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Panoramic radiography offers a rapid and practical method to

produce 2 panoramic view of the entire dentofacial complex on one flat
surface. This is accomplished by a tomographic techmique which produces
a roentgenographic panorama of a predetermimed curved layer of tissue
within a three-dimensional object. Several methods are now available
for obtaining a panoramic image of the stomatognathic system. Panto-
mography, now in its infant stage, has its growing pains, but shows
great potential as a useful diaénontic tool in dentistry.

Graber, in his paper entitled "Panoramic Radiography in
Dentistry," feels that panoramic x-rays can be diagnostically helpful in
studying growth and development, resorption and eruption patterns, the
temporomandibular joints, and serial extractions procedures (1). Cer-
tainly, the above mentioned areas are of great interest and importance to
the progressive orthodontist, Graber concludes that panoramic radio-
graphy is a useful diagnostic tool.

Among the criticisms leveled at present day panoramic x-rays are
those of magnification, distortion of the image, and lack of standardiza-
tion of measurements, To be sure, refinements must take place in the
near future if panoramic roentgenography is to achieve a high degree of
acceptance by the profession. One panoramic x-ray unit, the Orthopanto-
mograph, apparently gives promise of standardization to the point of

deriving meaningful measurements.




This thesis is a discussion of the Orthopantomographic technique

as described by Paatero and its usefulness as a diagnostic tool. In con-

junction with panoramic radiography a major point of interest in this

study is concerned with the Frankfort-mandibular plane angle. Two areas

of present controversy in orthodontics concern the following:

1.

2.

Is there any difference in tooth
migration in those patients with
high, low, or middle Frankfort-

mandibular plane angle?

Does the bite open more readily

in high Frankfort-mandibular

olane angle cases than low Frankfort-
mandibular plane angle ones?

The Orthopantomograph is a most useful tool in seeking the answers of

these current questions, Therefore, this study represents an attempt to

evaluate:

1.

2.

The use of orthopantomography in
orthodontics.

The importance of the Frankfort-

mandibular plane angle in relation
to bite opening and tooth migratiom.
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The purposes of this study are:
1.

2.

4.

5.

7.

To test the reliability of repositioning living human sub-
jects for serial study, using a cephalostat especially
designed for the Orthopantomograph;

To establish standardized reference landmarks on film from
the Orthopantomograph;

To determine mesiodistal movement of the mandibular first
molar, second bicuspid, and cuspid after seven weeks of
leveling;

To determine the amount of tooth movement into the extrac-
tion site during the seven-week leveling period of ortho-
dontic patients who have had mandibular first-bicuspid
uu#tim;

To determine if there are any differences in the amount of
migration in those patients with high, low, or middle

Frankfort-mandibular plane angle;

To determine if the bite has a greater tendency to open more

readily in high Frankfort-mandibular plane angle cases than
in low Frankfort-mandibular plane angle cases; and

To evaluate the usefulness of panoramic radiography as a
diagnostic adjunct in orthodontics.
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REVIEW OF THE LITERATURE

A thorough search of the literature shows many references concern-
ing panoramic roentgenography. Most of the references are concermed with
two differently designed pamoramic instruments, the Panorex and the Ortho-
pantomograph. The Panorex employs the eccentric tomographic primciple
of roentgenography while the Orthopantomograph combines the concentric and
eccemtric tomographic principle. The Panorex is & demtal x-ray unit maua-
factured by X-Ray Manufacturing Corporation of America and S. S. White
Company of the United States. The Orthopantomograph is a dental x-ray unit
manufactured by Siemens' of Germany and Sarjavilmiste of Finland. This
study utilized the Siemens' Orthopantomograph modified by the addition of
a special cephalostat.

The review of the literature will be divided into three categories:

1. History and development of pamoramic radiology in general.

2. Discussion of orthopantomography as developed by Paatero.

3. Discussion of the Frankfort-mandibular plane angle and its

importance in orthodontics concerning bite opening and migra-
tion of the teeth.

History and Development

Panbramic roentgenography offers a rapid and practical technique
to produce a continuous image of the entire stomatoznathic system on a

single film (figure 1). This is accomplished by a tomographic technique
&
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which produces a roentgenographic panorama of a predetermined curved
layer of tissue within a three-dimensional ob ject.

Tomography is a method of obtaining such a radiographic image as
mentioned above and is based on ''the even motion existing between the
roentgen tube and the object to be pictured”(2). By rotating the x-ray
tube around the objeet and simultaneously moving the film cassette, only
the particular layer of interest will be in focus while all other layers
are blurred out. It is very similar to focusing an object with a camera.
All interwvening structures: arve blurred out except.the:object inc foeus.

Panoramic roentgenography is of recent development. Some of the
pioneers in this field are: Heckman, Paatero, Nelsen, Kumpula, and
Blackman. Prior to World War II; the German investigator, Heckman, was
the first persom to apply the tomographic process to curved surfaces (3).
However, his work was interrupted by the war, and he could not perfect his
technique. After the war, Paaterc of Finland, began his investigation
in panoramic radﬁolm. In 1948, while in search of a simple method for
full-mouth roentgenography, Paatero described the use of a mobile source
of light (x-rays) for radiographing teeth (4). In 1949, he outlined z new
tomographic technique and its application to curved surfaces (2).

In 1952, Nelsen and Kumpula (5) began their investigation of
"sanographic radiography’ at the Natiomal Bureau of Standards in the
United States. By 1957, Kumpula, Hudson, and Dickson had developed a pano-
ramic dental x-ray unit for use in mass surveys.(6) This machine was the
prototype of the Panorex end is now being manufactured by S, S. White

Dental Manufacturing Company amnd X-Ray Manufacturing Company of America.




Bleckman in England followed Psatero's lead and attempted to
perfect and stabilize his own apparatus (7). Blackman hoped that it would
be employed throughout the country for mass demtal radiography in ovder
to obtain a comprebensive survey of tooth development from early child-
hood, After some medification, he developed this into the Rotograph by
1960 (3). A year later, Dr, Blackman developed the Pamagraph which he
called an “Anglo-Swiss development.” (8) The Panagraph is a modification
of an intraoral panoramic technique first developed by Dr, Walter Ott of
Switzerland, Although it does not follow the tomographic principle,
panagraphy produces a panoramic view of the oral cavity.

hmlum&mm#mm:dtmqhyhm
dontics, Graber, (1) Gilbert, (9) Rane, (10) and Paatero (11) all sug-
gestad that panoramic radiography offered great potemtial as a diagnos-
tic aid,

Tamnisalo wrote that the orthopantomogram "offers emceptional
possibilities for measurement and mutuzl compariscn either of amy indi-
vidual testh or of any other object point from a single roentgenogram."
(12) In 1964, Kane described a cephalostat with three-dinensionsl
calibrators designed for the Pamorex for the purpose of duplicating
original settings. (10) A serial study could thus be made to determine
subsequent changes of original conditioms.

Updegrave stated that “ome of the greatest advantages of panor-
amic radiography is its scope of examination.” (13, 14) Not enly could
the teeth and supporting tissues be seem, but also the entire mandible
and maxilla., He noted that superimposition of intervening smatomic



structures are eliminated, which is important for a more accurate diag-
nosis. He also mentioned the value to the oral surgeomn of being able
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to see the teeth in their correct relationship to adjacent anatomic

P

structures and to each other.
Updegrave also stated that panoramic radiography offered other
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advantages to the operator and the patient. It is not necessary to
place individual films intraorally. Gagging is eliminated, radiation
is lowered, and this is bemeficial to children and those who have ana-
tomic abnormalities. It is also suitable for patients who are partially
or completely edentulous., This feeling is shared by Kiminki and Paatero
(15). Updcgrm concludes that panoramic radiography is especially
useful for mass screening procedures, and is applicable to certain
specialities as well as gemeral practices.

Mitchell, in 1963, reported that although panoramic radiography
was of little value for revealing incipient caries, it was particularly
useful for child patients (16). He suggested it as a useful supplement
to conventional intraoral radiography. He concluded his report by pre-
dicting further improvements in design and operatiom of the equipment.

Banasik and Dean state that panoramic roemntgemography is appli-
cable to the specialty field of preventive orthodontics when studying
and carrying out procedures involving serial extractioms (17). They
also felt that the panoramic x-rays taken during treatment could be
of prognostic value,

Another important area for panoramic radiography concerns the
temporomandibular joint. Tammisalo, in 1964, reported that panoramic
radiograms of the temporomandibular joint takem with the

.




Orthopantomographs were, in many respects, superior to corresponding
x-rays obtained by other methods (18). Graber concurred with this view-
point (1). Tammisalo, Nieminen, and Paatero further demonstrated the
versatility of panoramic radiography with their reports on the use of
panoramic x-rays involving diagnosis of the maxillary and paranasal
sinuses (19, 20),

Of great importance and concern to all health specialities is
exposure to radiation., In 1955, Hudson and RKumpula reported their find-
ings concerning the levels of radiation produced by their panoramic
dental unit and by a conventional 14-film intraoral techaique (21).
Hudson and Kumpula used the prototype of the Panorex. They showed the
total area of skin surface exposed to radiation at any point during
the cycle was less than one—squaré inch, About 12-square inches of
skin surface was covered during each individual exposure with the
intraoral technique. The highest level of irradiation during the pano-
ramic cycle was 0.42 r recorded in the cervical lymphatic region of the
neck. The highest comparable measurements recorded for the conven-
tional intraoral series of 14 exposurc;.s was 27 r in the thyroid gland
region.

Blackman, in 1960, also reported very low levels of radiatiom
emitted by his panoramic unit, the Rotograph (3). He stated that his
patients received less than one-tenth the radiation compared to the
patient who undergoes a full-mouth intraoral examination,

Mitchell, in his report on the Pamorex in 1963, noted that the
highest level of radiation at the skin surface during the Panorex cycle

did not exceed 0.21 r (16). This exposure is less than that received




by the patient from exposure of a single intraoral film using ultra-
speed film,

In 1964, Tammisalo and Karhuvaara reported the exposure using
Paatero's Orthopantomograph was approximately one-third that compared
to the conventional intraoral examination of 14 exposures (22).

Thus, it can be seen from the above mentioned reports that not
only is the amount of time of taking and developing the film conside:z-
ably less compared to the customary intraoral technique, but that the
level of radiation to the patient is greatly minimized.

Orthopantomography
Orthopantomography (23), like pantomography (24), is a rota-

tional tomographic techmique pioneered by Paatero of Finland. His
objective was to produce a panoramic view of the entire dentofacial
complex on one flat surface via a single exposure of radiation. In
1948, Paatero, in search of an easier way to take full-mouth x-rays,
utilized a mobile source of light (x-rays) for radiographing teeth (4).
Continuing his research, the following year he published his outline
of a new tomographic technique as it applied to curved outer surfaces.
In 1950-1951, working for a year and a half at the Dental School of
the University of Washington, he did research and experiments in this
field and submitted a report of the results for publication in the
United States.

Later, in Finland, he improved his method of pantomography in
order to dmloﬁ a reliable and useful method for recording, on an
ordinary flat film of radiograms, any curved layers of a three-

dimensional object.
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The Pantomograph consisicd of a motor-drivem chair, a rotating
film holder, and a stationary x-ray source (24). By revolving the object
and the film at identical angular velocities but in opposite directioms,
a panoramic roentgencgram of any predetermined curved layer of the object
was obtained., It was necessary to bend the film into the shape of the
layer to be radiographed in order to obtain a suitable representation
of the particular layer of interest.

: Pantomography is a tomographic technique which comsists of one
1 center of rotation for the patient ard film holder. This method of
] employing one center of rotation is known as the concentric tomographic

technique. The axis of rotatiom for the patient is located at a point

in the midsagittal plane just behind the third molars (figure 2).
Blackman's Rotograph alsc employs the concentric tomographic principle.
Graber made the comment that this method is fairly satisfactory for
young children and persoms with brachycephalic faces (1). e concluded
that distortion and blurring occur in dolichocephalic individuals.
Paatero, in search of better defimition of the jaws and teeth,
_ developed another tomographic technique using twc ceaters of rotation,
one for each side of the face (figure 2). He called this the eccentric
| technique. In this method, the center of rotation is behind the third
molars on the side opposite that being radiographed (24). The iastru-
ment swung over from one axis to the other as it passed the midsagittal
plane. He felt that both the concentric and eccentric techniques had
their advantages and disadvantages (25). He stated that the comceatric
pantomograms gave good overall views provided that the layer in ques-
tion was cylindrical in form. However, if the layer is parabolic, like




12

patient
rotation —

Figure 2, Left: Diagram of the concentric tomographic
principle. Shaded area represents region of exposure. Patient
moves while x-ray beam is statiomary. Right: Diagram of

eccentric tomographic principle. X-ray beam moves around sta-

tionary patient, (After Kumpula, J. W., J.A.D.A. 63:194, 1961

and modified by Graber, T. M., J. Canad.D.A, 31:158, Mar. 1965)
the human jaw, the eccentric technique is the one of choice since it
produces sharper images of the moiar and premolar areas on the film,
Paatero stated that a drawback of the eccentric technique was the
necessity of two exposures, one for each side of the jaws, and the
repositioning of the patient.

It may be of interest to nmote that the Panorex, modeled after
the prototype Mlaped by the United States Bureau of Standards and
United States Air Force, uses the eccentric tomographic technique.
Although it produces excellent views of the buccal segments, the anter-
ior segment is blurred. Furthermore, as a result of the movement caused
by repositioning the patient by the shifting of the chair, overlapping
occurs in the central part of the film, This necessitates cutting and
splicing the two halves together.

Paatero attempted to devise a method which would improve the

eccentric tomographic instrument, such as the Panorex. He wished to

eliminate repositioning the patient, the blurring in the middle part




of the radiograms, and the cutting and splicing of the film. By 1959,
Paatero had developed the Orthopantomograph in his search to refine
his own, as well as others', past work (26). The Orthopantomograph
combines the eccentric technique with the concentric technique and has
three different centers of rotation. The left and right side of the
jaws have centers of rotatiom just distal to the third molar on the
opposite side to that being radiographed. The anterior segment has
its center of rotatiom located posterior to the incisors and approxi-
mately at the bicuspid region (Figure 3). In order to produce an ortho-
pantomogram with a single exposure, the procedure is outlined as follows:
1. The x-ray head and synchronized-film holder moves from
position 1 to pocir.:lo:; 2 on the center of rotation O
to provide an image of the left side of the jaws on
the film,
2, When the x-ray beam reaches point P, which approximates
the left second bicuspid locale, the x-ray head and
film holder glides to a new center of rotation, O,,
to radiograph the anterio:; segment.
3. As soon as point N is reached, the x-ray beam begins
rotation about axis 0,; and the right side of the jaws
is reproduced on the film,
The Orthopantomograph takes sbout 15 seconds to complete its
¢ycle and produces a remarkable panoramic view of the demtofacial complex.
Professor Paatero has contributed an excellent instrument for
obtaining panoramic views of the stomatognathic system. Dentistry,
as well as other allied specialities, are indebted to him. His
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Figure 3. Diagram of
the combined concentric
and ecceatric tomographic
principle. The x~ray
beam glides around the
axis O, to radiograph the
left slde of the face,
and about axis 0, to
radiograph the erior
region (P-N) of the face.
The image of the right
side of the jaws is pro-
jected on the film when
axis O, is in use as the
rotatign center.

(after Paatero)
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untimely death in 1963 has deprived us of a great researcher.(27).

Now it is up to others to continue his work in panoramic radiology, a

N
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field in which he pioneered.

Frankfort-Mandibular Plane Angle

The Frankfort-mandibular plane angle was established by the
intersection of the Frankfort-horizontal plane and mandibular plane.
The Frankfort-horizontal plane was constructed by drawing a line from
orbitale tangent to the superior part of mechanical povion. The mandi-
bular plane was erected by drawing a line from mentomn to a point tan-

gent to the lower border of the mandible just posterior to the antegon-

Very little has been written conmceraing the Frankfort-msndibular

plane angle and its importance in bite opening and migration of teeth




during orthodomtic treatment. Tweed, probably more than anyone else, is

responsible for drawing attention to the importance of the Frankfort-
mandibular plane angle (28).

Ricketts reported that excessive bite opening occurs in cas;es
with high mandibular plane angles during treatment. (29). He stated
that cases displaying acute mandibular planes tend to resist bite open-
ing. Horrigan, in his study, mentionmed that "a steep mandibular plane
does not indicate poor anchorage, and the utilization of the Prankfort-
mandibular plane angle to assess the anchorage value of the mandibular
arch is questionable." (30). He concluded that a case presenting a
steep mandibular plane does not suggest an increased cendency for the
bite to open during orthodontic treatment,

Schudy, in his study of the importance of the occlusal plane,
contends that the occlusalsmandibular plane angle is significantly
related to overbite (31). He maintains those cases with high occlusal-
mandibular plane angles have a greater tendency for the bite to open.
Cases exhibiting occlusal-mandibular plane angles below 8 degrees tend
to resist bite opening. 7
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METHODS AND MATERIALS

Sixteen patients who are undergoing treatment at the Orthodon-
tic Department, Western Reserve University School of Dentistry served as
subjects. The sample consisted of twelve females and four males. All
of the subjects were Caucasians and their ages varied from eleven to
fifteen years of age.

These children were specifically selected because they were
classified as having Angle Class II malocclusions and were diagnosed as
needing the removal of dental units. One patient, although she had an
Angle Class I malocclusion, was included in the study because her twin
sister was in the group, This author felt that a comparison of the twins
might reveal some points of interest. The patients were divided into
three groups eccording to their Frankfort-mandibular plane angle as
shown in Table 1, These patients were classified as high, low, or middle
Frank fort-mandibular plane angle cuos;

Treatment Procedure

I. Initial records were taken before treatment was started.
A. Study models.
B. Complete intraoral roentgenogram:.

C. Lateral and fromtal roentgemographic cephalometer

16
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TABLE 1

—

Patient Age Sex Division of (FMA) Frankfort-
| Angle Class II Mandibular Angle

|
|
|
|
CLASSIFICATION OF PATIENTS IN THE THREE GROUPS f
|
|
|

Group I - Low (FMA)

22,0 t
15

22.5

i

i 22.5
11 2
1

|
22.5 |

" T R T I
w = = Lo B

i 20,75 r

o

Group II Middle (FMA)

28,75
25.5 |

w
29.0 q

9 12 23.5 I

o0
i = Lo B B
e o R = T T

26.5 I

- Greup XII High (RMA)

30.5

- R <
[

12 12
31.0

=

13 11

14 12 F 31.0

i s

15 13 F 29.75




III.

Band Placement

Bands were fitted and cemented on all teeth deemed necessary for

treatment except those which were indicated for removal. This proce-
dure was carried ocut by the junior students in the Orthodontic Depart-
ment at Western Reserve University.
Second set of models, lateral and fromtal cephalometric roentgenograms,
and the first orthopantomograms

These records were taken before extraction of teeth and measure-
ments were made from them which will be described im detail later in
this chapter.
Removal Qf Dental Units
Standardized Leveling iiethod Was Initiated
After seven weeks of leveling, the final records for this study
included: orthopantomograms, frontal and lateral cephalograms, and
study models.

Radiographic Procedure

I,

Equipment

A. The Broadbent-Bolton cephalometer was utilized for all cephalo-
grams

B. The Orthopantomograph, designed by Paatero of Fimland is manu~
factured by Siemens' Medical X-Ray of Germany and Sarjavilmiste
of Finland (figures 4 and 5).

C. A special head positionmer was designed to be used in the Ortho-

pantomograph specifically for this study (figure 6).
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Orthopantomograph

Figure &.

Patient positioned
Orthopantomograph

Figure 3.

2
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This cephalostat was made completely of plexi-
glass in order to minimize superimposition. of its image
on the orthopantomogram. There are eight adjustable
parts to allow for the vertical, horizontal, and depth
movements. The nasal rest apparatus was suspended from
the Orthopantomograph as illustrated in figure 6. It
allowed for anteroposterior movement as well as up and
down. Two vertical columns (figure 7) housed vertical
structures which support horizontal structures from
which vertical and horizontal measurements could be
made, These vertical colummns were in turn supported
and placed into a slot grooved in the base of the cepha-
lostat which would allow medial and lateral movement.
This U-shaped base was affixed to the Orthopantomograph
via two metal screws. :

Metal washers were modified and fitted snugly
anrsm ear-rod. The purpose of these metallic rings
was to reveal the position of mechanical porion. They
were used as reference points on the tracing.

Clear plastic millimeter rules with black fig-
ures were mounted on the cephalostat in the appropriate
areas and red lines inscribed in the plastic permitted
measurements to be read easily. Thus, by proper pro-
cedure, the ear rods could be readily placed into the

external meati of the patient.
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II. Procedure
A, All cephalograms were taken in the conventional manner at the
the Bolton Study of Dentofacial Developmental Growth, School
of Medicine, Western Ruom University.
B. All orthopantomograms were taken at a private practitionmer's
office by the author. The procedure is described as follows:

1. A6 x 12 inch Kodak Blue-Brand film was placed in a plastic
cassette.

2, The patient's name and date was printed on X-rite Opaque

 Label tape snd placed on the lower left side of the cassette
for identificatiom.

3. The fily was mounted on a curved film holder which was then
affixed to the Orthopantomograph.

4, The patient was familiarized with the operation of the
machine and instructed how to place his chin against the
chin positioner.

5. The nasal rest was ther adjusted, followed by the placement
of the ear rods.

6. The head was further stabilized by plastic holders placed
near the temple regiom.

7. The patient was then told to "close om his back teeth and
hold everything steady."

8. Expolm of 80 Kv. and 20 Ma, for approximately 15 seconds
was made. During this exposure cycle, the author attempted
to detect any movement of the already well-stabilized head.
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9. Measurements of the settings on the ceplialostat were
recorded after exposure. -
10. After approximately seven weeks of leveling, each patient
was repositioned according to his original readings for
the final orthopantomograms.
Modification of Equipment
After taking a few orthopantomograms, it became apparent that
a more controlled method was needed to insure proper placement of both
condyles on ‘t:hc 6 x 12 inch Kodak Blue~Brand film,
A dry skull was used for this purpose. The loaded cassette
was placed at a certain distance from the end of the cassette holder
and an exposure of the skull was made, After several trials and errors,
the correct location for the cassette was determined and a reference
point was inscribed on the cassette holder for future reference. This
modification of the equipment provided the means by which one could
adequately take a panoramic x-ray of the dentofacial complex from one
temporomandibular joint around the arch to the opposite temporomandibular
joint (figures 8 and 9).
Leveling Procedures
In order to diminish discrepancies, all patients were to undergo
a seven-week period of leveling treatment. A series of three round
arch wires of ,016, .018, and .020 diameters were used. The schedule
required each patient to wear the .0l6 arch wire for three weeks, and
the .018 and .020 arch wires for a period of two weeks each.
The maxillary and mandibular arches were bent ideally in form.

Bayonet bends were placed in each arch far enough mesially to the molars
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not .to interfere with tooth --nigration. -No reverse curves of Spee,
lateral insteps, or stops were incorporated into the arch wires. All
the arch wires were formed and placed by three graduate orthodontic
students in the junior class.

Measurements

I. Study models:
A, Magnification

The mesiodistal width of each mandibular tooth from first
molar around the arch to the opposite first molar was measured
after band:lns—._ These measurements were used to determine the
degree of magnification these teeth showed when measured on the
orthopantomograms, All measurements on the models were made
with a Boley gauge to the nearest .l of a millimeter. Measure-
ments were made near the incisal edge of the band close to the
contact point as illustrated in figure 10.

[ vy

Figure 10, Mesiodistal meas-
\ [g:g] urement from study models and
: . orthopantomograms .,

—

B. Amount of space closure
The distance between the mesial of the first molar and distal
of the cuspid, the mesial of the first molar and distal of the
second bicuspid, and the mesial of the second bicuspid and distal
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of the cuspid were measured and recorded from the models taken
after banding and leveling. - These measurements were made to
determine if there were any -difference in tooth migration im
those patients with high, low, or middle Frankfort-mandibular
plane angles.
II. Lateral Cephalometric Roentgenograms
A. All tracings were done on ,003-inch matte acetate. Whenever
bilateral structures were involved, the right and left sides

were traced separately and an average tracing made. Figura 11

illustrates structures traced.

B, The following linear and angular measurements were made:

1. Anglel - -ﬁe Frankfort-mandibular plane angle. This angle
was established by the intersection of the Frankfort-
horizontal plane and mandibular plane, The Frankfort-
horizontal plane was constructed by drawing a line from
orbitale tangent to the superior part of mechanical poriom.
The mandibular plane was erected by drawing a line from
menton to a point tangent to the lower border of the mandible
just posterior to the amtegonial notch. The Frankfort-
mandibular plane angle was used to classify the patients
in this study into three groups of high, low, and middle
Frankfort-mandibular plane angle.

2. Angle 2 - The occlusal-mandibular plane angle. The occlusal-
mandibular plane angle was established by the intersection
of the mendibular plane and the occluscl plane. The occlusal
plane was constructed by drawing a line that bisected the

crown portions of the maxillary and mandibular central
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incisors and passed. through the distobuccal cusp of the
maxillary first molar. The occlusal-mandibular. plane was
used to determine the occlusal plane and correlation to
Frankfort-mandibular plane angle, if any.

Angle 3 - The incisor-mandibular plane angle. This angle
was formed by the intersection of the mandibular plane and
the line passing through the long axis of the mandibular
central incisors. The incisor-mandibular plane angle was
used to reveal any changes in the angulation of mandibular
central incisors,

&gna-.mmud angle. This angle was formed
by the intersecting lines passing through the long axes of
the nl:illu;y and mandibular central incisors. The inter-
incisal angle was used to show angular changes in maxililary
and mandibular central incisors.

Angle 5 - "The inferior posterior angle formed by the junc-
tion of the line through the long axes of the maxillary incis-
ors and line SN, Used to determine angular changes in the
maxillary central incisors." (32)

Measurement 6 - The linear distance between lines A and B
representing the vertical overbite of the maxillary and
mandibular central incisors. Line A is a line drawm
parallel to the Frankfort-horizontal plame from a perpendicular
11n§ erected from that plane to the tip of the mandibular
central incisor. Lime B is a line drawn parallel to line A
and tangent to the incisal edge of the maxillary central
incisor. Used to measure bite opening or closing,
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Orthopantomogram Measurements

A. All tracings were done on .003" x 6" x 12" matte acetate.

Since there is no superimposition of bilateral structures on
the orthopantomograms, the necessity of drawing am average
tracing was eliminated.

Mesial-distal migratiom
An attempt to determine the mesiodistal movement of the

mandibular first molar, second bicuspid, and cuspid was made.

Since the orthopantomogram presents a panoramic view of the

entire dentition spread out on a flat surface, it was believed

that the mesiodistal migration of teeth could be determined. In
order to accomplish this, reference iandmarks were established
as follows:

1. Porion line ~ a line drawn tangent to the superior aspect
of right and left poriomn.

2, Center line - a line erected perpendicular to porionic line
and through the maxillary incisal suture.

3. Utilizing porionic line as a base from which perpendicular
lines could be erected, the following measurements were used
to determine mesiodistal migration of the mandibular cuspid,
second bicuspid, and first molar (figure 12):

a) Cuspid measurement - The linear distance between the
center line and a line erected perpendicular from line
porion and tangent to the distal of the cuspid.

b) Second bicuspid measurement - Linear distance between
the center line and a line erected perpendicular from
line porion and tangent to the mesial of the second

bicuspid.
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¢) Molar measurements - The linear distance between the
center line and a line erected perpendicular from line
porion and tangent to the mesial of the first moiar.
All the above measurements were used to evaluate mesiodistal
movement and to determine if there is any difference in tooth
migration in high, low, and middle Frankfort-mandibular plane
angle.
a) Magnification of mandibular teeth
An attempt was made to determine the magnitude of

the enlargement of mandibular teeth as measured on the

artho‘:}mtmgrn. The purpose of this portion of the

study was to discover if magnification was uniform
throughout the orthopantomogram or if it varied accord-
ing to different segments of the arck. To accomplish
this, the following measurements were taken:

(1) The mesiodistal width of all mandibular teeth from
first molar to first molar was measured at the
incisal portion of each band on the orthopantomogram.

(2) Corresponding measurements were taken from the study
models and a comparison made,
b) Repositioning measurements
Initially, eight measurements were recorded when the
. patient was positioned in the special cephalostat
designed for the Orthopantomograph in this study.

After seven weeks of leveling, the patient was

repositioned in the cephalostat according to

the original reading, and the final orthopantomogram




was taken. The reliability of repositioning the

patient in the cephalostat was determined as follows:
(1) The inmer surfaces of the metallic rings which
identify porion were traced. The superior aapeét
of the left cne was marked X and the other, Y.
(2) A line conmnecting points X and Y was drawn.
(figure 12)
(3) Thellinear distance between X and Y as rccorded
from the original and final orthopantomograms,
The linear measurement X-Y was used to evalu-
ate reliability of repositioning rather than
superimposing anatomical landmarks due to:
(a) A small sampling indicated that some ana-
tomical landuarks would superimpose on
the right side, but not on the left unless
a shifting of the tracings was made; and
(bj If anatomical Iandma:ks did not super-
impose well, we wanted to be able to
measure the variance and attempt to explain

the cause.

Determination and Recording of Measurements

Tracing procedures, illustrations, and the various methods of
measurements have been described on pages 19 to 33, To minimize the zmount
of error, all orthopantomograms and cephalograms were traced twice on

separate occasions. The observed data, statistical analyses, and the

results may be noted in the Appendix.
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FINDINGS AND DISCUSSION

Orthopantomograph Characteristics

A, Magnification

The question arises as to the degree of Orthopantomograph
magnification. Since the Orthopantomograph x-rays and the corre-
sponding models were available, it was possible to make a com-
parison. Preliminary measurements were made by comparing
mesiodistal dimensions of x-ray images of teeth and those on
corresponding models., The x-ray distance was then divided by the
model distance yielding a magnification factor.

The magnification factors derived from pretreatment data were
found to cover a relatively wide range. When the factors for
the incisors, cuipi.da. second bicuspids, and first molars were
plotted, an association was indicated between magnification and
tooth location. :

The magnification factors seemed to group into a roughly W-
or M-gshaped pattern., Consistently high values were found in the
region of the second bicuspid and consistently low values were
found in the location of the cuspid. Values between these extremes
were found in the areas of the incisors and center line., Also, the
magnification values on the left side of the x-ray had a consistently
wider range than those om the right side. This asymmetrical distrib-
ution would indicate some inherent characteristic of the Orthopanto-
mograph that caused chanzes in magnification on one side more than
the other. On the basis of these findings, it was reasoned that an

34
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association could probably be found between the center of the
tooth-to-center-line distance on the Orthopantomograph x-ray and
the tooth magnification,

When these preliminary data were revised, it appeared that
the relationship _betwun distance from the center line and mage
nification was far more complex than a simple linear association.
Accordingly, it was decided to attempt to f}lt the magnification
to a multiple regression of the first six powers of the linear
distance from the center line.

If the distance of a given tooth from the center line is
called x, then the proposed equation relates magnification to
X, xz, x3. xa, xs, and 16. Such an equation will allow us to
predict for any given distance from the center line, the expected
magnification in this area on the x-ray film.

The above described multiple linear regression was done on
pretreatment data. The magnification factors as raw data ranged
from .78 to 2.32 with a corresponding standard deviation of .224,
We found that before fitting the regression equation the wean
magnification value was 1.55 and that the most likely range of
values was .89 to 2.21.

The computerized program used to treat the 189 data observa~
tions first added into the regression equation all the independ-
ent varisbles, powers of x, and then deleted, one by ome, all
those independent variables that were not significant at the 5 per
cent level, Under this procedure, the final regression contained
X, x2 , and xﬁ. This means that these varisbles can be considered

significant sources of explanation of the variance of magnification
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values. -Thus the following regression equation was derived:
MAG = 1.40 - 1.6 « 107 0x + 2.9 + 10°%% . 2.63 . 10°%®

This equation was plotted on a graph (figure 13). It has
associated with it, a coefficient of multiple determination of
.347; that is, 34.7 per cent of the variance in magnification is
explained. Also, the standard error of the estimate is reduced
to .183, This is reflected in the upper and lower confidence
limits shown on the graph. For any given distance from the center
line, the most likely value for the magnification in that area of
the x-ray film is given by the regression equation. However, we
can also expect some values to range as high as the upper confid-
ence limit and some to range as low as the lower confidence limit.
This still leaves much of the variance in these magnification
values unexplained. The most likely explanation is that there
are other factors; for example, mandibular morphology, which
determine magnification for a given patient. Thus, the magnifi-
cation factor for any given x-ray film is quite likely a unique
function of the individual being x-rayed. Also, it is quite
possible that magnification as a function of machine character-
istic does not correspond to individual center lines as a refer-
ence point. Furthermore, each patient will present a different
center line with respect to machine geometry. It is doubtful
that such intrinsic sources of error could ever be delineated

or eliminated.

Reliability
One object of the study was to test the relisbility of

repositioning subjects in the cephalostat. For this reasom, the

only comparative data available came from the x-rays taken




BT T BT
WO
]

e
P/

37

SISMSWITTIN UT SUTT I83Ul3) WOIJ S0UB3ST(

09 0S oY 0t 0e 0t 0 Ores 08 R0k~

09~

. L1 . B 1 T O |41
i
T ]
— 1T
A
e L ‘
. HHH T TF 1
: -
W § 4 ]
RS AT 1T I Jlu_ru HHHHH
1] f; i el -
I - . & He 3
HHHHH = Sua
11 .H...Hl.n,
B e B i S, .
8 N 1FEF L et
L = &
T -.‘\\w {
T e T e ]
-txxa %R A
T 4 e 0 EESES EREEE O 6
L ABENJNEDG e
L1 - -
| A 12 1
NS ENENE N
Y "w Y L
r
HH T A
| 444
R i E @ I
L 4 144 4414 L1 1]
HH aEmEpNE H - A
S FENEE O
1 |+ 44 44 H-H
H S T : Tl
_ f t
i Trer 1 HEAREE NS NER
= - L +
i 1
1 1 ! .Im s t
- RS RSES A IESRE N s = —
R MJ.de.f,hM1m-y Raxsbegn
I8 B o RS NS SN AR SRgd RERRA RHR T 1 uE
I BEEEE N 1 BN B g I

QUTT I33Ul) SYJG WOIF 20UBRGSTT SNSI3) UOT3BOTITudsy ydexBowoqusdoyqr(

Lex=y a2Y3 uo
€T 2and 14

0°T

2'T

x

8°'T

0°e

e

h*e

J07084 UOT3BOTJUTIBH




38

before and after the seven weeks of leveling. This meant that

the tooth-to-center-line distances were confounded with treat-
ment effect and could not be used for comparisown. "ﬂowevot-, the
1eft—ear-positioning ring to right-ear-positioning ring distances
were available., Since these were measurements on the equipment,
they are free of any patient or treatment effects and contain only
those contributions to total variance associated with the eguipe
ment and its resetting. Also, the values were relatively large
énd should thus allow for the detection of the maximum differences.

An analysis-of-variance evaluation was used on the recorded
data with observations of each value. These tabulated results are
given in Table 2, The indicated effects were very highly signifi-
cant N, T, and NT, The real N effect merely indicates the differ-
ences in the ring-to-ring distances for the settings used with
various individuals and need not concern us further. The real
T effect, however, is not so easily explained.

The mean ;;ing-to-ri.ng distance was 272.4 mm. before leveling
and 266.2 mm. after leveling, a decline of 6.2 mm. Such a change
would not be caused by repositioning error since any such phenome-
non would be randomly distributed. Rather, it indicates some real
change over time. The most likely source would be a change in
machine performance., Such a change might be an accidental change
in machine settings or aging of parts. It is quite possible that
the cephalostat was inadvertently moved from its original position,
However, at the present time of writing, the source of this change

must remain unassigned.

et



The very highly significant NT effect indicates that par-

ticular individuals produce reductions in ring-to-ring distances
over time that were significantly larger or smaller thaa cne mean
decline. These unexplained sources of variation are quite likely
the result of repositioning errors. If this is assumed to be
their source, then the components of variance of the reposition-
ing error can be analyzed. The mean-squared variance associated
with any NT distance that can be attributed to repositioning
error is 1.23., This yields a standard deviation of 1.1 mm,
However, because of cross-correlated effects the possibility
rems:lna} that shorter distances within the x-ray might have larger

repositioning irrou associated with them.

Tooth Migration into the Extraction Site

A, Measurement and design

The determination of the amount and nature of tooth movement
into the extraction site following the extraction of the mandibu-
lar first bicuspid was based on two sets of data. The first set
consisted of measurements taken from models which represented the
alignment of the teeth before and after the seven weeks of level-
ing. These raw data were produced by teking linear measurements
from the distal of the cuspid to the mesial of the s2cond bicus-
pid, and from the distal of the cuspid to the mesial of the first
molar for each extraction site. To measure the accuracy of the

meaautmﬁta or "reading error," repeat measurements were taken

on each value.

The second set of readings was taken from the orthopantomo-

grams. For each site, three values were taken: (1) center line




to the distal of the cuspid, (2) center line to the mesial of the
second bicuspid, and (3) center line to the mesial of the first
molar. The intention was that these data takenm with rupeét to a
standard reference line would be used to measure mesiodistal move-
ment of the various teeth during treatment., This information would
be then related to the information cbtained from the model
measurements.

For both of these sets of data the same technique and wmodel
design were used: analysis of variance and split;error terms,
The analysis of variance approach allows all main effects and their
interactions to be tested and examined with one experiment. The
main effects or factors considered in this particular design were

as follows: G, the three groups into which the subjects were

classified according to their respective Frankfort-mandibular plane

angles; N, the individual patients; S, the side of the mandible on

which the particular messurements were takem; L, the specific loca- |
tion or distance being measured; and T, the treatment effect produced |
by the seven weeks of leveling. | 1

Each main effect or factor in the experiment consists of two

or more horizoms or levels, Thus, the levels im '1‘1 treatment, are

before and after; the levels in G, groups, are the three classifi-

cations of Prankfort-mandibular plane angles, etc. When main

effects are tested, the presence of a significant or "real" effect

{ndicates that real differences across the levels of the factor

do occur. Thus, a significant T would indicate consistent differ-

ences in before and after values. Such general conclusions have

application across all the other factors in the experiment.
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First order (two factor) and higher order interactionms
indicate that certain combinations of factors interact with each
other to produce values that are higher or lower than would other-
wise be expected, The gemeral assumption of the model equation
is that results are linearly additive. Thus, for example, a
specific expected NT value would, in part, be due to its T com-
ponent and, in part, due to its N component., However, if the
observed NT differs from this by a sufficient amount, a signifi-
cant NT interaction will be detected. This conclusion that a
real NT ‘effoct. exists would mean that certain individuals react
under treatment quite differently than others and that this
rhenomenon is unique for particular NT combination=.

For both sets of data, the same model equation and assumptions
were used, Assumptions relating to the individual factors were

as follows:

G-crossed fixed

N-pested random

S-crossed fixed

Le-crossed fixed

T-crossed fixed
The error terms were derived on the basis of N being nested within
G by splitting the error term N(LSTG). Thus each G grouping was
considered to be a random sample of individuals possessing that
particular characteristic. The design was balanced by making
all the G groups of the same size.
Model measurement analysis

Table 3 gives the analysis of variance results of the width

migration study on values taken from models. The L and T

effects were found to be very highly significant (X= .001) and
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the TL interaction was found to be highly significamnt (X = .01). 1

The first half of the table might be considered a description of

ered as the effect of treatment on that population. Thus, the very
highly significant L effect merely points up the fact that the
cuspid-to-first-molar distance, L,» is intrinsically larger than

the cuspid-to-second-bicuspid distance, L These are actual

i
|
!1
the experimental population, while the second hali may be.conlid- l
|
|
i
|
s I
characteristics of the population. The absence of any G effect ‘
or G interactions in the first half of the table indicates that 1
no G-associated differemces were found in the sample studied. |
The real T effect indicates a general change in the measured
distances with treatment. As shown in Table 4, the mean value went |
from 10.79 mm. to 9.5% mm., an average decrease for all distances i
of 1.20 mm., Further, the TL effect indicates that this reduction ;
was not the same for each measurement location., Again, reference l
to Table &4 abm the cuspid-to-second-bicuspid distance, L,, ‘
declined from a meen value of 7.13 mm. to 5.63 mm,., a reduction |
of 1.50 mm, However, the L, measurement declined from 14,45 mm, !
to 13.54 mm., a change of only ,91 mm. Since the cuspid reference

point was the same for both measurements, this would indicate that

the first molar is (relatively) less mobile than the second bicuspid.

Finally, there were no TG-associated interactioms. This indi-
cates that no discernible effect on treatment changes could be found
associated with G characteristics.

C. Orthopantomograph measurement analysis

Table 5 gives the analysis-of-variance results for the

orthopantomogram measurements when analyzed using the same experimental
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design as was used in the model's case. The L, SL, and LT effects
were found to be very highly significant, and the ST and SLT
effects were found to be significant (X= .05). The L effect has
exactly the same mesciiug 28 in the previous case and indicates
the inherent differences in the distances associated with various
locations, The absence of amy G effect or interaction again
indicates the absence of amy discoverable G-associated differ-
ences. The real SL effect is a new phenomenon and requires some
explanation.

It was noted previously, that the Orthopantomograph produces
an asy:mtrie-—msniﬁcaziou pattern, The presence of a real SL
effect is an indication of that asymmetry, a characteristic of
the population of orthopantomograms that were studied. This real
effect is then the product of a machine characteristic rather
than a characteristic of the population of subjects used in the
study.

The sbove indicates that machine characteristics and popula-
tion characteristics have become. cnnfomdeé in the study. Thus,
the presence of the SL and SLT effect is in all likelihood, the
result of machine characteristics imteracting with real changes
rather than changes in population attributes, as su ch. Unfortun-
ately, the real source cannot be assigned definitively because of
the confounding of these two sources of variants. One measure-
ment egﬁ never pravide two pieces of informatiom.

Table 6 gives the ST and SLT mean values. Of more interest
is the very highly significant LT effect. Examination of the
Table 6 would indicate that the cuspid is moving distally, the

second bicuspid is moving mesially, and that the first molar is
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essentially not moving at all. This may be the results. of the
second bicuspid tipping into the extraction site or rotating and
thus presenting a wider mesiodistal measurement.

Comparison of findings

When comparing the results of these two experimental proced-
ures, the general conclusions agreed rather well. In terms of
population characteristics, both methods were found to exhibit
very highly significant differences for location differences.
The SL interaction found in the crthopantomogram data can be
considered a unique characteristic of that apparatus.

Uhoa considering the T-associated effects, the absemce of
an overall T effect for the orthopantomogram data cam be attrib-
uted to the fact that the location measured producec opposite
directionality for changes with treatment, whereas, the model
measurements produced codirectionality. The orthoparntomogram-
associated-ST-and-SLT effects must, again, be considered as
byproducts of that unique apparatus.

The general area of agreement for the two techniques is the
very highly significant T and the highly significant TL inter-
action. When evaluated, both indicate that the cuspid-~to-second-
bicuspid distance closes faster with treatment than the cuspid-
to-first-molar distence. In additiom, the Orthopantomograph
srovides directionality information on these changes, Also of
inumé, is the fact that no instance of either method provided

any indication of anmy G-associated effect on interactiom.

Overbite and Related Factors

A,

Overbite opening
Onnofthnarwtobemmdinthauudymm
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relationship, if any, between Frankfort-mandibular plane angle
and the degree of change in overbite with leveling. To test this
relationship, the patients were sorted into three groups on the
basis of their Frankfortemandibular plane angles. Given this
classification, it was decided that analysis of variance would be
the best method of testing for significance.

The analysis-of-variance design chosen, assumed that both G,
the Frankfort-mandibular plame angle groups, and T, the treatment,
were crossed and fixed variables. However, N, the individual
patient effect, was considered to be a random variable nested
within G, Thus, each group consisted of a random sample of pati-
ents. This led to a split-plot design in which G was tested
against N(G) and T and TG were tested against TN(G .

The before-and after overbite data were recorded in milli-
meters. These data were then analyzed, yielding the analysis-
of-variance results shown in Table 7, Here, a T effect signifi-
cant at the S-per-cent level is found. When the mean values are
examined, we find a T, of 4.33 mm. and a "fz of 3.70 mm., Since
smaller values indicate an opening of the bite, this indicates
an average bite opening during the seven weeks of leveling of
.63 mm. Also of particular interest, is the absence of any G
or TG effect. This indicates that within the accuracy of the
study, the Frankfort-mandibul ar plane angle was not found to
effect either the amount of overbite or the rate of change of

overbite.
In association with the study of overbite, the maxillary-

incisal angle, mandibular-incisal angle and interincisal angle

were also examined, Tables 8, 9, and 10 give the analysis-of-




variance results for these three examinations. All three
indicate very highly significant N effects, but this patient-to-
patient variability is of no particular interest here. Also, all
three analyses indicate real NT effects. This, however, signi-
fies the variability of individuals to treatment and meed not
concern us,

What is of interest are the very highly significant and highly
significant T effects for the maxillary-incisal angle and the
mandibular-incisal angle. These mean values, as affected by
treatment, are compared in Table 11, Here, we find the maxillary~-
1nc:l.sai angle decreasing 2,56 degrees with treatment and the
mandibular-incisal angle increasing 2.09 degrees with treatment.
These counterposed effects probably explain the fact that no
indicated significant effect with treatment was found for the
interincisal angle.

Frankfort-mandibular plane angle and occlusal-mandibular plane
an le with treatment

Another focus of the study was the change, if any, in
Frankfort-uandibular plane angle with treatment. For this purpose,
an analysis of variance was run on Frankfort-mandibular plane
angle data using the same format as with overbite. These results
are given in Table 12. The very highly significant G effect
exists, by definition, since this ’s how the data was grouped.
Hmvez,. the absence of any T-related effects would seem to
indicate that Frankfort-mandibular plane angle is a comstant

function of head morphology and is relatively unaffected by

treatment.
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A similar study was made using occlusal-mandibular plane angle
data, We see from Table 13 that a highly significant G effect
exists., This indicates that perhaps some cross correlation exists
between Frankfort-mandibular plane angle and oceclusal-mandibular |
plane angle, Also, there is a2 highly significant T effect. When
examining the mean values, we find that the average occlusal-
mandibular plane angle inereases from 18,36 degrees to 19.50
degrees with treatment. Since overbite alse changes with treat-
mant, this leads us to suspect that perhaps changes in overbite
values may be related to changes in occlusal-mandibular plane

angle values., Such investigation, however, must remain for some
further study.

Overbite versus Frankfort-mandibular plane angle--multiple
regression

A final area of investigation was to determine if the amount
of overbite or changes in overbite were associated, im any way,
with the Frankfort-mandibular plane angle or the occlusal-
mandibular »nlane angle. For this purpose, a computerized multiple-
regression program was used. The first regression fit was made
using overbite values as the dependent variables and values of
the 'Frankfort-mndibular plane angle and the occlusal-mandibular
plane angle as the independent variables.

All the data used in the first fit were before treatment
observati‘.ons. When both dependent variables were added to the
regression equation, the coefficient of determination was a very
low .199. This means that about 20 per cent of the total vari-

ance was explained, Also, when tested for significance,

neither Frankfort-mandibular plene angle nor occlusal mandibular
plane angle remained in the fit. Neither Frankfort-mandibular
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plane angle nor occlusal-mandibular plane angle can be considered
a significant variable in explaining the variation in overbite
values. Of some interest is the fact that the partial correlation
of Frankfort-mandibular plane angle with occlusal-mandibular
plane angle was .70, This confirms the previously mentioned
possibility that Frankfort-mandibular plane angles and occlusal-
mandibular plane angles are related.

Following this, the relationship between changes in overbite
as a function of Frankfort-mandibular plane angle and occlusal-
mandibular plsne angle was investigated. For this purpose, the
same p;mdun @s above was used save that the change in overbite
value wtﬁh r.réatmni: was used as the dependent variable rather
than the abmluﬁ value of overbite before treatment. For this

regression fit, the cocefficient of multiple determinatiom, Rz,

was ,068, Thus only about 7 per cent of the total variance was
explained. Needless to say, neither of the independent variables
were found to be significant. We conclude from this that
essentially neither Frankforz-mandibular plane angle nor
occlusal-mandibular plane angle correlate with the degree of

change in overbite.




SUMMARY AND CONCLUSION

Summary

This investigation was conducted to evaluate the use of panoramic
radiography in orthodontics and the importance of the Frankfort-mandibular
plane angle in relation to bite opening and tooth migration. Two points
of discussion in orthodontics concernm the following:

1. Is there any difference in tooth migration in those

patients with high, low, or middle Frankfort-
mandibular plane angle?

2, Does the bite open more readily in high Frankfort-
mandibular plane angle cases than in low Frankfort-
mandibular plane angle cases?

It was decided the Orthopantomograph would be 2 most useful
instrument in seeking the answers to these particular questions, A
special cephalostat was desigmed at Western Reserve University to be
used in the Orthopantomograph for this study.

The study group consisted of sixteen Caucasian patients who were
undergoing treatment at the Orthodontic Department, School of Dentistry,
Western Reserve University, Fifteen of these children had Class If
malocclusions and one had a Class I malocclusion., The sample was sorted
into three groups consisting of high, low, and middle Frankfort-

- mandibular plane angles as shown in Table 1. All patients were diagnosed
as requiring the removal of one or more teeth.

All patients were to undergoe a seven-week period of leveling treat-
ment after the teeth were extracted. During this time, each patient was
to wear the .016 round arch wire for three weeks, and the .018
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and ,020 arch wires for a period of two weeks each.

It has previously been mentioned that panoramic radiography
is a usefu! aid in many phases of dentistry. During our routine pamoramic
radiography, two dental anomalies were detected in the arthopmtmé-
grams which would probably have been missed by conventional radioguphy.

It was felt that the panoramic x-rays offered an excellent
way to determine linear mmta, as well as, directional ones.
Therefore, an attempt was made to determine if there were any difference
in the amount of migration in high, low, or middle Frankfort-mandibular
plane angle cases and in what direction the mandibular cuspid, second
bicuspid, and first molars moved.

The degree of magnification found in the orthopantomograms of
the mandibular teeth from first molar to first molar was investigated.
Haataja and Somer in their study showed the magnification in various
locations in dental segments deviate somewhat from each other (33).
This study confirms that finding and also reveals a magnification range
of values between .78 and 2.32 with a mean magnification value of 1.55.

Analy;au—of-mimu test was used to determine the reliability
of repositioning the patients in the special cephalostat. Unfortunately,
this could not be effected in this study due to either the change in
machine performance or the inadvertent movement of the cephalostat from
its original position during the course of the study.

Data from tracings of the roentgenographic cephalograms were

‘ used to examine the existence of any relationship between Frankfort-
mandibular plane angle and the degree of change in overbite with
leveling. A computerized multiple-regression program was used to
investigate whether the amount of overbite or changes in the overbite
were associated in any way with the Frankfort-mandibular plane angle or

ot
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the occlusal-mandibular plane angle.

This study indicates that; the steepness of the Frankfort~
mandibular plane éngle dau 'mt influence the amount of tooth migi-ation
into the extraction site. Also, the tendency for the bite to open or
close more readily in high Frankfort-mandibular plane angle cases com-
pared to low Frankfort-mandibular plane angle cases could not be shown
during the seven-week period of leveling, Perhaps, if the study were
conducted over a longer period of time, evidence contrary to the above
mentioned findings would have evolved. '

The lgtdy, also, showed that the direction of the migrating
teeth can be determined from the orthopantomogram., The cuspids moved
distally, second bicuspids moved mesially, while the first molars
remained essentially stationary. It was also shown that the second-
bicuspid region gave the highest magnification values, while the cuspid
region showed the lowest,

The Orthopantomograph not only produces an asymmetric magnifica-
 tion pattern with the left side showing 2 comsistently wider range than
thnr right, but also produces a wide range of magnification throughout
the dental segments. It is felt that the panoramic device used in this
study must be improved and developed further before it can be a useful
instrument for deriving precise measurements.

All the observed data of this study were submitted to the

‘Statistics Department of Western Reserve University for amalysis.

Cenclusions
It is hoped that this study will serve as 2 stimulus for further

investigatioms. The following conclusions were made:




1.

4.

3.

6.

8.

9.

Higher values of magnification were consistently foun.

in the location of the second-bicuspid regiocn, while low
values were found in the cuspid region.

The Orthopantomograph produces an asymmetric magnification
pattern with the left side showing a consistently wider
range than the right side.

- The mean magnification value is 1.55 and the magnification

range is .78 to 2,32.

Magnification for any given x-rvay is quite likely a funetion
of the patient being x-rayed. It is also possible that
magnification as a function of machine characteristic does
not correspond to individual center lines as a reference
point, When different individuals are treated, their center
lines will be located in different places with respect to
machine geometry.

The cuspid moved distally, the second bicuspid moved
mesially, and the first molar essentially did not move.

The cuspid-to-second-bicuspid distance closes faster with
treatment than the cuspid-to-first-molar distance.

No discernible differences in the amount of tooth

migration during treatment could be found in those patients
with high, low, or middle Frankfort-mandibular plane angles.
The steepness of Frankfort-mandibular plane angle was not
found to affect either the amount of overbite or the rate
of change of overbite.

The Frankfort-mandibular plane angle appears to be a con-
stant function of head morphology and is relatively umaf-

fected by treatment during the seven-week period of leveling.
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10. This study showed that a partial correlation of Frankforte
mandibular plane angle with the occlusal-mandibular plane
angle was .70, |

11, Essentially, heither the Frankfort-mandibular plane angle

nor occlusalemandibular planec angle reveals any correlation i

with the degrae of change in overbite during the seven-week
period of leveling. . i
L
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TABLE 2

ANALYSIS OF VARIANCE TO DETERMINE
RELI/PILITY OF REPOSITICNING

S.V, 5.5, df M.S. F Fc nc

N 2841.75 13 218.60 2180,00 2.90 .001
T 541.88 1 541,88 380,00 9.07 .001
NT 18,49 13 1,42 14.95 2.90 .001
R(m) 2.67 28 .095 ----- - - - -
Total 3404.79 . .55
Tl = 272.46 Tz = 266,24

Notes:

Measurements in millimeters F - F test

S.V. = Source of variance Fc « F critical

S.3, = Sum of squares Conc, < Concliusion

df - Degrees of freedom N.S. =« Not significant

M.5. = Mean squares




TABLE 3

ANALYSIS OF VARIANCE TO DETERMINE TOOTH MIGRATION

39

S5.V. S.3. df M.S, Fe Conc.
G 29,48 2 14.74 1.02 4.26 N.S.
N(G) 129.94 9 14.44 oo
L 2763.37 1 2763.37 3255.00 10.6 .001
LG 3.25 2 1.62 1.91 4.26 N.S.
U(G) 7;“ 9 .85 - - - - - - -
] 4.56 1 4.56 =4 5.12 N.S.
% 2&.36 2 12.18 2.25 k-26 NnSO
SH(G) “0?9 9 5.‘2 g - - - - - -
SL 43 1aR .63 1.06 5.12  N.S.
SLG W77 2 .39 <1 N.S.
SLN(G) 5.36 9 .60 ———— PR —
T 66.27 1 66.27 33.6 10.6 .001
el 1.52 2 .76 iy N.S.
m(c) 1?.7‘ 9 1.97 bk S - - - - -
TL 3.36 1 3.36 11.47 10.6 01
TLG -7 2 .26 41 N.S.
TLN(G) 2,66 9 .29 S — o
TS .18 i .18 <1 N.S.
TSG .82 2 4l <1 N.S.
TSN(G) 5.50 9 .61 —— R -
m ‘21 1 027 2003 5.12 n.s.
TSLG .07 2 .04 P | N.S.
m(@) 1-20 9 013 L b - w o - -

T R(IGRSL) 7 N L0136
Total 3119.56 191

T S bt s ¢ = e o P e R Ao 33 e dad e e e e e R Y e X o AT T T
R R SR oo e o o et * - : o —— . — TR St e e S L T R R =
. e 5 AP e Sl s et : > - - 5 \FBatoy - -
L ¥ LV LA LA g s 3 “rje ¥ o i 4 r L " o NS F R I N .
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TABLE 4

MODEL TOOTH MIGRATION MEAN VALUES IN
MILLIMETERS FOR SIGNIFICANT EFFECTS

AN TR e WS A\ SO o 5 SR I

o T, T, i
Ly : je T 13.54 - .91
L, ‘ 7.13 5.63 - 1.50

T % % Ty e

10079 9.99 - 1.20

L 1‘1 I’2
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TABLE 5

ANALYSIS OF VARIANCE TO DETERMINE TOOTH MIGRATION
USING MEASUREMENTS FRQG ORTHOPANTOMOGRAMS

S.V. 8.8, df M.S. ¥ Fe Cone,

G 703.36 2 351.68 2.43, 4,26 N.S.
N(G) 1301.52 9 11}'—}.61 - - - - -—wen
L 15073.03 2 7536,51 855,00 6.0L .001
G 56,78 4 14,20 l1.61 4:93 N.S.
LN{G) 158.73 18 8.81 S —non R,
5 ' 199.33 1 £99.33 2.62 S5.12 N.S,
SG 80,90 2 40,45 & T N.S.
SN (G) 684,10 9 76,01 ok A s
SL 173.26 2 86 .63 23,0 6.01L .001
SLH(G} 67.82 1:-’ 3;77 e -y - -
T 3.12 1 S5.12 L1 N.S.
pLe] 19.53 2 9.77 Ok | N.S.
Ti\}(G} 99.47 9 11.05 aeaes - - - - o
TL 68,54 2 34,27 17.14 6.01 .001
TLG 5:36 4 Tl il | N.S,
M(G) 36009 18 2-00 s o - - LT
TS 60.68 1 60.68 6.23 5.12 «05

TSG 2,30 2 1.15 {1 N.S.
TSN(G) 8?.62 9 9073 - - - - . -
TSL 8.95 2 4,47 5.39 3:55 .05

TSLG 6.02 4 1.73 2,08 2.93 N.S.
TSLN(G) 15,02 18 «83 ——— - R
R (TCNSL) 13,03 144 .0905

Total 18947,67 287
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TABLE 6

ORTHOPANTOMOGRAPH TOOTH MIGRATION
MEAN VALUES IN MILLIMETERS
FOR SIGNIFICANT EFFECTS

b e

Li 23.52 25,11 +#1.59
L 41,71 41.68 - .03
3

ST 5 73 T, -,
‘-32 36,28 37.61 +1.33

2y %y % b e
5, 211 25,02 + .91
32 22,95 25,19 +2.24
31 29.87 27.70 -2.17
82 30.89 31.54 + 55
Sl 40.51 39.82 - .69
S 42.90 43055 v -65
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TABLE 7

ANALYSIS OF VARIANCE TO DETERMINE THE RELATIONSHIP

BETWEEN FRANKFORT-MANDIBULAR PLANE ANGLE AND THE
DEGREE OF CHANGE IN OVERBITE AFTER LEVELING

ERA " e . sl % ¥ " Fe Conc,
G 6.47 2 3.23 <1 N.S.
n (G ) m L a, lt 16 .u - - ----
T 6.02 1 6.02 6.02 4,75 .05
¢ 3.22 2 1.61 1.61 3.87 N.S.
m(c) 12.05 13 1.90 bt seee Lt d
x(m) . 7.30 30 .“ - - - - - - -
Total 236.93 59
T, £ 4.33 T, = 3.70
TABIE 8

ANALYSIS OF VARIANCE TO DETERMINE THE CHANGES IN THE
MAXILLARY INCISAL ANGLE AFTER LEVELING

s.vV. 3.3. “ M.S8. : F Fc cm.
N : 1552.75 15 103.52 57.00  2.70 .001
T 105.06 1 105.06 23.20  8.68 .001
NT 67.94 15 4.53 2.49  2.01 .05

Rm’ 58.25 32 1 . 83 e e .mee —mae

Total 1784.00 63




TABLE 9

ANALYSIS OF VARIANCE TO DETERMINE CHANGES IN THE
MANDIBULAR INCISAL ANGLE AFTER LEVELING

s.V. 8.8. df M.S. ¥ Fe Qonc.
N 230544 15  153.70  102.00 2.70  .001
T 70.14 1 70.14 11.5 8.68 .01
NT 138.11 15 9.21 6.1 2.70 .001
‘m’ “.zs 33 1.51 - - - - e

Total  2561.94 63
TABLE 10
ANALYSIS OF VARIANCE TO. DETERMINE CHANGES IN
THE INTERINCISAL ANGLE AFTER LEVELING

s.v. 8080 df uts. ? Fc m.
N 411444 15 274,30 83.00 2.70 L 001
T 015 1 .0156 <1 N.S.
NT 191.48 15 12.77 3.84 2.70 .001
nm) 1“(” 32 3.33 - e - - -

Total 4512, 44 63

TABLE 11
MAXILLARY AND MANDIBULAR INCISAL ANGLE
MEAN VALUES IN DEGREES
T, %, T, =%

mllm Ansle 107 -03 1“.&7 "2056

Mandibular Angle 95.11 97.20 2.09
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TABLE 12

ANALYSIS OF VARIANCE TO DETERMIKL CHANGES IN THE
FRANKFORT-MANDIBULAR PLANE ANGLE WITH TREATMENT

s.V. 8.8,  df .5, F Fc Conc.
G -1128,21 2 564,10 56.35 12,97 - 001
N(E) 120,02 12 10.01 - snbe s
T 3.94 2 1.97 <1
m(@) 127.49 2&‘ 5.31 - - - - -
R(m) 6025 “‘5 ; .139 - - - - - -

Total - ' 1386,66 89
TABLE 13

ANALYSIS OF VARIANCE TO DETERMINE CHANGES IN THE
OCCLUSAL-MANDIBULAR PLANE ANGLE WITH TREATMENT

. A bty 1 8 af M.S. F Fo Conc.
G 348,96 2 174.48 9.42 6.92 .01
“ (c) 222.15 12 18- 51 - - o - - -
T S 1 11.27 16.70 9.33 .01
e .76 2 379 <1 N.S.
m(c) 8.10 12 -675 -y -- - - e
R(M) 3 14.50 30 .483 i = e -

Total 605,73 59

‘ﬁ = 18,63 T, = 19.50




TABLE 14

MESIODISTAL WIDTH OF MANDIBULAR TEETH - MODELS
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TABLE 15

MESIODISTAL WIDTH OF MANDIBULAR TEETH - ORTHOPANTOMOGRAMS

Right

Left Right Left

Right

- Left

R R2

R, R

R1

R2

Ri Rg Rl

Rl nz

i

e

Patient

Number

455355305762ﬁ558
791599181?989398

6300065556530528
7’1509081?980398

200000203260676‘
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890880380998'798
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1 - central incisor 4 - first bicuspid Measurements in millimeters

2 - lateral incisor 5 - second bicuspid UB - unerupted tooth

Note:

E - extraction prior to study

6 - first molar

3 - cuspid




TABLE 16

MANDIBULAR MEASUREMENTS FR(M THE CENTER LINE TO THE
DISTALS OF THE INCISORS - ORTHOPANT(MOGRAMS
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|

Right Left Right

Left

8 i 3 7
Pathes - % M.&g . Bt By s B
1 6.4 7.6 7.45 .31 - A8$:0:0 15,3 15.7 15.4
2 B8543 435 5 9,8 103 il 13.4 17.5  18.2
3 11.1 11.0 5.3 5.2 20.0 19.7 15.0 15.1
4 7.1 7k 6,177, 6k o D481s 15,1 13.6 13.6
5 9.7 9.5 .17 Wl AT 8.7 15.6 15.4
6 9.4 9.8 5.1 5.2 161 15.9 4.0 14.0
7 12.2 a2 S Revur Rl i2DT  20.2 8.0 9.0
8 4.0 3.6 10.6 10.6 10.4 10.1 16.3 16.9
9 10.0 9.6 7.8 7.9 . 18.6 18.5 6.8 17.6
10 6.1 6.8 7.9, 7.6 : 133 12.7 15.1 14.8
1 10.2 10.3 5.9 6.0 187 19.0 4.2 14.8
12 4.6 5.3 12.0 11.6 1l.1 11.3 18.8 18.5
13 7.2 1.0 7.2 7.0 15.2 14.6 15.3 18,3
14 6.2 6.7 7.7 79 140 14.1 15.0 14.8
15 1.6 12.3 4.0 4.2 18.6 18.9 13.0 12.5
16 10.3 10.0 2.5 2.8 16.0 15.6 10.2 10.1
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TABLE 17

A RSO

F3 iy ]

MANDIBULAR MEASUREMENTS FROM THE CENTER LINE TO THE DISTAL OF THE CUSPID
MESIAL OF THE SECOND BICUSPID, AND FIRST MOLAR - ORTHOPANTOMOCT

leny

iy

o

RIGHT LEFT RIGHT

RIGHT

Before Leveling

Patient

Number

6113634789‘452190

NN~ O NN O e e
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MANDIBULAR MEASUREMENTS FROM THE CENTER

TABLE 18

LINE TO THE MESIALS OF THE FIRST
BICUSPIDS - ORTHOPANTOMOGRAMS

Right Left
;;2:‘ 4 R, % Ry
1 22.2 22.0 19.6 19.7
2 2.4 21.7 25.5 25.5
3 23.6 23.7 2%.5 24.1
4 22,9 22.9 22.4 22.5
5 22.7 2.6 222 21.8
6 2.3 25.0 22.2 21.0
7 2.5 2.4 21.2 20.4
8 12.7 13.4 18.7 19.0
9 2.5 2.6 28.2 27.0
10 20.3 1.5 20.5 21.1
1 2.6 25.0 21.3 21.5
12 17.6 17.3 22.1 22.4
13 20,9 21.0 23.1 23.3
14 17.9 18.2 17.0 16.9
15 26.9 25.5 17.8 17.3
16 16.2 16.0 17.1 17.2
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TABLE 19

MESIODISTAL WIDTH BETWEEN MANDIBULAR FIRST MOLARS TO CUSPIDS, FIRST MOLARS

TO SECOND BICUSPIDS, AND CUSPIDS TO SECOND BICUSPIDS - MODELS

Right Left Right Left

Left

Right

Sto3

6 to

I

6to3

Patient

Number
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.8 6886‘6676857875
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16
27 .0
27.0
27.5
26,5

e e . ama -

i1
31.0 31.0 31.5 31.0 30.0

31.0 30.0 30.5 31.0 29.5
30.0 29,0 31.0 33,0 30.5
29.5 29.5 30.5 32.5 31.0

10

TABLE 22
28.5 25.0 29.0 23.5 26.0
29.0 26.0 29.0 23,5 27.0
28.0 27.5 25.5 28.0 25.5
27.5 28.0 25,5 27.5 26.0

Frankfort-Mandibular Plane Angle

MANDIBULAR PLANE ANGLE MEASUREMENTS

Rl 22.0 2215 23.0 22.5 20.5
B2 22.0 22.5 22.0 22.5 21.0
Ry 21.0 24.5 25.0 19.0 20.5

Ry 21.0 23,5 25.0 19.0 21.0

Patient Number
Leveling

Banding
Before

Before

e

e
S

17.0 18.5 14,0 16,0 19,0
18.5 20.5 16.0 16.5 20,

Occlusal Mandibular Plane Angle

19,0 17,0 13.0 12.5 18.5
Rz 19,0 17.0 14.5 12.5 19.0

R1

Leveling

Before

N O
. &

(=}
.

Measurements in degrees

Note:




TABLE 23

15 16

12 14

11

10

1

Patient Number

90,0 111.,5 83.5 105.5 93.0 97.0 93.01
89,0 108.,0 85.5 104.0 92.5 98,5 95.0 100.5

Ry
R2

Before
Leveling

Measurements in degrees

Note: -

TABLE 24

HAKILLARY INCLSAL ANGLE MEASUREMENTS

11 12 13 14 15 16

10

Patient Number

Measurements in degrees

Note:
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