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INTRODUCTION

The orthodontist deals with a dynamic system lnvolv-
ing an intimate assoclation between the mestlcatory mechan-
ism and the temporomandibular joint. Because mastication,
speech, deglutltion, and respiration depend, to a large ex-
tent, on the movements of the mandible and it's relation-
ships to a siable cranio-facial base, precise‘knowledge of
the functioning of this jolnt is of importance to all the
health specialltles. The temporomandibular Joint has many
functiona. One funection 1is to aect as a compensatory mechan=
ism of the stomatognathic system. The temporomandibular
Joint ean be affected by changes of oceclusion, habit patterns,
and many other related incidences in the area. In ortho-
dontic treatment, a thorough diagnosis and a complete survey
of treatment results must include consideration of this anse
tomically complex structure.

Because 1t is nelther practical nor convenient to
probe, explore, or expose the articular structures, the only
avallable means for observing the relationship of parts,
changes, and movements in the living temporomandibular Joint
1s the roentgenogram. This objeetive to0ol has been both
used and abused to augment case reports and conclusions.

Amer (1) attempted to discover an adequate roentgen-
ographic technique of the temporomandibular joint and to ver-
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ify the statements of standard anatomical texts regarding
the normal condyle. By studying roentgenograms of living
and dry speclmens and by orthographiec study of cadavers, hls
investigation showed that there is variation of size and
form of the condyle from individual to individual and even
between the right and left condyle in the same individual.
An undistorted roentgenogram of the temporomandibulsr joint
is impossible due to the superimposition of the petrous por-
tion of the temporal bone (2)., The above noted normal var-
lation of structures, compounded with the inaccessibility
of the area and the angular variations of any xX-ray proced=-
ure, emphaslze the importance of an adequate Xx-ray technique.

In a paper titled "A Method of Temporomandibular
Joint Roentgenology for Serial or Multiple Records", Donovan
(3) concludes the problem under consideration 1s a-difricult
one., It 1s a problem that can be approached from many angles,
each with a fair amount of success; but none giving complete
satisfaction. Quality of plctures, dissimilar views and
angulations, combinations of different techniques, and var-
lations in equipment from a standard x-ray machine to elab-
orate hospltal apparatus combine to give variable results,

Different specialties of medicine and dentistry have
differing demands; and attempts at establishing norms through
cross sectional data have been unrewarding. Serial data,
properly oriented, however, might shed light on the effect
that the orthodontist or reconstructive dentist has on the
individual patient. Reber (4) points out that the radio-
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graphic image of the temporomandibular joint is generated
by polnts in widely separated planes and is not a project-
ion of the center of the joint. Image distortion, caused by
angulatlon of the x-ray source, b& variation of the target
film distance, and inexact repositloning, can cause misinter-
pretation of even the best roentgenogram. Image distortion
caused by mechanical errors of positioning the patlient and
the equipment can be minimized by an accurate method of serial
repositioning,

The Updegrave technique (5) presents a simplified
method of utilizing accessories, at minimal cost, adaptable
to the dental office and requiring no special x-ray skill,
This technique produces roentgenograms giving excellent
functional condyle-fossa relationship. Work done by Baxt
(8) has shown this to be a reliable technique in the repos-
1tioning of skulls in centric occlusion. By modifying the
Updegrave temporomandibular Joint board with a set of aux-
1liary poilnters, Baxt has shown more accuracy of reposit-
loning of the same skulls, The reliability of repositioning
of living subjects by the Updegrave technique and the Upde~
grave technique modified by Baxt must be tested to show the
value or limitations of these techniques as useful elinical

and experimental tools,



PURPOSE

The purpose of this study is:

i) To test the reliability of repositioning living
human subjects for serial study, using the Updegrave board.

2) To test the reliability of repositioning living
human subjeéts for serial study, using the Updegrave board,
as modified by Baxt.

3) To cbmpare the reliability of repositioning by
these two methods.



REVIEW OF THE LITERATURE

There are many techniques and methods of temporo-
mandibulér Joint radiography described in the past and pre-
sent literature. A review of this literature emphasizes
some universal and, to some extent, unsolved problems which
appear in article after article. Because of the location
of the joint, proximal to the dense petrous portion of the
temporal bone and immediately under the base of the skull,
a free presentation of the various parts of the joint is
impossible. Shadows of these irregular bony parts mask the
lesser more regular profile of the Joint area. Most of the
techniques project the central X-ray beam in such a way as
to avoid the denser more irregular structures. The angula-
tions that are used to avoid superimposition of parts often
are oblique to the axis of the Joint, and thus they give a
somewhat distorted presentation of the Joint parts,

Norgaard (9) placed the radiographic approach to
the joint into two groups, either proflle or enface, and de-
scribed both groups. For a profile lmage of the condyle
and the glenoid fossa, the oblique lateral transcranial pro-
Jectlon 1s the better approach (9), (10). To this end many
angular transcranial techniques have been déscribed;

Berry and Chick (11) grouped the oblique lateral
transcranial techniques into pre-auricular, after Gillis
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(12), and post-auricular, after Lindblom (13). The terms
iy pe-auricular" and “post-auricular" refer to the entry
point of the central ray on the side of the hesad away from
the joint to be radlographed. By radlographing skulls mark-
ed with radio-opaque brass wires, they attempted to show
the preclae area of the joint deplcted in the different
approaches. They concluded that the post-auricular tech-
nique yielded‘anatomically more correct outlines than the
pre-auricular one. Thils study also pointed out that the
region most frequentiy used to deduce Joint space dimensions
and condyle positions is unfortunately the region principally
effected by dlstortion due to angulation change. The use of
a positioning method to maintain the degree of distortion at
the same level for any one particular patient was suggested.,

In thls paper no attempt will be made to compare the
many techniques but to review several approaches most spplic-
able to the clinical orthodontist. A4 distinet condyle-fossa
profile and a positioning method reliable for serial study
wlll be of prime importance. '

Humphreys (14), in 1932, used an angulation technique
without any special directional device. He drew an imagin-
ary triangle on a line drawn from the condyle to the mastoid
process on the tube side of the head. He directed his x-ray
beam about ten degrees downward and ten degrees forward to
the opposite joint through the apex of this triangle. The
fillm cassette was in a horizontal position on the side of

the Joint to be radiographed.
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Sproull (15), in 1933, used a twenty-three degree
angle board and directed the central ray e measured three
Inches above the uppermost part of the ear.

In 1935, Gillis (12) with the patient's head tilted
agalnst the fllm cassette had the end of the x;ray tube cut
80 that when placed against the head and toward the far
Joint, the central ray was directed at an angle of twenty
degrees,

' Reisner (16) used a fifteen degree angle board with
the mid-sagittal plane of the head parallel to the board.
The entry point for the central ray was then measured two
lnches above and about a half an inch in front of the extern-
al auditory mesatus.

Lindblom (17), first with a beam director indicator
in 1933, then with a transfering bow in 1938, aimed the cen-
tral ray at a filxed angle to the cassette. The angle was
directed to pass as close to the longitudinal axis of the
condyle as individual variation would permit. His angula-
tion was fixed fifteen degrees downward from the horizontal
plane and filfteen degrees against the frontal plane. Lind-
blom, citing Schwarz (18); brought out the importance of the
upright position of the patient's head in an unstrailned pos-
ition. In these earlier approaéhes to roentggnography of
the tempbromandibular joint, most emphasis was placed on
the finding of the proper angulation of the central ray to
colnelde with the axis of the Joint and the point of entry
on the opposite side of the skull to best project the joint
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with a minimum of superimposition.

Work done by Amer (1), Craddock (19), Schier (20),
and others measuring human skulls to try to determine the
angulation of the mandibular condyle revealed variability
from one skull to another and even between the right and
left sides in the same skull. After utilizing measurements
taken on 200 human skulls, Schier reported a new projection
angle that would not be fixed for all persons but would be
determined individually. He directed the central ray per-
pendlcular to a plane, determined by the high point of the
zygoma, gonion; and the prominence formed by the union of
the external oblique line and the lower border of the mand-
ible. This plane, called the " planar determinant", was de-
termined by the individual anaiomy; With the patiént's head
upright, the film cassétte was positioned contacting ihese
three points and the central ray was directed perpendicular
to the film.

Craddock took measurements on twenty six randomly
selected mandibles, and he showed that the orientation of
the condyles approached closely to billatersl symmetry. In
examining over 100 patients, he showed that a standard fif-
teen degree orientation would coincide with the condylar
axis 70% of the time, a fair angle 20% of the time, and a
poor angle 10% of the time. He stressed an upright tech-
nique and suggested Schier's planar determinaent as the only
way wide individuel variations may be anticipated. He felt
that by simple inspection and placing the patient in the
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proper plénes of reference, with the head contacting the
cassette, the reposltioning of the patient's head for sucec-
esslve ldentical radiographs would not be difficult to
achileve.

Updegrave (6) combined the fifteen degree angle
board with the method of Parma (21). He attempted to stim-
ulate roentgenographic investigétion by seeking a simplified
method which would give consistently satisfactory results
with regular dental office equipment and average dental
radiographic skills. To the x-ray tube, Dr. Updegrave added
a lead diaphragm with a small aperture to reduce the second-
ary radlatlon and it's resultant fogging of the film snd loss
of distinction. He élso brought the tube as close to the
irrelevant joint as possible to get the maximum distortion
of the irrelevant joint. This resulted in less apparent
superimposition on the relevant Joint. The relevant joint
was placed as close to the film cassette sas possible to ob-
tailn a good view of this Joint with minimum distortion.

Updegrave (7) modified his board to maintain a con-
stant position of the tube to the patlient and the patient
to the board in multiple exposures, and to reposition in
subsequent exposures. In folloﬁing the thinking of Schier
agalnst the fixed angle approach, Updegrave, while using the
fifteen degree angle board and the tube angulated at a con-
stant ninety degrees, used the anatomy of the patient to de-
termine his sagittal plane relation to the film plane.

In hundreds of examinations at the Temporomandibul-

Joint Clinic at Columbia University, Chays and Finkelstein
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(22) found the Updegrave tecﬁnique to be one of the most
useful. Because of difficulty with arthritic patlents, they
modified the Updegrave technique into an upright position.
The faults of the Updegrave board that they attempted to rem-
edy were the lack of visibility of the ear plug in position,
the length of time required to align the tube, and to pro-
vide a more accurate reading for the saglttal plane. The
temporomandibular joint roentgenograms they obtained with
thelr modification and with the Updegrave technique were
simllar.

In 1959, Zech (10) compared the original Updegrave
technique with the sagittal plane parallel to the film, with
two other projections and found the Updegrave giving the best
condyle, fossa, and eminence profile and their interrelation-
ship. Attempts this far had been more in the realm of better-
ing x-ray technique and providing a means of proper angula-
tion. The position of the patient's head had been, for the
most part, lined up by eye. Linear measurements (13), (16),
triangular figures (14), or mathmatical formulas (23) were
used to determine the interposition of the X-ray fubé, the
patient's head, and film.

With the acceptance of the cephalometer (24), atten-
tion was focused on the desirability of a positioning device
to better orient and relate radiographic diagnostic material
and technliques. The necessity to provide for the repeated
repositioning of an individual, so that accurately compar-

able roentgenograms could be obtained, was emphasized. Func~-
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tional records require a means of holding the head in the
same plane for multiple exposures and also for serial stud-
les. A recordable method of repositioning the head and
film source 1s necessary. Repositlioning devices range from
simple angle boards to elaborate head holding equipment.

In 1937, Higley (25) used a cephalostat with calib-
rated scales to record the upright head position. The pat~
lent's head was rotated twenty degrees on the vertical axls
and ﬂipped four degrees to the horizontal. These angulations
were kept constant for all patients. Measurements taken
from 250 skulls by Higley and an additlional 2000 measured by
Maves (26) showed that there was individual variation, but
that Dr. Higley's angulations were proper for the ma jority
of the condyles;

Speidel and Maxon (27) investigated the Higley tech-
nique to test the rellability in that an operator could re-
peat it on a given subject with identical results. The con-
dylar pogitions were measured from standard horizontal and
vertical reference lines projected on to each film from the
flxed cassette holder. The right and left joints of thirty-
81x human subjects were roentgenographed on two separate
Ooccasions by the same operator. The condylar positions were
measured to the nearest one-tenth of a millimeter and show-
ed deviations in position of the two radiographs of less
thgn two millimeters in 75% of the cases.

Speldel and Goldberg (28) used the same method but

with a second operator independently taking the second roent-
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genograms; They showed deviations of less than three milli-
meters betweén operators.,

In 1953, Donovaen (3) designed a head positioning de-
vice which maintains the head in an upright position. He
used the back of a Broadbent-Bolton cephalometer to attach
his head holding device and tipped the anterior-posterior
X-ray tube nineteen degrees caudad and fifteen degrees ven-
trad. This method was similar to Lindblom's and was design-
ed to make all the mechanical factors consiant and to facil-
itate accurate comparisons of serial radiograms. Ruskin (29)
tested Donavan's orienting device and concluded that it per-
mitted aceuraté duplication of temporomandibular Joint radio-
graphs. Ruskin's work was done on a series of ten dry skulls.

Lawther (30) designed and adapted a head positioner
to the Broadbent-Bolton cephalometer. The patient's head
being tilted so that the porionic axis, instead of-being par-
allel to the central ray, as in cephalometric study, 1s at
an angle ten degrees downward and twelve and one-half degrees
forward to the central ray. He positioned and fixed the head
in position by a moveable set of ear rods and a nasion rest.
This positioner assured sccurate repositioning. All pat-
lents were placed in the same precise relation to the x-ray
Source regardless of individual condyle axis. The use of
the long target film distance in the cephalcmeter elimin-
ates distortion and enlargement, and, combined with the
large cassette, allows the accurate use of landmarks outside

the joint for reference.
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Updegrave proposed a 8implified technigue using
standard dental office roentgenographic equipment, combin-
ing the angle board with an ear rod and an anatomical deter-
minant for the sagittal plane. With two simple scales, he
attempted to record this position and, with simple rods on
the board to keep the tube positlon constant, the central
ray was dlrected at the same spot on the board.

Reber (4) tested to determine the interpretive reli-
abllity of the data obtained from the Updegrave board. Reber
showed that the linear dimensions obtained from radiographs
of the temporomandibular joint are limited in determining
morphologic features.

Baxt (8) showed reliability of repositioning of dry
human skulls with the Updegrave board. By adding auxiliary
polnters to the vertical scale and the tube head, Baxt fac-
1litated a more acecurate repositioning of the skulls. He
showed 1t was possible to make accurate measurements of the
anterior, superior, and posterior Joint gap by measuring

directly from x-rays.

The accuracy of the Updegrave technique and board
and specifically the accuracy of the repositioning method as
well as the modified method of Baxt must be tested on human

subjects and the value and limitations made known.



METHOD AND MATERIALS

This experiment was desligned to test the extent to
which a éubjectfs posltion could be duplicated in both the
Updegrave technique and the Updégrave technique modified by
Baxt, hereafter referred to as the modlfied technique. 4
comparison of the position of the mandibular condyle, in re-
lation to the glenoid fossa, of the first roentgenogram with
1t's position in a seecond and then a third roentgenogram was
thé method of determining repositional aceuracy.

Nine male dental students from the Western Reserve
University School of Dentistry were used as subjects. No
preference was made to age, physical size, or Angle class~
1fication. The only requirement was that each subject pre-~
sent sufficient teeth, natural or artificial, to insure a
stable centric ocelusion. None were undergoing any ortho-
dontlc or dental treatment during the time of the study that
might alter the centric occlusion, Subjects were plcked
more for thelr dependabllity and thelr interest in this
study.,.

411 roentgenograms were taken within one month's
time. All subjects were radiographed in both the Updeérave
and the modified techniques the same number of times. Three
trials were run: each trial consisted of two positions, X"
and " X+1", for each method to give twelve roentgenograms

14
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for each subject. A total.of 108 roentgenograms were used
for this study. No two successive pletures were taken on
the same subject, and a period of at least forty-eight hours
passed between taking of any roentgenograms of successive
trials. The subjects were divided into groups of three for
convenienée-in X-ray procedure, and were radiographed in ran-
dom order. Group appearance was randomlzed by time availa-
bility. Individual order in each group was randomized by
drawing nﬁmbers before each trial and before redlographing
i1n each position and method within the trial. As many as four
roentgenograms of each subject were taken at one time but
never more than one in any one trial. Neither method was
given preference in order.

The "X" position for all subjects was determined by
following the technique of Updegrave. Each subject was asked
to rest the left side of his head on the board, with his ear
over the ear rod, in a comfortable position. The subject was
then assisted to contact the board at three points: the ear
rod, the high point of the zygoma; and the angle of the mand~-
ible (Fig. 2). This head position was then recorded by rais-
i1ng or lowering the Updegrave protractor rod assembly and by
lining up the sagittal scale. The Updegrave readings were
determined by lining up the tip of the patient's nose and the
sagittal scale by eye (Fig. 1 and 2). In the modified tech-
nique, a pointer is added perpendicularito the vertical scale
to contact the tip of the nose (Fig. 3 and 4).

To test the accuracy of the recording devices and
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Fig. l.--Standard Upde- Filg. 2.--Standard Upde-
grave board. grave board with patient in
position,

|y

Fig. 3.--Modified Upde- : Fig. 4.--Modified Upde-

grave board. grave board with patient in
position.
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also to show what effect the élteration Oof the central ray
would have, a position "X41" was devised. The "X" readings
on both the vertical scale and sagittal plane scale were in-
creased by one full measuring unit. This forced the subject
Into a less comfortable position, in felation to the angle
board, and the position was determined largely by the posi-
tioning scales. All scale readings were recorded énd, on
all repositioning trials, the scale values were first set,
and then the patient was positioned to conform to them,

In the modified method, the nose was brought into
actual contact with the pointer (Fig. 3). In the Updegrave
method, the position was sighted by eye (Fig. 2). The Upde-
grave board has two vertical rods to be used in positioning
the x-ray tube, in relation to the board. The tube is posi-
tioned by eye, so that one rod bisects the iength of the tube
casement, and the other bisects the width (Fig. 5). This
procedure was followed in the Updegrave technique. In the
modified technique, pointers are attached to the outer rim
of the diaphragm that replaces the Xx-ray cone. The pointers
are at right angles to each other and bisect the center of
the diaphragm. The pointers are ad Justed to contact the
aligning rods of the board eliminating the aligning by eye
of the Updegrave technique.(Fig. 6).

The source of x-ray was a standard General Electrie
190 dental x-ray machine. The cone was removed and the Upde~-
grave dlaphragm was put in place. The standard Updegrave
board was used for thg Updegrave meﬁhod. The modifications
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Fig. 5.-=-Tube position- , Fig. 6.--Tube position-
ed by the Updegrave aligning ed with the Baxt pointers

rods., contacting the aligning rods.

Fig. T7.--The Updegrave : Fig. 8.--The modified
technique. technique,



19
of Baxt were zdded to the sténdard board in the modified
method. KXodak Blue Brand film in an 8 x 10 cassétte, with
an Intensifying screen, was used allowing six pictures to
be taken on each film. One-third of a second exposure time
at 10 M.A..and 65 K.V. was used for all subjects, regardless
of slze. This posed some range of darkness but did not
effect the interpretation of the film, Only the left joint
was roentgenographed, and the patient was always asked to
close in centric occlusion. Centric occlusion was used be-
cause 1t 1s the most reliable position of the condyle in the
glenoid fossa (2), (31). It has been shown that condyle to
fossa relationship does not change with light biting force
as opposed to clenching forece (30). So all subjects were
asked to bite firmly, letting occlusal anatomy determine the
mandlbular position.

All measurements were made directly on the devel-
oped roentgenogram. The accuracy of direct measurements on
the roentgenogram without tracing outlines and without cal-
culation from other values taken from the film is brought
out by BJork and Solow (32). To show the relation of the
condyle to the fossa, the joint gap area was measured to the
nearest one-tenth of a millimeter with a fine pointed Boley
gauge. The anterior, posterior, and superior joint gap were
all measured. To determine the area to be measured, the
method of Graddock (19) was modified to use the wire assem-
bly orienting lines'of.the Updegrave board. A line was first

drawn from the high point of the glenoid fossa perpendicular
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to the horizontal orienting line. Two lines were drawn at
45 degree angles from the horizontal orlenting line. Line
"A" was made to pass through the narrowest portion of the
anierior Joint gap, and to intersect the horizontal orient-
ing line at a 45 degree angle, znd to cross line "B". Line
"C" was made to pass through the polnt of intersection of
line “A" and " B" and to intersect the horizontal orient-

ing line at an aﬁgle of 45 degrees.

45"’ Yy6o

Fig. 9.--The anterior, posterior, and superior joint
gap determinant.

The degree of accuracy with which the subjects were
repositioned for their second and third roentgenograms in
both methods and both positions in each method was determ-
ined by comparing corresponding measurements. A statist-
ical analysis of the data was applied acecording to accepted

procedures.



DISCUSSION

The reliability of repositioning for serial study 1is
summed up in Table 9. Using the modified Updegrave tech-
nique (My) in position onme (P1), Joint gap measurements in
reposltioned roentgenograms were accurate to ¥ .124 nillimet-
ers. The Updegrave technique (M1) was accurate to *+ 231
millimeters. No significant difference in repositioning was
noted in P; and P, of the Updegrave technique or in Py of
the modified technique. The canblnation of the angle board
contacting the three anatomically determined landmarks as
prescribed by Updegrave and the auxiliary pointers added to
the Updegrave board by Baxt produced more accursate reposit-
loning than the standard Updegrave board alone.

The joint gap area was‘altered by change of position,
a8 in Py and Py, but due to the large inherent varlability
of the subjeects, no significant changes could be applied to
all subjects attributed solely to the positional change.
That is, gap area in one Joint might be larger in Py, and in
another joint, the gap ares might be larger in P2. Due to
the large varlance from subject to subjeect (Fig. 10), the
changes in gap area attributed to positional change were not
slgnificant. This pointed to a well established view ---
that there is great anatomic variance among individuals, and

great difficulty arises if one tries to relate one individ-

~a
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ual to another.

The effect of change of position within one subject
was significant in both methods. Method two, only, showed
a slgnificant difference of accuracy of repositioning, di=-
rectly attributed to position across all skulls. For all
the comblnations of methods and positions, no one éap area,
anterlor, superior, or posterior, showed to be any more

accurate than the other, in terms of analytical error.



FINDINGS

The data was recorded in three separate tables,
headed Anterior (Z;), Posterior (25), and Superior (23) Joint
Gap. (Tables I, 2, 3). Method one (M;) designates the Upde-
grave method; method two (Mp) designates the modified meth-
od; position one (P1) corresponds to the X reading on the
scales; position two (P2) corresponds to ihé X+l readings.
Subjects were numbered Ny through Ng.

The data was first assembled and set up in a table
for analysis of variance. There were five variables to be
considered:

1) Z, the gap belng measured

2) M, the method used

3) N, the individual subjects

4) P, the position of the subject

5) C, the three trials made under each set of
conditions

After considerable difficulty in a preliminary analysis of
variance, 1t was decided to treat Z as a variable nested
within N. This means that for each subject, N, the gap read-
ings will be a unique function of that particular subject.
Thus, for a subject with a large joint area, all gap readings
will be large, and on a subject with a small joint area, all

gep readlngs wlll be small., C 18 a nested variable within

oA
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ZNPN 8ince it is a unique function of these four variables.

An analysis of variance was made and the various
effects were tested against the analytical error, G(ZiMPN).
When this was done, all the higher order interactions con-
taining N proved to be significant. This pointed out that
this study contained essentially two iypes of error; the an-
alytical error, and the error that results from the inherent
varlability of the individual subjects. Since each subject
i1s unique, there is an error term which arises from the part-
lcular construction and configuration of the individual skull
and joint area. This error term was designated as PuZ(N).

4 second énalysis of varlance was performed testing
the effects against PMZ(N) for significance. Knowing the
analytical error and the total variance, the magnitude of
the individual variances were found using the components of
varlances. For example, knowing the value of T2C (ZMPN) and
the value of ¢2C(ZMPN) + CTZPMZ(N), the magnitude of C2PZ(N)
can be found.

The final procedure was to determine the magnitude
of the analytical errors as a function of the variables Zy
P, and . The analytical error C(N) was first determined
for each set ZPM. These values were Cochran tested by divi-
ding the highest error variance in the group being tested
by the sum of the error variance for the group. This ratlo
was then compared with a eritical ratio from a Cochran table
to determine if the errors were homogeneous.

The error terms were first tested for homogeneity

across Z., Thls was done because it was felt that since Z
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was a nested variable, these error terms might prove to be
homogeneous. The error terms were then tested across P and
finally across.M. A table of error variances and a table
for the standard errors was then constructed.

The results of the analysis of variance, when test-
ing against the analytical error, are found in Table 4. The
significant effects were N, Z(N), MN, MZ(N), NP, PZ(N), PMZN,
and MPN. The results of the analysis of variance for a test
against skull error are contained in Table 5. Here the sig=-
nificant effects were PZ(N), NP, Z(N); and N,

The magnitude of the individual varisnces of individ-
ual effect that are significant when compared to the analyt-
lcal error are found in Table 6. This table also contains
the effects as a percent of the analytical error.

Table 7 contains the values for the variances of
each ZPM set. Table 8 contains the pooled values for these
varlances. Table 9 glves the standard errors that correspond

to these variances.
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TABLE I

ANTERIOR JOINT GAP (Z)

M1 P1 i Pl
N T, T, T4 N Ty T, T3
1 2.9 3.0 3.0 1 3.3 3.2 3.3
2 1.3 1.2 1.4 2 0.9 1,0 1.4
3 2.4 2.4 2.2 3 2.5 2.6 2.4
4 2.4 2,3 2.6 4 2.0 2.1 2.3
5 4,3 4.6 4.5 5 4.3 4,5 4.2
6 1.6 1.9 1.5 6 1.4 1.4 1.6
T 3.7 3.0 3.6 7 3.0 3.2 3.4
8 1.6 1.4 1.5 8 1.5 1.7 1.7
9 3.6 3.7 3.7 9 3.9 3.8 3,7
M P2 Mz P2
N T3 I Tz N T T2 Iz
1 3.9 2.7 3.4 1 24 3.0 3.4
2 0.7 0.7 0.4 2 0.4 0.4 0.5
3 2.8 2.4 2.7 3 3.0 2.4 3.0
4 2,0 2.5 2.2 4 1.6 1.9 2.0
5 5.5 5.6 5.2 5 4.4 5.0 4.7
6 1.3 1.5 1.0 6 1.8 1.4 1.3
7 3.3 2.5 3.4 7 3.0 2.8 3,0
8 1.3 1.2 1.3 8 1.5 1.4 1.5
9 3.5 4,0 4.2 9 3.7 4.0 4.1
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TABLE 2

POSTERIOR JOINT GAP (Zo)

M1 P1 Mp Py
N Ty T, Ty N Ty T, Ty
1 2.4 2.3 2.6 1 2.4 2.4 2.5
2 3.4 3.2 3,0 2 2.7 2.8 2.5
3 3.2 3.4 3,3 3 3.4 3.4 3.4
4 2.5 2.3 2.0 4 2.4 2.4 2.3
5 1.8 2.0 1,8 5 2.4 2.3 2.3
6 2.0 2.4 2,5 6 2.3 2.0 2.1
7 2.8 2.6 2.5 7 2.9 2.7 2.9
8 2.0 1.9 2.3 8 2.3 2.4 2.4
9 3.3 3.2 3.5 9 3.2 3.2 3,1
i P2 M Py
N T4 T T3 N iy Io Iz
1 2.9 2.9 2,5 1 2.6 2.5 2.6
2 3.0 2.8 2.7 2 2.5 2.3 2.4
3 3.2 34 3.7 3 2.7 3.2 3,2
4 1.7 1.5 1.8 4 2.2 1.5 1.2
5 1.9 1.9 2.1 5 1.7 1.8 1.9
6 2.8 2.1 2.4 6 2.4 2.5 2.4
7 2.8 2.5 3,0 7 2.9 3.0 3.2
8 2.2 2.2 2,0 8 2.2 2.3 2.2
9 3.6 3.3 3,2 9 3.2 3.2 3.4
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TABLE 3
SUPERIOR JOINT GAP (25)
i Ep | Yo Pp
N Ayl _To TE N T4 To T3
1 2.3 2.6 2.6 1 2.8 3.0 2.9
2 3.5 3.2 3.2 2 2.9 3.0 3.2
3 3.4 2,9 3.5 3 3.4 3.2 3.5
4 3,0 3.2 3.2 4 2,6 2.7 2.8
5 2.7 2.4 2.8 5 2.6 2.4 2.5
6 4.2 4.4 4.7 &6 4.1 4.3 4.4
7 3.4 3.5 3.9 7 3.5 3.3 3.5
8 3.2 3.0 2.8 8 3.0 3.1 2,9
9 4.4 3.8 4.5 9 4.2 4.0 4.2
My Fp %, Pp
N T T, T N Ty Ty Ty
1 2.8 2.7 3.2 1 2.6 2.8 2.8
2 2.5 2.0 2.4 2 1.5 1.2 1.5
3 3.3 3.5 3.6 3 3.4 3.1 3.4
4 2,5 2.7 2.5 4 2,2 2.2 2.
5 3.7 3.3 3.8 5 4,7 4.1 4.2
6 4.3 4.4 3.7 6 4.4 4.3 4.5
7 3.0 2.5 3.2 7 3.4 3.2 3,5
8 2.4 2.2 2.5 8 2.6 2.6 2.7
9 4.2 4.3 4.3 9 4.4 4.5 4.4
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TABLE 4

ANALYSIS OF VARIANGE (ANALYTICAL ERROR) A N OV A

8.V, _S.5. D.F. .S, F. F. CRIT.,

N 98.313 8  12.289 278.6 1.98 sig.
Z(N)  148.555 18 8.253 187.0 1.62 Sig.
Mo .203 1 .203 .T42  5.32 N.s.
MN 2.189 8 2736 - 6.20 1.98 5ig.
HZ(N)  2.151 18 .1195 2.71 1.62 Sig.
P 546 1 546 37T 5.32 N.S.
NP 11.589 8 1.4486 22.84 1.98 sig.
PZ(N) T.238 18 .4021 9.12 - 1.62 5ig.
MP 033 1 .033 .219  5.32 N.S.
MPN 1.204 8 .1505 3.41 1.98 sig.
PMZ(N)  1.871 18 .1039 2.36 1.62 Sig.
G(ZMPN? S ?:257 g%% .0441; S ———. e

Sig. -- significant
NeS. == not significant

Significant effects
N, 2z(N), MN, uMz(N), NP, PZ(N), PMZ(N), MPN

Tested égainst analytical error

S.Ve -- source of varlance
SeDe == sum of squares
D,F. -- degrees of freedom
M.S5. -- mean of squares

Fo - F test

Fo CRIT. - Fo Critical
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TABLE 5

ANALYSIS OF VARIANCE (SKULL ERROR) A N O V A

S.V,. S8, D.F. M.S. P F. CRIT,
N 98,313 8  12.289 82,5 2,10 Sig.
Z(N) 148,555 18 8.253 55.4 1.75 Hlz.
M .203 1 «203% 161 4,08 N.8.,
MN 2.189 8 2736 2.17 2.18 N.S.
¥Z (N) 2.151 18 .1195 1.01 1.99 N.s.
P 546 1 546 377 5.32 N.S.
NP 11.589 8 1.4486 12,25 2.32 3ig.
PZ(N) 7.238 18 . 4021 3.40 1.99 sig.
w o .033 1 .033 .279  4.23 N.S.
PN 1.204 8 .1505 1.45 2.51 N.S.
PMZ(N) 1.871 18 .1039 -—- ---
Total 273.892 107

olg. -- significant

N.S. == not significant

Slgnificant effects
Pz(N), NP, Z(N), N
Tested agaiﬁst highesat order interaction

S.V. -- source of variance

S.8. -~ sum of squares

D.F. =-=- degrees of freedom

M.S. -- mean of squares

F. -- F test

F

e CRIT..-=- F, critical
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TABLE 6

MAGNITUDE OF VARIANCES

Variance % G2¢ (ZMPN)

é?igtical 0~ G ( ZMPN) <0441 100.0

Skull " |

Error g 2PUZ(N) 0199 45,1
TeMPN L0104 2%.6
TeMP 0 eeeee meeee
0 2PZ(N) .0597 135.4
GCeyp .0725 164.4
T2  emeee cmmen
T 2MZ(N) .0127 28.8
q 2N .0123 27.9
T2y 0 emeee eeee-
T 22(N) .651 1476.
e .329 746,
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TABLE 7

TABLE OF VARIANCES FOR EACH ZMP SET

2, Zg Zz
M1P4 .0306 0344 0594
i1 Po 1094 0467 .0606
M,Py .0228 .0083 .0150
M Po .0711 .0461 .0244
TABLE 8

POOLED VARIANGES (ANALYTICAL ERROR)

M Mo
Pl .0536 0154
Ps 0536 .0536
TABLE 9

STANDARD ERRORS (ANALYTICAL)

M, i,

Py .231 124
P, .231 .231




SUMMARY AND CONCLUSIONS

An attempt was made to evaluate the accuracy of repo-
sltloning for serial study of:

1) The Updegrave technique of temporomandibular
joint radiography using the Updegrave board and
positioning devices.,

2) The Updegrave technique of temporomandibular
joint radiography using the Updegrave board as
modified by Baxt with a set of auxiliary point-
ers for positioning.

A comparison of the accuracy of each of these two methods
was made.

This investigation was performed on a group of nine
dental students, who were radiographed in three reposition-
ed trlals, in two different positions in each of the above
methods. A total of 108 roentgenograms were measured direct-
ly from the film, and the measurements were compared by
accepted statistical procedures.

An interpretation of the evidence presented indicat-
ea accuracy within two-tenths of a millimeter in all positions,
and accuracy within one-tenth of a millimeter in the modi-
fled Updegrave technlque in position one.

The slgnificant effects were:

1) PZ(N), the interaction of the gap reading with

34
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skull position for individual skulls.

2) NP, the interaction of skulls and positions,

3) z(N), the variability of the three gap readings

for different skulls.

4) The variability among skulls,

The skull error is of the same order of magnltude as
the analytical error and contributes significantly to the
total error.

The two most significant effects in terms of variance
are Z(N) and N.

The standard analytical error for method two in posit-
ion one (MpPy) is significantly smaller than the error in all
other positions and methods.

For any combination of method and position, the three
gap readings can be considered to produce the same analytical
error. |

A change of head position on the board results in a
change of the measured gap area In all skulls. However, due
to the variabllity between skulls, significant changes direct-
ly due to position change c¢ould be shown only for individual
skulls., Joint gap measurements varied among skulls, and
all three areas varied independently with individual sub-
Jects. No one gap area, anterior, superior, or posterior,
showed any greater degree of accuracy than the others. Acc-
uracy of repositioning was not significantly effected by po-
sition except in MoPy. The addition of auxiliary pointers
lncreased the repositional accuracy of the Updegrave tech-

nique of temporomandibular joint roentgenography.
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