be limited to a bodily side-to-side shift of the mandible occurring only during lateral excursions. He states that the limitation of movement against the inner curbing of the glenoid fossa determines the Bennett movement.

Explanation of movement required- an unsupported statement cannot be accepted as a scientific fact . A condyle, "balancing" or otherwise, does not ride the "inner curbing" or any other part of a fossa under its own power, for it is the mobile part of a universal joint. Yet, no explanation is given to show how a " balancing" condyle can maintain unaided so firm a contact with the bone ceiling and above and medial to it that forces the working side of the head to move outward. In the absence of a valid explanation, what becomes of those powers of the Bennett movement? 

Many hinge-axes exist- there are at least twelve hinge-axes in every head; three in each temporomandibular joint and three in each mandibular angle. Only the three in each joint require consideration: (1) the transverse hinge-axes that govern jaw rotation in the sagittal plane (opening and closing), (2) the vertical hinge-axes that govern jaw rotation in the horizontal plane (side-to-side), and (3) the sagittal hinge-axes that govern jaw rotation in the transverse plane (jaw rocking). 
03-002. Preston, J. D. A reassessment of the mandibular transverse horizontal axis theory. J Prosthet Dent 41: 605-613, 1979.
Purpose: to briefly review the history and development of the theory and practice of the transverse horizontal axis location, its applications and some controversies that have surrounded its use.
Discussion and Conclusions: A single transverse horizontal axis can usually appear to be located. (within the limits of accuracy of operators, equipment and patients.)
- When a kinematic axis is located, this is a worthwhile clinical procedure to transfer the arc of rotation in the sagittal plane from patient to the articulator
- No one has proved or disproved the presence of colinear or noncolinear condyle arcs.
- The right angle-non right angle concept is misleading and generally not indicated for use.
- Anatomic asymmetries of the axis transfer procedure may result in cast dislocations that produce undesirable changes in esthetic tooth positions.
- The single transverse horizontal axis exists as fact in articulating instruments and as a theory in the human craniomandibular complex.
- The term "transverse horizontal mandibular axis" ("hinge axis") should be used instead of "condylar or intercondylar" axis.

03-003. Granger, E. R. Clinical Significance of the Hinge Axis Mounting. DCNA,   Mar 1959:205-213. 
Discussion: The relationship of the teeth as they come together is determined by the relation of the condyle to the glenoid fossa. The hinge axis governs the art of closure in every contacting position of the teeth. The rotation of the asymmetrical condyles and the asymmetrical mandible, is guided by the form of the surface on the meniscus.

The purpose of an articulator is to reproduce on a mechanical instrument the relations of the teeth as they come together in the mouth. The hinge axis provides the means of transferring the patient to the laboratory bench. 

Locating the hinge axis and reproducing the protrusive path (anterior slant and curvature of the condylar path) and lateral paths (Bennett movement) allows all combinations of movements to be made. To locate the hinge axis with a hinge bow, a clutch is mounted on the mandibular teeth. The chin is dropped open with pure hinge motion while a stylus records the position opposite the condyle. No gliding of the condyle should be allowed. The hinge axis must be located in the most posterior superior position of the condyle which is centric relation. 

The point of the stylus will reach the stationery point and the patient can be tattooed for future reference. Mounting the cast on the articulator can be accomplished by using the hinge bow as a transfer or face bow. The Frankfurt Plane is used to relate the face bow instead of the ala-tragus plane. 

Method of choice to register the paths of motion of the axis is the pantograph. Stone check bites may be used for edentulous patients. Wax check bites are worthless. 

The hinge axis determines the arc of closure in every contacting position of the teeth. The path of closure is different from each open position of the mandible to tooth contact. This path results from the closing rotation combined with a gliding path of the axis. 

03-004. Aull, Arthur E. A study of the transverse axis. J Pros Dent 13:469-479, 1963.
Purpose: To demonstrate the fallacy of the hinge axis theory.
Materials and Methods: The hinge axis was to be located using extra long arms and four flags and styluses. The extra two flags were placed 4 to 5 inches outside the inner flags. A hole was drilled were the hinge axis was located and a light was shown through the hole to see if there was one line.
Results: One line was produced.
Conclusion: There are four main schools of thought regarding hinge axis theory. 
Group 1. Absolute location of the hinge axis. These people believe the hinge axis is a component of every masticatory movement of the mandible and cannot be disregarded.
Group 2. Arbitrary location of the axis. These people believe the hinge axis is of some value, but not worth the effort to locate.
Group 3. Nonbelievers of the transverse axis theory. They believe the hinge axis is theoretical, but not practical.
Group 4. Split-axis rotation. They believe in the transograph theory. That each condyle has its own center of rotation. i.e. two axes that parallel each other.
Aull's study disproved the transograph theory

03-005. Shanahan, T EJ and Leff, A. Mandibular and articulator movements. Part III. The Mandibular Axis Dilemma. J Prosthet Dent 12: 292-297, 1962.
Purpose: Sustained protrusion
To observe mandibular movements to confirm or deny the presence of an axis in the region of the condyles.
Methods & Materials: Photographic records were made of the normal opening and closing movements of the mandible from both side and front.
     Lights were placed to lower and upper incisors and side and view records of the movements of the lights were obtained by placing the camera at the side of the face and a mirror in front of the subject at an angle of 45 degrees to the camera.
Observations & Recordings: Observing the mandibular movements from the front, the mandible did not open and close on an axis; from the side, the rotation center of the pseudo arc was not in the region of the condyle. These two views of opening and closing movements were not tracings of axis movements and therefore did not support the mandibular axis theory. From the side there was no evidence of rotation about a mandibular axis in the region of the condyle with a concomitant anterior translation. 
Bilateral Deviation: It was evident from the light  that the mandible may deviate to the right or left during opening and closing movements.
Chewing Tests Fox Axis Determination: A subject chewed a piece of hard cracker three times to explore the possibility of the presence of mandibular axis during the mastication of food. None of the movements showed evidence of a natural mandibular axis.
Artificial Mandibular Axis: The term artificial mandibular axis designates an axis that is the result of forcing the mandible backward. This axis cannot be found during normal physiologic mandibular movements. An artificial mandibular axis can be produced in one of two ways: the patient may voluntarily retrude the mandible as far as possible during the opening and closing movements, or the dentist can apply firm, backward pressure to the chin during movements.
Conclusion: The authors concluded that an artificially produced mandibular axis, jaw movement, jaw position is not a normal physiologic movement.
     There was no evidence of rotation about a mandibular axis in the region of the condyles with concomitant anterior translation in these studies of the opening, closing, and masticating movements.

03-006. Schalhorn, R. G. A study of the arbitrary center and kinematic center of rotation for facebow mounting. J Prosthet Dent 7: 162-169, 1957.
Purpose: Discuss certain advantages of the face bow when used properly, and its merits in prosthetic dentistry.
Discussion: The kinematic face bow is expensive, and a rather lengthy and difficult procedure.
     If the advantages are enough to offset the disadvantages, then by all means, its general use should be established. It has been stated by Arstad Thor, in his study on mandibular movements, that an error of 5mm from the hinge axis results in an error of only 0.2 mm, in the articulator, the molar of the lower jaw model will have contact with its antagonist 0.2 mesial or distal to the intraoral occlusal position of the molar after a corresponding mandibular movement of 2mm. Because of this 5mm tolerance with the resultant negligible error, many feel that it is not necessary to determine the axis accurately.
Materials & Methods:

1. Seventy dental students with normal occlusion and at least 28 teeth were selected for the study.
2. Alginate impressions and study casts were made. Large undercut areas were filled with Tenax wax, and a splint was molded over the teeth with self-curing acrylic resin. 
3. The face-bow was embedded in the resin splint while plastic, and the acrylic resin was allowed to cure. The fork was then removed from the cast. The splint was then trimmed.
4. The patient was then instructed to practice opening and closing the mandible in centric relationship through and arc of about 10mm at the incisor region.
5. Marks were placed over the condylar area, and a line was drawn from the center of the tragus to the outer canthus of the eye. On this line, the arbitrary axis was plotted 13 mm. Anterior to the posterior margin of the tragus, and the tape was identified by the side and the number of the determination.
6. The fork was then fastened to the splint and the Hanau model H face-bow attached to the fork. By a process of trial and error, the axis was plotted and marked on each type.
7. Rechecking was done for reproducibility, and of the 30 or more actual cross-checks, only one such check was more than 1.5 mm from the original plotting. In most cases, the error of reproducibility was at a radius of less than 1 mm from the original plotting.

Conclusion:

1. In over 95 % of the subjects with normal jaw relationships, the kinematic center lies within a radius of 5mm from the arbitrary center, which is considered by Arstad and others to be within the limits of negligible error.
2. The arbitrary axis of rotation as set by Snow, Gilmer, Hanau, Gysi and others, of 13mm, anterior to the tragus on the trageal-canthus line comes very close to an average determined axis on individual with normal jaw relationships.
3. The author agrees with other authors that determining the kinematic center of rotation is not nearly as important as obtaining proper centric and vertical records.

03-007.  Lauritzen, A. G., and Bodner, G. H. Variations in location of arbitrary and true hinge axis points. J Prosthet Dent 11: 224-229, 1961.
Purpose: to determine the variations in the location of the true hinge axis points from the location of the hinge axis points determined by arbitrary means.
Materials & Methods: a technique for easy and accurate location of the true hinge axis was developed by researchers of the Lauritzen Research Group. This technique included a special tray (anterior portion of a rim lock tray) secured to the mandible utilizing alginate impression material. The hinge axis point was located utilizing readings from the hinge axis locator . ( 1 cm. square of millimeter graph paper was attached to the skin in an area anterior to the tragus of the ear. The above method was utilized on fifty patients, thus locating 100 true hinge axis points.
Conclusions: The study found that in locating true hinge axis points, 67% were from 5 to 13 mm. away from the arbitrarily marked hinged points (using surface landmarks).

This means that arbitrary marking of the hinge axis may result in inaccurate mounting of casts to an articulator, and occlusal discrepancies if the centric relation record is made with separation between the upper and lower teeth. 

Therefore, the accurate location of the true hinge axis points is recommended by the authors.

03-008.  Walker, P. M. Discrepancies Between Arbitrary and True Hinge Axis. J Prosthet Dent 43:279-285, 1980.
Purpose: Analysis of a clinical study to determine if there exists an anatomic average measurement to use for arbitrary hinge axis point locations.
Methods & Materials: 222 undergraduates had their true anatomic hinge axis point locations determined using a Denar hinge axis locator. Each had a full complement of teeth. The reference line chosen was tragus-canthus line. These points were compared with a 12mm anterior reference and 5mm inferior arbitrary axis point locations. 
Results: No consensus for arbitrary hinge axis location existed. Most of the locations will give a 6mm or more error with a minimum of 5mm expected. The largest percentage of locations will be inferior to the tragus-canthus line at the superior border of the tragus of ear. Very few people had the same true axis point located on both sides of the face.
Conclusion: Any chosen arbitrary location would not reliably represent the true anatomic hinge axis. 

03-009. Beard, C.C.  and Clayton, J.A. Studies on the validity of the terminal hinge axis. J Prosthet Dent 46:185-191, 1981.
Purpose: To determine whether the results of Trapozzano and Lazzari's study would have been different had they used a different recording apparatus.
Materials and Methods: Hinge axes were located by drawing arcs on the paper rather than just visualizing the stylus. 
Results: One not multiple hinge axes were located.
Conclusion: The Trapozzano and Lazzari study showed multiple hinge axes but with the use of drawing arcs on paper this study showed only one hinge axis.

03-010. Gates, G.N. and Nicholls, J. I. Evaluation of mandibular arch width change. J Prosthet Dent 46(4):385-392,1981.

Purpose: To evaluate width changes of the mandibular arch at various mandibular positions and manipulations so that dentists can minimize problems during dental treatment.
Materials & Methods: A light sensing photo-diode (Pin-SC/4D, United Detector Technology, Inc, Santa Monica, CA) a light detector source (In-sight light, American Midwest, Des Plaines, Ill) and a 0.020 inch plastic fiberoptic strand (Edmonds Scientific Supply, Barrington, NJ)to transmit the light to the photodiode surface. To compare arch width changes with mandibular opening or protrusion, a linear variable differential transformer (LVDT) mounted extraorally measured millimeters of opening, protrusion while the photodiode measured mandibular arch width changes. The device was attached to the mandibular teeth with minimal force to reduce mobility by natural teeth.

Ten men between 20 and 50 years of age who had a full complement of natural teeth with no evidence of periodontitis were evaluated. The data measured provided the following comparisons:

  a.  opening, protrusion, and sustained opening and protrusion, vs. arch width change
  b.  arch width change vs. mandibular manipulation using chin point guidance
  c.  arch width change vs. maximal biting forces in the cuspid/ first premolar locations both unilaterally and bilaterally
  d.  subjects were premedicated with Banthine tablets to decrease salivary flow
  e.  five sustained max protrusions, openings , and five continuous mand. manipulations
  f.  after each movement passive or resting states were recorded to return to "zero" drifts

Conclusion: 

  a.  The width of the mandible is influenced by intrinsic and extrinsic forces.
  b.  Maximal opening, protrusion, and biting forces cause the mandible to decrease in arch width.
  c.  A horizontal retruding force on the mandible caused an increase in arch width
  d.  The amount of mandibular arch width change during impression making can be minimized by preventing any protrusive movement and/or opening beyond 20 mm.

03-011. Simpson, J.W. , Hesby, R.A. , Pfeifer, D.L. and Pelleu, G.B. Arbitrary mandibular hinge axis locations. J Prosthet Dent 51: 819-822, 1984.
Purpose: Compare the location of selected arbitrary hinge axis points and an experimental arbitrary axis point with the kinematic axis.

Materials & Methods: 
1. Fifty subjects 19-60 years old, with acceptable occlusion and no clinical signs of TMJ dysfunction were selected.
2. TMJ INSTRUMENT HINGE axis flags were positioned on the face slightly anterior to the tragus of the ear.
3. Five arbitrary axis points were recorded on graph paper:

  (a) Beyron’s point was located 13mm anterior to the posterior margin of the tragus of the ear on a line from the center of the tragus to the outer canthus of the eye.
  (b) Gysi’s point was located 10mm anterior to the posterior margin of the tragus on a line from the center of the tragus to the outer canthus of the eye.
  (c) Bergstrom’s point was marked 11 mm anterior to the posterior margin of the tragus on a line parallel to and 7 mm below the Frankfort horizontal plane.
  (d) Teteruck and Lundeen’s point was located 13 mm anterior to the tragus on a line from the base of the tragus to the outer canthus of the ear.
  (e) The experimental arbitrary point selected was placed 10mm anterior to the superior border of the tragus on Camper’s line. (Camper’s line connects the superior border of the tragus and the inferior border of the ala of the nose).

4. The Almore mandibular hinge axis locator was used to locate the kinematic axis.
5. The true axis point was recorded on the same graph paper as the arbitrary axis points. The % of arbitrary axis points that fell within 5mm of the kinematic axis was calculated for each point, the distance between each point and the kinematic axis was measured.

Discussion: 
1. The study shows that 78% of experimental axis points were located within 5mm of the kinematic axis. Arstad and Weinberg reported that a 5 mm error in locating the mandibular hinge axis results in a negligible occlusal error of 0.2 mm at the second molar.
2. 80% of the kinematic axis points were located below a reference line drawn from the superior border of the tragus to the outer canthus of the ear, and posterior to a point 12 mm anterior to the superior border of the tragus on the same reference line.
3. An experimental arbitrary axis point was located below Walker’s reference line and closer to the superior border of the tragus.
4. The experimental point was located on Camper’s line, 10 mm anterior to the superior border of the tragus.

Conclusion: 
1. In a review of the hinge axis theory, Preston stated that a superior-inferior error in axis location results in a larger discrepancy than an error in anterior-posterior location. Beyron, Gysi and Bergstrom showed an inferior-anterior tendency.
2. The arbitrary points of Beyron, Gysi, and Bergstrom showed directional tendencies, whereas the experimental arbitrary points were evenly distributed around the kinematic axis, and closely and consistently approximated the kinematic axis.
3. The clinical use of a point on Camper’s line, 10 mm from the superior border of the tragus, results in a more accurate transfer of the maxillary cast to the articulator.

03-012.  Gordon, S.R., Stoffer, W.M. and Connor, S.A.  Location of the terminal hinge axis and its effect on the second molar cusp position. J Prosthet Dent 60:553-559, 1988
Purpose: to mathematically calculate the amount of cusp height and mesiodistal error at the second molar, resulting from locations 5 and 8mm (anterior, superior, posterior and inferior) to the kinematically located hinge axis. The maxillomandibular relationships were measured by interdental records of 3 to 6mm thick at the incisal region.
Methods & Materials: Calculations were based on the following:

  a.  a distance from the midpoint of the hinge axis to the mandibular incisal edges of 87.9 mm calculated from
       Bonwill’s triangle.
  b.  the Balkwill angle equals 18 degrees
  c.  cusp inclines in a mesiodistal direction equal 30 degrees
  d.  5-8 mm erroneous locations of the hinge axis (anterior, superior, posterior, and inferior), as stated above
  e.  jaw relation records of 3 and 6 mm thick at the incisors, measured along the arc of closure

Summary/ Conclusions: from the criteria stated above, the errors in cusp height at the second molar ranged from 0.15 mm open space to 0.4 mm excess height. The mesiodistal error ranged from 0.51 mm toward the distal to 0.52 mm to the mesial.
· the CR record should be recorded at a vertical dimension close to the planned vertical dimension of occlusion

· locating the kinematic hinge point prior to extensive treatment for dentulous patients results in a better occlusion and also saves time

· when no change in vertical dimension (hence kinematic hinge point is not applicable) other techniques may be used 

03-013. Palik, J. F., Nelson, D. R. and White, J. T. Accuracy of an Ear Piece Face-bow. J Prosthet Dent 53:800-804, 1985.
Purpose: To record variations between the kinematic axis and earpiece determined axis and measure the magnitude and direction between the two points on selected subjects. Also, to evaluate the significance of the difference between the kinematic axis and the earpiece determined axis and the repeatability of the ear face-bow method statistically.
Methods: The earpiece facebow used the external auditory meati and the inferior orbital rim as reference points, while the kinematic facebow used the terminal hinge axis and the inferior orbital rim as reference. Points.

Kinematic location of terminal hinge axis: The area of the true hinge axis was located by palpating the subject’s condyles during opening and closing of the mandible. A clutch tray was affixed to the mandibular teeth with Impregnum. With the mandible in centric relation the axis points were tattooed on the skin. A bitefork was adapted o the occlusal surfaces of the maxillary teeth with black modeling compound. The bitefork was used for both kinematic and arbitrary facebow recordings. Modified Plexiglas disks were positioned on the lateral aspect of each of the condylar element of the articulator parallel to the sagittal plane. On each disk a graph circle was placed with the 0,0 coordinate point coinciding with the horizontal and vertical line intersection to simulate a x-y graph. The subject’s identification, side of articulator (r or L ) and anteroposterior positions were identified on the graph circles.

Location of arbitrary hinge axis: The same bitefork previously used with the kinematic facebow was repositioned intraorally on the maxillary occlusal surface and stabilized with finger pressure. The Hanau earpiece facebow was attached to the bitefork and the ear rods adjusted in the subject’s external auditory meati until pressure was equally distributed bilaterally.

Results: Most arbitrary axis locations were anterior and inferior to the true hinge axis. 56 % of the arbitrary axis locations were anterior an inferior to the terminal hinge axis, while 36% were anterior and superior to the terminal hinge axis. ONLY 50% of the arbitrary hinge axes were within a 5mm radius of the true hinge axis, while 89% were within a 6-mm radius.
Discussion: In comparison studies of variations between arbitrary axis and the kinematic axis, results varied from 20% to 95% of the arbitrary hinge axis points, falling within a 5 mm radius of the true hinge axis point. This study compared favorably with that o Lauritzen and Bodner and firmly supported Teteruck and Lundeen. However, it did not support the findings of Beyron and Schallhorn. The statistical analysis demonstrated that the earpiece facebow is not statistically reliable or repeatable. This does not suggest that it is unsuitable clinically. The nylon earpiece should be modified to increase repeatability.
Summary: This investigation demonstrated a significant statistical difference between the arbitrary axis located with an ear-bow and the terminal hinge axis. Additional study is needed to determine the practical value of the arbitrary facebow and to pursue modifications to improve its accuracy.
Conclusions:
  1.  The earpiece facebow related the maxilla to the hinge axis with the 5mm acceptable range 50% of the time.
  2.  The earpiece facebow recorded the arbitrary hinge axis anterior to the terminal hinge axis 92% of the time.
  3.  The earpiece facebow measurement in this study was not statistically repeatable.

 - Summary of Authors and Concepts –
 

Page. Many hinge axes exist

Preston. Arc may result from compound movements

Granger. There is only one position of the hinge axis.

Aull. Only one hinge axis.

Shanahan. Study of natural motion does not show a hinge axis

Schallhorn. 95% of patients true axis is within 5mm of the arbitrary hinge Axis (13 mm anterior to the tragus on the tragus- canthus line.

Lauritzen and Bodner. 33% of a patients true hinge axes are within 5 mm of the patients true axis.

Walker. 20% were within 5mm

Beard and Clayton. One hinge axis

Gates and Nichols. The width of the mandible changes due to intrinsic and extrinsic forces.

Simpson. Use a point 10mm from the superior border of the tragus on Camper's line for an arbitrary hinge axis. 78% within 5 mm.

Gordon. Keep your centric relation record thin.

Palik. Hanau ear bow. 50% within 5mm Hinge axis was located anterior

Getz. Geometric location of the hinge axis

Gunderson and Parker. Geometric location again

Ferrario. Pure rotation did not occur.

