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Archives of Anatomy and Physiology,  16:285-294, 1890.

	
	The Gliding Path of the Mandible Along the Skull.
	The following arguments concern the path of the mandibular movements such as the gliding of the occlusal surfaces of the dental arches against each other, either just in contact or in full occlusion, possibly with interposition of a thin layer of food.  In other words, these are movements which could be selectively performed as well laterally and sagittally. Furthermore, a backward gliding of the mandible often occurs at the end of an incising movement. The course of these specifically masticatory movements does not depend only on the mechanical array of the mandibular joint in its narrower sense but also on the configuration of the masticatory surfaces of the teeth. Accordingly, there is harmonious interaction.
	Langer’s (1) view is incorrect, at least, for movements during which dental arches are in full occlusion.

Meyer (2) who used his comparative anatomical studies successfully in order to establish the significance of fine structural details of the human mandibular joint does not even mention an axis for sagittal displacement. Neither does Henke (3).  

However, a definite axis can be established at least in the majority of cases, if we consider the occlusal configuration of the teeth.
A profile view of a human skull usually shows that on both sides the masticatory surfaces of the molars are aligned in a downward convex curve along the upper jaw and in an upward concave curve along the lower jaw. This relationship is not considered in anatomical textbooks. . We rather frequently find an unjustified tendency to arrange the masticatory surfaces of the teeth in a horizontal plane.


	Here, as a consequence of attrition, the molars have lost all the cusps of the crowns so that the mutually abraded masticatory surfaces fit exactly on top of each other. Thus, the upward concave curve describes a smooth line in the sagittal plane. Teeth with completely intact crown cusps fundamentally also present the same curve like arrangement of (masticatory) occlusal surfaces, except that they show an irregularly embossed profile line, whose indentations are clearly recognizable as small fluctuations on an assumed curvilinear base (Zero line) (Fig 2). As an exact examination of the curve is more complicated in a dentition with preserved cusps than in cases in which they are reduced by wear, it is preferable to choose the worn cases in order to discuss the basic findings.
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	If, in such a special case, the curve is determined in a profile view of the skull, for example, Figure 1, or with a compass, on its geometric projection on the sagittal plane, the findings are the following:

- That the total visible contact line of the molar masticatory surfaces lies on the same arc of a circle; furthermore,

- That in the sagittal plane the posterior continuation of this arc touches the most anterior point of the mandibular condyle.

Accordingly, the points of the mandible which glide in contact along the upper part of the skull are lying on the same cylindrical surface.
	The attritional configuration of the teeth develops through their respective gliding movements and thus conforms to the pathway which the teeth of the mandible follow. As the teeth in the jaws have to be considered as fixed, this pathway is not only a manifestation of tooth movement but an effect of the displacement of the whole mandible. Considering at the same time Figure 1, it follows that the movement occurs in circular paths just as a pendulum moves around an axis. 

From Figure 2, it further follows that the most anterior part of the surface of the condyle also moves on a circular path with the same length of radius as the occlusal surfaces of the molars. In other words, these parts move on the same cylindric surface.


	The masticatory surface of the upper teeth and the articulating surface of the glenoid tuberculum with its meniscus form the analogous parts of a big cylindrical curve around whose surface area the points of the lower jaw glide. The radius of the glenoid tuberculum is much shorter than the radius of the cylinder. Yet a concentrically arranged series of basic points corresponding to its surface can be established for the complete line of motion of the mandibular condyle along the tuberculum, because the thicker part of the wedge-shaped meniscus intercalates between the two areas and compensates the shorter radius of the tubercular curvature. Thus, masticatory efficiency is guaranteed. A separation of the occlusal surfaces is only inevitable in order to overcome the contact of strongly protruding upper and lower canines. But this can also be eliminated by wear.


	In addition, as concerns wear, one has to consider alternating lateral rotation of the mandible around nearly vertical axes. Evidently the teeth of the other side which simultaneously move forward and medially cannot remain in contact with the upper arch. 

Strictly speaking, the worn surfaces of the molars on each side form together, more or less, a rectangular area. Its diagonal line, slightly sagittally positioned, is curved spirally towards the opposite side; since the surfaces of the third molars have an inward slant, those of the second molars are more horizontal than those of the first molars inclined outward. Thus it somewhat digresses from a cylindrical surface.
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	Regarding the path for sagittal displacement, based on autographic curves about the movement of the lower incisor, Langer expressed the opinion that the mandible is shifting on very flat curves or rather on straight lines. As a rule, this is not the case. It shows that the mandible glides forward in an upward concave curve.

Within certain limits, the ligaments of the mandible generally adapt themselves to the new position of the shifted mandible without tension.

	Specific findings in different dentitions.

Among animals, as far as my experience goes, the ruminating and hoofed species as well as some primates show the same upward concave occlusal curves in their dentition without exception.
Therefore, development of curved occlusal surfaces as well as the circular path during sagittal forward displacement seems to depend on the presence of the tuberculum. Based on this recognition, several human cases which deviate from the rule can be explained.

But, since good jaws of different races yielded the same findings just described, they have a general significance.


	The observations had to establish the positional relationship between the occlusal surfaces of the teeth and the surface of the mandibular condyle. They were made in various ways.

The simplest way to obtain the necessary measurements is to evaluate exact geometric sagittal projections.
Such exact circular attrition is not explainable by simple wear. Specific effects or form relationships, which continuously acted toward this kind of development, must have existed from the beginning.

Therefore, we may assume that teeth, as long as they are subject to little pressure will continue to grow more than those exposed to stronger pressure. This would be a continuously acting mechanism in order to adjust the curves of the masticatory surfaces of both arches.
	Among the many individual variations of the fixed parts of the masticatory “array,” we have to consider those in which the upward concave curve of the masticatory surface did not exist. They are not especially rare. 

For all of them, it appears that the effect of the tuberculum articulare is eliminated (blocked). I have observed the following:

- An extremely low or almost non-existing tuberculum (several cases).

- Shortening of the sagittal and vertical dimensions of the ramus on one side 

- Unusual bulk of the condyle 

- The most protruding part of the condyle does not lie laterally but opposite the posteriorly tilted medial part of the tuberculum, with the middle of its anterior surface on its medial half, so that it does not stay as deep in the fossa as usual (three cases).

Extreme thickness of the meniscus, which I, however, have not observed, would also eliminate the action of the tuberculum.

Kiel, the 24th of March, 1890,
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