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Dental landmarks common to casts
and lateral radiographs are used to
orient casts for analysis of three-di-
mensional dental measurements in
relation to skeletal measurements de-
rived from the radiograph. Orienta-
tion and measurement of casts is ac-
complished with a three-axis mount-
ing and measuring device based on
the principles of the larger cranio-
stat.

Two distinct methods of measure-
ment have been commonly employed
in the orthodontic study of dento-
facial structures. The first involves
obtaining direct measurements from
the mouth, head and face of the live
subject; this was popular with many
early clinicians and research workers
such as Hellman.!

The second is based on indirect
measurements taken from radiographs
or their tracings. Roentgen rays were
first used in the anthropometry of the
skull by Pacini? in 1922,

The need to standardize the images
and make them more consistent and
repeatable led Broadbent® to intro-
duce the cephalostat to orthodontics.
His original technique included a
method for orienting dental casts to
the radiograph, using a modified bite
fork. This very difficult procedure has
not survived in practical application.
The method that will be described
here accomplishes that result by a
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much simpler method using dental
landmarks common to both the casts
and the lateral radiograph.

Broadbent and Brodie®5¢ used ra-
diographic cephalometry to demon-
strate individual dentofacial develop-
ment with serial radiographs. Postero-
anterior radiographs provided the
third dimension in some of these stud-
ies, but these films provide limited in-
formation on dental dimensions.

Changes in dentofacial structures
in the antero-posterior direction, as
seen on lateral radiographs, and
changes in dental arches as seen on
study casts, have been examined sep-
arately over the years.

Analysis of vertical mandibular
changes was greatly enhanced by
Bjork’s™® method of superimposition
on recognized anatomical landmarks
in the mandible, based on implant
studies. The direction of condylar
growth and the type and degree of
mandibular rotation are two results
of such analysis. However, the exam-
ination of many changes in the lateral
dimension remained unresolved.

Many of the methods used in the
analysis of dentofacial structures have
been computerized in order to save
time and expand analytical capabil-
ity. This has been done with the idea
of obtaining growth projections and
even treatment plans. This is seen
in large institutional data banks® and
in publicly available service agen-
cies.’® The computerized methods
utilize the lateral and/or the postero-
anterior radiographic image.10:11:12
They may involve such sophisticated
equipment as semiautomatic or fully
automatic scanners which can dis-
criminate between as many as sixty-
four shades of grey in the 40,000 seg-
ments of the field of view.

It would seem, however, that unless
the same measurement is shared by
each of the three dimensions, whether
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computerized or not, an absolute cor-
relation is not possible. The closest
approach to a three-dimensional anal-
ysis has been achieved in the clinical
environment by “eyeballing” the stan-
dard lateral skull cephalometric ra-
diograph in occlusion along with the
dental study casts.

ORIENTING DENTAL CASTs

The method to be described in this
paper was developed in order to over-
come the problems of correlating mea-
surements from standard lateral ceph-
alometric radiographs with dental
study casts. It is a relatively simple
method not requiring expensive so-
phisticated equipment.

As this method involves measure-
ments within the dentofacial skeleton
in all three dimensions of space, a
base occlusal plane common to both
standard lateral skull cephalometric
radiographs in occlusion and dental
study casts is established. Since some
of the more commonly used occlusal
planes are not capable of repeated
accurate identification on both radio-
graph and cast, a modified plane is
used for this purpose.

A point on the distal surface of the
first mandibular molar is defined and
is referred to as point Q (Fig. 1). This
point is relatively easily established
on the radiographs, tracings and dental
study casts. When a double image is
found on radiographs the midpoint
is used. The plane selected on this
basis is the line joining the mandibu-
lar incisor crown tip, point I* to
point Q.

On a standard lateral cephalometric
radiograph in occlusion, or its tracing,
the plane I-Q is established in addi-
tion to other required points and
planes. Then a conventional ortho-
dontic analysis and coordinate analy-
sis are carried out. For this purpose
the established plane I-Q is considered
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Fig. 1 The distal contact point of the man-
dibular first molar, defined precisely as the

point at which the perpendicular to the oc-
clusal surface of the tooth meets the distal
contour, is referred to as point Q®.

as the X axis for the coordinate analy-
sis. A line drawn at right angles to
this X-axis at point Q is established
as the Y-axis. A typical tracing of a
lateral radiograph is shown in Fig. 2.

Cast Measurement

The I-Q plane is established on the
" dental study cast using the instrument
and its accessories to be described.
This is based on the same exact points
defined and selected on the lateral
skull cephalometric radiograph. Un-
like the radiograph, the point Q on
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the casts is not one point but two, on
the first permanent molars of the
mandible. Thus, when this plane is
established on the dental study cast
and the arch measurements made be-
tween those points, they are at right
angles to the mid-sagittal plane. This
provides measurements in the lateral
dimension exactly correlated to the
other two dimensions already avail-
able from the lateral skull cephalo-
metric radiograph in occlusion.

Utilizing this technique, any re-
quired measurements can be carried
out and related to those of the dental
study cast. As an example, the verti-
cal and anteroposterior coordinates of
the mandibular cuspid crown tips can
be related to the lateral dimensions of
these same teeth on the dental study
cast and to any other arch measure-
ment such as the inter-cuspid distance.

This correlation of the measure-
ments requires the orientation and
measurement of dental study casts in
the selected plane I-Q. Since com-
monly available measuring instru-
ments are not sufficiently versatile, it
was necessary to design special equip-
ment for localizing the plane I-Q and
making the appropriate measure-
ments. The following criteria were
considered in this design.

1) Easy accessability for clamping
and changing the study casts.

2) Good visibility of the study cast.

3) The ability to change the orien-
tation of the study cast to any re-
quired level or tilt.

4) Measurements to be made by
moving the firmly clamped cast
against a reference pointer adjustable
in both the vertical and horizontal
planes.

5) Each measurement to be taken
as Cartesian coordinates.

6) Measurements to be made by
the use of dial calipers, with the po-
tential for future adaptation of more
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sophisticated equipment like displace-
ment transducers, X-Y plotter, or
scanner. )

The instrument shown in Fig. 3
has an adjustable stage to support the
cast and a freely movable vertical
chuck supported on horizontal and
vertical arms. Accessory T-bars and a
straight pointer are attachable to this
chuck for cast orientation and mea-
surement,

A T-bar is a three-dimensional
structure made of 0.5 mm stainless
steel tubing in varying sizes so that
one may be fitted to each cast with
the stem of the T oriented to point
I and the tips of the cross-bar to
points Q. This establishes the occlu-
sal plane on the basis of those three
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Fig. 2 A typical tracing of a lateral cephalo-
metric radiograph, using the occlusal plane
common to the dental cast measurements,

points. Two T-bars are shown stowed
upside-down in holes at the left front
of the instrument in Fig. 3. The T-
bar fits into the spring-loaded ver-
tical chuck of the measuring instru-
ment, so that it is freely movable in
the vertical plane.

During the measurement procedure,
a T-bar of appropriate size for the
cast is chosen and fitted to the chuck.
The dental study cast is fixed firmly
to the tilt-top table of the measuring
instrument with the cast clamp screw
and orientated on its universal joint
to the selected occlusal plane of the
T-bar. This establishes the selected
plane on the dental study cast.

The T-bar is then removed from
the vertical chuck and replaced by the
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Fig. 3 The cast-measuring instrument.

pointer. By moving the dental study
cast with reference to this pointer,
the required measurements are read
off the dial calipers fixed to the mea-
suring instrument.

The movement on the two hori-
zontal coordinates of the instrument
is achieved by the attachment of drive
mechanisms based on the rigid part
of the structure. Dial calipers register
movements to an accuracy of 0.02 mm.

Since the measurements are made
on Cartesian coordinates, the distance
between any two points 1 and 2 is
given by the formula:

D= \/(xl-xz)z + (Yry2)?

By this method, the measurements
obtained from the analysis of lateral
cephalometric radiographs or their
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tracings, corrected for enlargement,
can be exactly correlated to the mea-
surements of the dental study casts in

the same individual.

SUMMARY

A technique is described for relat-
ing dental structures to standardized
lateral head radiographs in occlusion,
through the use of oriented dental
study casts. This is based on an occlu-
sal plane which is common to both
the radiograph and the dental study
casts. An instrument has been de-
scribed which enables the establish-
ment of this defined plane and pro-
vides a means for obtaining arch mea-
surements in that plane, supplying
the third or lateral dimension to the
two dimensions already available from
the radiograph.
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