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INTRODUCTION

The lateral cephalogram is widely used by the orthodontic
clinician as a diagnostic aid in his everyday practice; however,
few if any postero-anterior cephalograms are being utilized.

Limited use of the P-A film is due to the lack of a reference base
from which bilateral measurements may be determined. The purposes
of this study are first to compare measurements of facial and dental
-asymmetries obtained by the Harvold Method with those derived from a
modified procedure and second te develop a moedification of Harvold's
technique for establishing a mid-sagittal reference base.

Since the P-A film reveals the two lateral halves of the
brain case and face, & mid-sagittal plane of the skull makes it
possible to assess the lateral position of the maxillary segments
and also the lateral position of the mandible and other dentofacial
structures. Such a plane, {f reliable, should be a welcome addition
to the diagnostic armamentarium of the orthodontist since pre~treatment
recognition of asymmetries would permit better guidance in establish-
ing right-left symmetry as well as anteroposterior corrections.
Perhaps the periodontist would also find this plane of diagnostic
significance for the investigation of deviated paths of mandibular
clogsure. With these thoughts in mind it becomes evident that a mid-~
sagittal plane can be of great practical as well as theoretical

value in the field of dentistry.



Using two different positioning methods in the Broadbent-
Bolton cephalometer 40 postero-anterior cephalograms were made of 20
adult skulls. Identical bilateral craniofacial landmarks were
measured by two different techniques with the use of a millimeter
grid on the obtained postero-anterior cephalograms. Error studies
were conducted on the positioning methods and the measuring techniques
to determine if these sources of error were significant. The results

of this study were subjected to statistical analysis.



REVIEW OF THE LITERATURE

Asymmetry may be defined as "lack of similarity or corre-
spondence of the organs and parts on each side of an organism."l
The study of bilateral asymmetries of the face and its skeleton has
been of great interest to investigators for many years. Anatomists
of the 19th Century were concerned with the problem of symmetry and
as early as 1887 Hasse? examining the symmetry of Venus of Milo and
the faces of living subjects found that facial asymmetry was a
normal phenomenon.

In order to determine accurately the site and extent of
facial asymmetry a mid-sagittal plane from which lateral measure-
ments could be obtained had to be devised. A mid-sagittal plane
may be defined as "a vertical plahe drawn through the midline of the
body that divides the body into right and left halves."3

Gnathostatics played an important role in making the
orthodontist more conscious of such a diagnostic aid as a mid-
sagittal plane in the recognition of facial imbalances and arch
asymme:ries.a' 5, 6, 7 S{mon® developed gnathostatics as a diagnos-
tic medium relating the teeth and their bases to each other and to
cranioracial structures. For the f£irst time the denture was related
to the face and cranium in three planes of space, i.e., the Frankfort
horizontal, the Orbital plane and the Raphe or median sagittal plane.

Hellman®» 9, Broadbent10 and othersll, 12 galled attention to

variations of Simon's norms in many instances primarily because they



felt there was no true bilateral Symmetry in the human head. The
fact that facial asymmetry is gquite common in otherwise normal adults
is well illustrated in an érticle by Jacksonlz. who, through the use
of photographs assembled two left and two right sides of the faces

of well-known personages.

In 1931 Broadbentl3 published a cephalometric roentgenographic
technique designed to yield strictly reproducible X-rays of the head.
He emphasized that this technique did not depend on measurements
taken through the covering of soft tissues of unknown thickness,
thus it was easier to arrive at the true dimensions of a skull from
an X-ray film than from direct measurement of the skull itself., Once
again investigators were given a new technique to enhance their study
of the human head,

The dental literature and journals became flooded with uses
both practical and theoretical for this new diagnestic tool and one
is not surprised to see the problem of facial and dental asymmetry
subjected to radiographic scrutiny. The lateral cephalogram was from
the start far more interesting to the clinician whose main concern
was the patient's profile and 30 the postero-anterior cephalogram
was discussed but not utilized. Even now the syllabus by Krogman
and Sassounilé describes more than 40 diagnostic methods, all of them
concerning the profile cephalogram. The authors themselves state
"Generally speaking in roentgenographic cephalometry, breadths and
heights have been relatively neglected in favor of the anteroposterior
or depth dimensional changes."

Thompsonl3 in 1943, was perhaps the first to attach any real

practical significance to the postero-anterior film. He conducted a



study on "abnormal" asymmetry of the face using P-A cephalometric
roentgenograms, photographs and models, His mid-sagittal plane was
determined by a perpendicular line bisecting the biparietal and
bizygomatic measurements. In concluding his paper Thompson states,
"Malocclusion is not one of the causes of asymmetry of the face,
but rather one of the symptoms. The orthodontic treatment may
straighten the teeth, but it will not straighten the face."
Certainly this statement should direct the orthodontist*s attention
to the importance of the frontal film if he expects to establish
right-left symmetry. |

In 1945, Wyliel6 suggested to the dental profession that
orthodontists and students of growth weren't the only ones who could
profit through use of the cephalometer. He pointed out that the P-A
£ilm 1s particularly helpful in making a detailed study of patients
with mandibular asymmetry, since all parts are projected to a single
plane, and their relative positions in opening and closing are
readily compared.

Potter and Meredithl? conducted a study to compare and
evaluate obtaining biparietal and bigonial measurements by use of a
postero-anterior ceﬁhalogram versus direct measurement. Their find-
ings indicated: 1) biparietal diameter is measured with high
reliability by both procedures; 2) bigonial diameter is measured
more reliably by the cephalometric procedure than by direct
measurement,

In 1950, Woodsl8 examined quantitatively the changes that

occur in the width dimensions of the dental arches and certain facial



points during human growth using both lateral and postero-anterior
cephalograms. This study also concluded that it is possible, with
the aid of the Wylie compensator, to make accurate measurements
from frontal cephalometric roentgenograms, provided the landmark
to be measured can be located in both the frontal and lateral films.
Harvoldl? in 1951, presented what appears to be by far the
most scientific investigation on the establishment of a mid-sagittal
plane in postero-anterior cephalometric roentgenograms. His investi-
gations showed that the upper vesicerai cranium is very symmetrically
built. From these investigations Harvold proposed his so called
"median plane" which is a reference base representing the median
plane of the head. A line is first drawn connecting two points,
FMT right (FMT,) and FMT left (FMT1), the most laterally situated
points on the right and left sutures between the zygomatic and
frontal bones. A second line, the median plane, is then drawn at
right angles to the FMTy - FMT} line. This median plane passes
through X registration point at the root of crista galli where it
joins the cribriform plate of the ethmoid bone. Harvold's results
indicated that in 90 per cent of cases the median plane divided the
distance between the right and left zygomatic bones into two parts
that differed by less than 3mm. In more than 90 per cent of the
cases the anterior nasal spine was found to be less than l.5mm.
from the X-line, and when tﬁe distances were measured on both sides
from the temporal border of the zygomatic bone, and from the zygomatico-
maxillary sutures on the malar processes to the X-line, the index

of symmetry obtained in this way closely corresponded to anthropometric



findings. Now it became possible with the aid of X-ray films to
register asymmetries within the facial skeleton with a considerable
degree of accuracy. This method of analysis then was used by
Harvold20 to record variations of symmetries in normal living
material and special asymmetries which appear in connection with
unilateral total cleft palates.

In 1955, Subtelny2l in the study of the frontal Xeray film,
assessed asymmetry using the foramen rotqaum via laminography.

Sassounizz, in 1958, proposed a mid-sagittal plane on the
P-A cephalogram which was constructed by connecting the right and
left latero-orbital points with a strajght line and then drawing a
line perpéndicular to it from Nc (neck of perpendicular lamina of
the ethmoid). The observer could then check all bilateral asymmetries
on both sides of the perpendicular.

In 1960, Sassouni?3 presented another method by which facial
and dental asymmetries could be noted on the P-A film. He suggested
the investigator trace the supraorbital line, the Lo<lo line, the
bizygomatic line, the bimastoid line and the bigonial line. Accord-
ing to Sassouni, these lines should be parallel in an ideal situation.
When they are not, he advised selecting as horizontal lines, the three
out of five which are parallel. Then from their midpoint a vertical
perpendicular can be dropped and assessment of the transverse symmetry
of the teeth and bony contours obtained.

Berger24 has reported on a third view in cephalometrics
which until recently has received little if any attention, the basi-
lar view. It is his feeling that the most obvious use of a basilar

film would be the determination of a midline and the assessment of



asymmetry. There are a number of points which qualify for this
purpose: the anterior tubercle of the atlas, the odontoid process

of the axis and the outline made by the vomer and crista galli. In
addition to these, two characteristic features on the inner walls

of the frontal as well as the occipital bone can help in the determi-
nation of a midline,

A method of identifying, describing and evaluating dento-
facial asymmetries has been proposed by Cheneyzs. His main interest
centered on the use of points N and ANS as reference points in
determining the mid-sagittal plane for direct observations about
asymmetries. Direct observational procedures which entail lateral,
frontal and inferior facial examinations were shown to be of signifi-
cant benefit when dealing with facial imbalances and arch asymmetries.

The fact that facial and dental asymmetries are of importance
in orthodontics as well as other facets of dentistry has been
thoroughly discussed by numerous authors.lds 16, 25, 26, 27, 28, 29
This author feels that to date Harvold's investigationslg’ 20 5n |

facial asymmetries and the mid-sagittal plane are the most signifi-
cant to appear in the literature. However, several models of cephalo-
stats employ nasion rests which produce shadows in the area of crista
galli on the P-A cephalogram. For this reason it was found to be
difficult to locate accurately Harvold‘'s "Xv registration point, at
the root of crista galli, where it joins the cribriform plate of the
ethmoid bone. This problem is well illustrated in Figure 1. As
mentioned previously, Harvoldl? found that the right and left
zygomatico-frontal sutures were very symmetrically placed relative to

point "X", Because point "X" cannot be viewed consistently, it is
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Fig. l-~P-A cephalogram showfng area blocked out by the nasion rest
and ease with which zygomatico-frontal sutures can be located.
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my intention to bisect the width measurement as an alternate regis-
tration point for the mid-sagittal plame line. Since the lateral-
most shadow of the zygomatico-frontal suture is quite easily estab-
lished with the aid of a transparent millimeter grid, bisection of
the total width can easily be accomplished. Therefore, if Harvold's
contention that the right and left zygomatico-frontal sutures are
very symmetrically placed relative to point "X" the results obtained
from the W.R.U. modified technique should coincide closely with
results obtained from the Harvold technique.

Keeping in mind Salzmann's admonition30, "cephalometrics
is a means of obtaining information; it is not an end in ftself,®

the following investigation was undertaken.



METHODS OF PROCEDURE AND MATERIALS

Using two different positioning methods, postero-anterior
cephalograms were made of 20 adult skulls with full complements of
teeth and various types of occlusions. These skulls were obtained
from the Department of Anatomy of the School of Medicine, Western
Reserve University, and there was no regard to age, sex or size of
these specimens. Kodak no screen £ilm was used and the exposure
times were determined according to the size and weight of the
individual skull.

Positioning Procedure

METHOD I - The 20 skulls were first positioned in the Broadbent-
Bolton cephalometer with Frankfort plane parallel to the floor. These
skulls were suspended in a fixed position by means of the ear rods
and the nasion rest. (Figures 2 and 3)

After a minimum period of 24 hours a random sample of 10 of
these 20 skulls were repositioned in the same manner and P-A cephalo-
grams obtained to determine the magnitude of the positioning error.
The results of these measurements are recorded in Table 1.

METHOD II - The same 20 skulls were again positioned in the
Broadbent-Bolton cephalometer with Frankfort Plane parallel to the
floor; however, the naston rest was omitted in suspending the skulls.
Instead, an adjustable platform was attached below the cassette holder
which made possible a method of suspending the skulls in a fixed posi-

tion without the aid of a nasion rest. (Figures 4 and 3)
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Fig. 2-~Front view of skull posi-
tioned in the Broadbent-Beolton
cephalometer by Method I.

Fig. 3--Lateral view of skull posi-
tioned in the Broadbent-Bolton
cephalometer by Method I.

i2
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Fig. 4e-Front view of skull posi-
tioned in the Broadbent-Bolton
cephalometer by Method II,

Fig. 3--Lateral view of skull posi-
tioned in the Broadbent-Bolton
cephalometer by Method II.
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After a minimum period of 24 hours a random sample of 10 of

these 20 skulls which were positioned by Method II were again suspended
in this manner and P-A cephalograms obtained to determine the magni-
tude of the positioning error.

The results of these measurements
are recorded in Table 2.

Tracing Procedure

METHOD I - Each P-A cephalogram of the 20 skulls positioned
by Method I was placed on the illuminator and the following cranio-

facial landmarks were marked on the X-ray film with a fine wax
pencil: (Figure 6)
1) The right and left zygomatico-frontal sutures,

2) The lateral aspect of the right and left zygoma.
3) The buccal contour of the ri

ght and left maxillary
first molars.

4) The buccal contour of the right and left mandibular
first molars.

5) The lateral contours of the ramus,

(gonion)
METHOD II - Each P-A cephalogram of the 20 skulls positioned

by Method II was placed on the illuminator and the following cranio-

facial landmarks were marked on the Xeray film with a fine wax
pencil: (Figure 7)

1) The right and left zygomatico-frontal sutures.

2) Point X « the registration point of the center of

the base of crista galli where it joins the cribri-
form plate of the ethmoid bone.

3) The lateral aspect of the right and left zygoma.
4) The buccal contour of the ri

ght and left maxillary
first molars.



Fig. 6--P-A cephalogram of skull positioned by Method I.



Fig. 7--P-A cephalogram of skull positioned by Method II.
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5) The buccal contour of the right and left mandibular
first molars.

6) The lateral contours of the ramus. (gonion)

Measuring Procedure

Harvold Method (Method II)

A, The transparent millimeter grid was placed on each of
20 marked P-A cephalograms which were positioned by
Method II and the horizontal line "A" oriented so that
it passed through the most lateral aspects of the right
and left zygomatico-frontal sutures.

B. The vertical mid-sagittal plane line "B" was registered
on the center of the root of crista galli where it joins
the cribriform plate of the ethmoid bone. (Figure 8)

C. When orientation and registration were correct, the
millimeter grid was taped to the P-A film.

D. The measurements listed below were noted from the grid
and recorded to the nearest 0.5mm. Unless otherwise
noted, all measurements are the lateral-most aspect
of the structures being measured.

ZYC Fro Su.
Zygoma
Mx. 6's
Md. 6's
Md. body W

The measurements obtained using the Harvold technique are
presented in Table 3.

The wax markings of the craniofacial landmarks were removed
with acetone from the X-ray films of Method II. After a minimum period
of 24 hours a random sample of 10 of the original 20 cephalograms
whose skulls were positioned by Method II were remarked and remeasured
to determine the magnitude of the methodological error involved in the
measurement following relocation of the craniofacial landmarks.

The results of the measurements are recorded in Table 4.
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Fig. 8--Diagram showing outline of skull, grid and method of
orientaticn for Harvold technique.
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W.R.U. Modified Method (Method I)

The series of measurements was repeated this time using the
20 marked cephalograms abtained by positioning Method I and register~
ing the midsagittal plane line "B" midway between the lateral-most
aspect of the right and left zygomatico-frontal sutures. The measure-
ments obtained using the W.R.U. Modified Technique are presented in
Table 5.

The wax markings of the craniofacial landmarks were removed
with acetone from the X-ray films of Method I. After a minimum
period of 24 hours a random sample of 10 of the original 20 cephalo-
grams whose skulls were positioned by Method I were remarked and
remeasured to determine the magnitude of the methodological error
involved in the measurement following relocation of the craniofacial
landmarks.

The results of these measurements are recorded in Table 6.



STATISTICAL METHODS AND DATA

Since the Harvold P-A cephalograms used in this study were
obtained with the skull in a vertical position rather than a horizone-
tal position as originally done by Harvold20, it was necessary to test
the reproducibility of this variation in positioning. To test the
differences between the Harvold left and right zygomatico-frontal
sutures the right zygomatico-frontal suture measurement was subtracted
from the left zygomatico-frontal suture measurement and the mean and
standard deviation for this distribution determined., A one tailed 't’
test was performed on the distribution of the differences. The
statistical data for this test i{s presented in Table 7.

An analysis of variance was then performed on each of the ten
sets of data, right zygomatico-frontal suture, left zygomatico-
frontal suture, right zygoma, left zygoma, right maxillary first
molar, left maxillary first molar, right mandibular first molar, left
mandibular first molar, right genion and left gonion, to determine
if there was a significant difference between the results obtained
using the Harvold method and the W.R.U. method. The variables in
each analysis were M, the two methods, and N, the 20 skulls measured
for each characteristic. The M and N variables were crossed with M
a finite variable and N an infinite variable. The variance for the
M effect was F tested against the variance of the MN effect to
determine significance. This was first done with the o©< error set

at the five per cent level. When a significant effect was found it
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was retested with the error set at the one per cent level to see if
the effect still proved to be significant. The results of these tests
are presented in Tables 8, 9, 10, 11 and 12.

Analyses were next performed to determine the magnitude of
the error. The first set of determinations was made on the results
obtained when the skulls were repositioned and remeasured. The
variables were R, the two measurements and N, a random sample of
10 of the original 20 skulls remeasured within each method. Both R
and N were crossed with R infinite and N infinite. R and N were
tested against RN and a variance for the error obtained after non-
significant effects had been pooled. The statistical results of the
error study for repositioning within each method are presented in
Tables 13, 14, 15, 16, 17, 18, 19, 20, 21 and 22.

A similar set of analyses were performed to determine the
magnitude of the error when the craniofacial landmarks were relocated
and remeasured without repositioning of the skulls. A random sample
of 10 of the original 20 skulls was used. The procedure was other-
wise the same as that used in determining the repositioning error.
The statistical results of the error study for the measurements
following relocation of the craniofacial landmarks within each method
are presented in Tables 23, 24, 25, 26, 27, 28, 29, 30, 31 and 32.

Tests were then made for the homogeneity of the error
variances. The repositioning and landmark errors were first tested
internally. The right zygomatico-frontal suture and left zygomatico-
frontal suture within each method were tested using the Cochran test.

A similar set of analyses were performed on the remaining measurements
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and all results recorded in Tables 33, 34, 35 and 36. Where the
errors were homogeneous the error between methods was tested for
homogeneity. Thus the Harvold Zygoma error was tested against the
WeR.U. zygoma error. The statistical results of these tests are
presented in Tables 37 and 38.

The repositioning error terms and landmark error terms were
now tested for internal consistency. That is, for the repositioning
errors the zygomatico-froantal suture, zygoma, etc., were Cochran
tested for homogeneity. These statistical tests are presented in
Tables 39 and 40,

Finally, the repositioning error was tested against the

landmark relocation error and recorded in Table 41,



FINDINGS AND DISCUSSION

In this investigation a W,R,U, technique was being compared
to the Harvold technique of establishing a mid-sagittal reference
base. However, the postero-anterior cephalograms used to simulate
the Harvold technique were obtained with the skull in a vertical
rather than horizontal position. Thus, it was necessary to evaluate
the simulated Harvold technique to which the W.R.U. technique was
being compared. Harvold's resultsl? indicated that in 90 per cent
of cases his median plane divided the distance between the right and
left zygomatic bones into two parts that differed by less than 3mm.
As shown {n Table 7 a one tailed 't' test was performed on the
distribution of the differences of the Harvold left and right zygomaticoe-
frontal suture measurements used in this study. The results showed
that in the simulated Harvold technique, the median plane, in 90
per cent of cases divided the distance between the right and left
zygomatic bones inteo two parts that differed by 2.70mm or less. This
test demonstrated the close reproducibility of results obtained
between the original Harvold technique and the Harvold technique
used for comparison in this investigation.

Since one of the purposes of this study was to compare
measurements of facial and dental asymmetries obtained by the Harvold
technique with those derived from the W.R.U. technique an analysis of

variance was performed on each of ten sets of measurements. These
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statistical tests (Tables 8, 9, 10, 11 and 12) were to determine if
there was a significant difference between the results obtained using
the Harvold method and the V.R.U. method. In testing the M effect,
the difference between methods, it was found to be significant at the
five per cent level for the left zygomatico-frontal suture (Table 8)
and significént at both the five per cent and one per cent levels for
the right and left zygomas (Table 9). 1In all other cases the difference
between methods was found to be not significant (Tables 10, 11 and 12).
For the left zygomatico-frontal suture the W,.R.U. method gave a mean
difference of 0.43mm higher than that given by the Harvold method
(Table 8). For both the right zygoma and left zygoma the W.R.U. method
gave a mean difference of 0,65mm higher than that given by the Harvold
method (Table 9). It was evident from the statistical analyses that
the W.R.U. method shawed a high degree of reproducibility of results
when compared to the Harvold method. Since the results obtained from
the W.R.U. modified technique coinecided closely with the results obtained
from the Harvold technique, it was also possible to support Harvold's
contentionZ? that the right and left zygomatico-frontal sutures are
very symmetrically placed relative to point "X", Therefore, the W.R,U,
method can be considered a reliable alternate procedure for the Harvold
method in the establishment of a midesagittal reference base.

The experimental data were examined statistically to determine
the methodological errors associated with the repositioning of the skulls 4
and relocation of the craniofacial landmarks. In the erxor studies
only one significant difference was found in the repositioning means

(Tables 13, 14, 15, 16, 17, 18, 19, 20, 21 and 22). This was for the
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Harvold left gonion (Table 17). The first position gave a mean differ-
ence of 0.45mm higher than the second position. This was significant
at both the five per cent and one per cent levels. Why the first
reading was higher than the second reading in this particular measure-
ment cannot be explained.

In testing the homogeneity of the error variances for reposie-
tioning, all the zygomatico-frontal sutures, zygomas, maxillary first
molars, mandibular first molars and gonions were found to be homo-
geneous for both the Harvold and W.R.U. methods (Tables 33 and 34).
Thus there was no significant difference in the error variances for
repositioning when left craniofacial measurements were tested against
right craniofacial measurements within methods. The pooled error
variances were then Cochran tested between methods. The only differ-
ence found was for the zygomatico-frontal suture (Table 37). In this
case the variance for the Harvold method was .0995 and the variance
for the W.R.U. method was .025. Further testing between zygomas,
maxillary first molars, mandibular first molars and gonions produced
the following two populations of variances (Table 39):

1. W.R.U. Zygomatico-frontal suture (T'RN2 = ,025 20 D.F.

2. Harvold zygomatico-frontal suture,

zygomas, Maxillary first molars,

mandibular first molars and 2
gonions CTRN = ,1928 180 D.F.

The landmark errors were then studied within methods (Tables
23, 24, 25, 26, 27, 28, 29, 30, 31 and 32). No difference was found
between zygomatico-frontal sutures, zygomas, maxillary first molars,
mandibular first molars and gonions (Tables 35 and 36). Across methods

a significant difference was found only between the Harvold zygoma and
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the W.R.U. zygoma (Table 38). For the Harvold zygoma the variance was
012 and for the W.R.U. zygoma the variance was .112, These pooled
and unpooled varijances were checked across Zygomatico-frontal sutures,
zZygomas, maxillary first molars, mandibular first molars and gonions
and produced the following three populations (Table 40):
1. Zygomatico-frontal sutures Jgry? = 0.0 40 D.F.
2. Harvold zygoma Tgy? = .012 20 D.F.
3. W.R.U. zygoma, maxillary first
molars, mandibular first molars
and gonions Ten? = .1096 140 D.F.
Finally the major pooled variances for the repositioning error
and landmark error were Cochran tested (Table 41). A significant
difference between these errors was found.
Since the landmark error is included in the repositioning error
or total error shown in Table 39 it was necessary to subtract the
landmark error from this total error in order to arrive at the true

repositioning error. This was performed in Table 42 and the landmark

error was shown to produce 56.8 per cent of the total variance,



SUMMARY AND CONCLUSIONS

This investigation was conducted to compare measurements of
facial and dental asymmetries obtained by the Harvold method with
those derived from a modified procedure and to develop a modifica-
tion of Harvold's technique for establishing a mid-sagittal reference
base,

 Using two different positioning methods, 40 postero-anterior

cephalograms were made of 20 adult skulls with full complements of
teeth and various types of occlusions. The first positioning method
was with a nasion rest in place and the second positioning method
made use of an adjustable platform under the mandible for support so
that the nasion rest could be eliminated. Errer studies were conducted
on both methods to determine the magnitude of the repositioning error.

Identical bilateral craniofacial landmarks were measured by
use of a millimeter grid on the obtained postero-anterior cephalograms.
The W.R.U, technique of measurement was used on the 20 cephalograms
obtained by the first positioning method. Harvold's technique of
measurement was used on the 20 cephalograms obtained by the second
positioning method. Error studies were conducted on both techniques
to determine the magnitude of the error associated with the relocation
of craniofacial landmarks.

The experimental data of this study were subjected to statisti-

cal analysis and the following conclusions were formed:
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The simulated Harvold median plane in 90 per cent of
cases divided the distance between the right and left
zygomatic bones intc two parts that differed by 2,.70mm
or less. Therefore, the simulated Harvold technique
used for comparison in this investigation demonstrated

a close reproducibility of results when compared to the
original Harvold technique.

The W.R.U. method produced a left zygomatico-frontal
suture reading that was on the average 0.43mm higher
than that obtained using the Harvold method. This
difference in methods was significant at the five per
cent level only.

The W.R.U. method produced a zygoma reading that was

on the average 0.65wm higher than that obtained uging
the llarvold method. This difference in methods was
significant at both the five per cent and one per cent
levels, | |
In all other measurements the W.R.U. and Harvold methods
produced readings that were not significantly different.
For both repositioning and landmark errors all zygomatico-
frontal sutures, zygomas, maxillary first molars,
mandibular first molars and gonions gave the same error
within methods.

For the repositioning error (a) the W.R.U. zygomatico-
frontal suture and (b) the Harvold zygomatico-frontal
suture, zygomas, maxillary first molars, mandibular first

molars and gonions constituted two separate populations.
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7. For the landmark error the (a) zygomatico-frontal sutures,
(b) Harvold zygoma and (c) W.R.U. zygoma, maxillary first
molars, mandibular first molars and gonions each consti-
tuted a separate population.

8. There was a significant difference between landmark error

and the repositioning error in all cases.

From the preceeding discussion and conclusions it is apparent
first, that since all measurements were to the nearest 0.S5mm the
magnitude of the methodological error was small enough so that the
procedures used to obtain the experimental data could be repeated
with &8 high degree of accuracy. Second, the results indicated that
the W.R.U, method was a reliable alternate procedure for the Harvold
method in the establishment of a median plane. Finally, the W.R.U.
method, which does not necessitate the location of Harvold's "X
point, provides the clinictan with means of easily determining a

mid-sagittal reference base from standard postero-anterior cephalograms.
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TABLE I

ERROR STUDY DATA FOR REPOSITIONING SKULLS IN
THE CEPHALOMETER USING METHOD I

B s =T

Skull Numbers 367 [ 49 [583 | 50 | 571 [140 [155 }566 {576 |344

R. Zy. Fr, Su., |350,0{50.5/49.5150.5]51.5/48.5{51.0052.0(52.5(54.0
L. Zy. Fr. Su. |50.0/50.5}49.5]/50.5}51.5]/48.5]51.0}52.0]52.5{54.0
R. Zygoma 61.0163.5/63.0}68.5|64.5]59.5/64.0167.5165.0}70.0
L. Zygoma 61.0162.0161.0164.0}61.0160.0162.0{62.5/66.0{69.0
Rs Mx. 6 30.3129.5130.0§34.0|22.0{30.0129.5}29.0 |34.0 {30.5
L. Mx. 6 31.0}29.0]28.5}27.5/28.0 |27.0}25.5{28.0 {30.0 {27.0
R, Md., 6 29.0127.5129,5133.5/30.0 {28.0}30.0§27.0 |31.5[27.0
L. Md. 6 28.0129.0}25.0 }25.0/25.0 |24.0}25.5]27.5[26.5}25.5
R. gonion 44.0143.5]54.0 {54.5]55.5 }43.0{53.5]49.0 {33.5|51.0
L. gonion 43.0]30.5]47.0 [45.5[49.0 }41.5[48.0§50.0 {53.5 [48.0

All measurements are in millimeters



© Skull Numbers

TABLE 2

32.

ERROR STUDY DATA FOR REPOSITIONING SKULLS
IN THE CEPHALOMETER USING METHOD II

R._Zy. Fr. Su. 4.3.4 so.i 49.0! 49.5, 50.5149. 52.0 51.5'52.0 53.0
L. 2y. Fr. Su. 49.0' 50. 1 49.5’49.Jso.s]&9.o 48, 51.5!52..9 53.0
R, Zygoma eo.of 63, ez.sr 67.46&.0! 59.0f 65.0 66.0! 64.00 68.0
L. Zygoma so.olu.. 60. 463 oleo.s{ 59.4 ss.l e:s.ol 65.9 68.5
R, Mx. 6 31.430.0 29, 5{34,5‘31 5‘30.4 31.0 28.0’ 3,2,4 29.0
L. Mx. 6 30.5[19. 29, olzs ol 27. Jze.olz 4 29.0 3o.I27_.s
R. Md., 6 28.5/27.% 29.0[34.0 30. o‘zs o,:n“ 27.0 31.0[ 26.5
L. Md. 6 28,01 29.d 25.3 24.5 za.slza.o‘ 23.4 27.9 27. J 25.0
R._gonion 43,5147, 52.5]54 5| 55.0[43.4 55.4 47. 5'52. 49.5
L. gonmion 45.014 147 s’u..slae s‘u a,as q as,ol 53.0 49.5

All measurements are in millimeters
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TABLE 4
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ERROR STUDY DATA FOR MEASUREMENTS FOLLOWING RELOCATION
OF THE CRANIOFACIAL LANDMARKS USING METHOD II

Skull Numbers 229 1255 {130 (154 | 49 |[s566 |361 {155 {583 [140

R. Zy. Fr. Su. 30.5]51.5}51.5/52.5{50.5]51.5/51.0]52.0{49.0149.5
L. Zy. Fr. Su. 31.3154.0§52.5/51.0{50.5]5:.5/51.0(48.0{49.5]48.5
R. Zygoma 63.0167.0167.0162.0163.0166.0{59.5]64.5[62.0]59.0
L. Zygoma 61.0166.5[62.0]62.0{61.5[63.0{61.0}60.0}/61.5{59.5
R. Mx, 6 34.0130.5]31.0}31.5}29.5/28.0}27.5131.0}29.5{30.0
L. Mx. 6 31.0130.5128.5]28.5/29.0}28.5}29.0{24.0}29.0{27.0
R. Md. 6 29.5129.0/29.031.0127.0}26.5/26.5{31.0029.028.0
L. Md. 6 27.5128,0125.5{28.0/29.0{28.0]28.5{23.5{25.0|25.0
R. gonion 30.0}31.5}149.5153.5}46.5]48.0{44.0}54.0]52.0 |44.0
L. gonion 30.5]51.0141.0|51.5§48,5}49.5145.5147.0]48.540.0

All measurements are {n millimeters
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TABLE 6

ERROR STUDY DATA FOR MEASUREMENTS FOLLOWING RELOCATION
OF THE CRANIOFACIAL LANDMARKS USING METHOD I

36.

Skull Numbers 229 1255 {130 {154 | 49 |566 |361 {155 583 {140
R Zy. Fr. su. _|51.0]53.5|52.5]52.0/50.5|51.5[51.0051.0 lu9.5 49.0
L. 2y. Fr. Su. |51.0f53,5/52.5152.0]50.5}51.5/51.0}51.0}49.5}49.0
R._Zygoma 66.5)69.0168.0162.0{63.5167.0}60.5/64.0063.059.5
L. Zygoma 61.0/66.0]62.0(63.0]62.0/64.0{61.0{62.0/61.560.0
R. Mx. 6 34.0]31.5[31.5§31.5{29.5}29.0}27.5{30.0}30.0{30.5
L. Mx. 6 31.0]30.5|28,5129.5/29.5/28.5030.0]26.0 |28.5{27.0
R. Md, 6 31.0/29.0{29.5{30.5/26.5{27.0{26.0{29.5]29.5]28.5
L. Md. 6 26.0/28.0(25.5/29.0]30.0/28.0/29.5]25.0|25.5{25.0
R. gonion 52.5]52.0]50.5]53.047.0150.0}44.053.053.5/44.0
L. gonion 49.0150.5[40.0152.5}49.0]49.0]46.5]48.547.5 |40.0

All measurements are in millimeters



TABLE 7

TEST TO DETERMINE THE REPRODUCIBILITY OF RESULTS OBTAINED
BY THE HARVOLD METHOD USED IN THIS INVESTIGATION
(P<A CEPHALOGRAM WITH SKULL IN VERTICAL POSITION)

Distribution of Differences
Harvold Method

Skull Number R.Zy.Fr.Su. = L.Zy.Fr.Su. (R.Zy.Fr.Su. = L.Zy.Fr.Su.)?
229 2.0mm
154 -.5
255 3.5

50 1.0
550 -.5
130 2,0

49 1.0
566 1.0
367 0.0
361 1.0
576 0.0
344 2.0
155 2,5
340 3.0
583 1.5
140 0.0
571 2.0
135 0.0
563 0.0
146 1.5

18.0mm 52, 50mm?

xl = Harvold L.Zy.Fr.Su.
XZ = Hamld R.Zy.F!'.-Su-

D-XI-XZ

D=g<D N =20
N

To " v/;: 2 -(g2p;? =~ \1.815 = 1,35
N N*

tgp = 1.33 one tail 20 degrees of freedom

D= .90 + £0°) = .90 + 1.80 = 2.70mm or less 907%
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38.

ANALYSIS OF VARIANCE FOR THE MEASUREMENTS OF LEFT AND RIGHT
ZYGOMATICO-FRONTAL SUTURES TO DETERMINE IF THERE IS A
SIGNIFICANT DIFFERENCE BETWEEN METHODS I AND II

Left Zygomatico-frontal Suture

S.V’

S.S. L.F. }45

Fogs F

M 1.80
N k11.07
MN 3.57

1
19
19

L.BO

5.85
«.29

4.35 k.20

TOTAL L18.44

39

Right Zygomatico-frontal Suture

S.V. SQS. F.Ft- M.Sc Fogs F
M 2.121 1 R.12 §.35 B.62
N 65.74 119 B.72

MN 11.13 119 | .586

TOTAL L78.99 39

L]

The M effect is significant..
My (Harvold) = 4,00mm

MZ (W.RcU¢)

= 4,43mm

At 1% level F.gg = 8.10 and the
M effect is not significant..

TABLE

The M effect is not significant.

9

ANALYSIS OF VARIANCE FOR THE MEASUREMENTS OF LEFT AND RIGHT

Left Zygoma

S.S.

Right Zygoma

S.S..

ZYGOMAS TO DETERMINE IF THERE IS A SIGNIFICANT
DIFFERENCE BETWEEN METHODS I AND II

k.35 b2.87

K 4.221 1 14,22 4,35 }7.73 M 4.23 1 1 |4.23

N 220.12 119 f1.59 N 321.65 |19 }6.93

MN 4.53 119 +238 MN 3.52 119 183
TOTAL R28.87 { 39 TOTAL 329.40 | 39

The M effect is significant at
both the 57 and 1% levels.

M2 - 3070m

S.V. = Source of Variation

5.8,
D.F.

= Sums of Squares
= Degrees of Freedom

The M effect is significant at
both the 5% and 1% levels.

Ml = 4;63‘"“
My = 5.28mm

M
M
N = Skulls

«5. = Mean Square
= Two Methods
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TABLE 10

AMALYSIS OF VARIANCE FOR THE MEASUREMENTS OF LEFT AND RIGHT
MAXILLARY FIRST MOLARS TO DETERMINE IF THERE IS A
SIGNIFICANT DIFFERENCE BETWEEN METHODS I AND II

Left Maxillary First Molar

=======F====F::::?::::T:::
S-Vo S.S. D.Fo M.S. Fags F

M 271 1 «2714.35].67
N 118.24) 19 {6.22
MN 7.601 19 | ,40

TOTAL {126.11} 39

The M effect is not significant,

Right Maxillary First Molar

o S
v -

S.V, 3.5, |D.F.{M.S.[F.g5| F

M 901 1} .90}4.35{2.50
N 160.35| 19 {8.44
MN 6.85] 19 | .36

TOTAL{168.10} 39

The M effect is not significant.

TABLE 11

ANALYSIS OF VARIANCE FOR THE MEASUREMENTS OF LEFT AND RIGHT
MANDIBULAR FIRST MOLARS TO DETERMINE IF THERE IS A
SIGNIFICANT DIFFERENCE BETWEEN METHODS I AND II

Left Mandibular First Molar

SQV‘ Sosc_ D.F._ M;S; F..9s F

M «22} 1 | .22{4.35].52
N 151.72{ 19 }|7.99
MN 8.031 19 | .42

TOTAL{159.97] 39

The M effect is not significant.

« = Source Variation

= Sums of Squares

= Degrees of Freedom
= Mean Square

= Two Methods

= Skulls

ZXETouw
* o
0w

e 9

Right Mandibular First Molar

SV | S.S.|D.F.|M.S.|F.g5] F

M 901 1 .9014.35}2.25
N 177.00f 19 {9.31
MN 7.60) 19 | .40

TOTAL {185.50 | 39

The M effect is not significant
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TABLE 12

ANALYSIS OF VARIANCE FOR THE MEASUREMENTS OF LEFT AND RIGHT
GONIONS TO DETERMINE IF THERE IS A SIGNIFICANT
DIFFERENCE BETWEEN METHODS I AND II

Left Gonion Right Gonion
—-—'_———-—-——'———‘_—'-—————‘——————————_.___..______ M
S.V. slSc Din M-Sq Fogs F SQV- SO.S( Dan M-SQ F995 F
N 475.65| 19 |25.03 N 1615.37] 19 |32.39

MN 8.121 19 43 MN 10.57{ 19 « 96
TOTAL{484.40 | 39 TOTAL 1627.74 ) 39

The M effect is not significant. The M effect is not significant.
S.V. = Source of Variation

5.5. = Sums of Squares

D.F, = Degrees of Freedom

M.S. = Mean Square

M = Two Methods

N = Skulls



ANALYSIS OF VARIANCE TO DETERM
RIGHT AND LEFT ZYGOMATICO-

TABLE 13

Right Zygomatico-frontal Suture

M
S.V. | S.3.05.F. M. S, Fugg| F
R 12§ 1 | .12 [5.12] 2.18
N 37.521 9 [4.17 |3.02]65.60
RN .50 92 | .055

TOTAL |38.14] 19

The R effect is not significant,.

G—-RN = 2.49mm

Pooled mean square = ,062mm?

INE THE REPOSITIONING ERROR FOR THE
FRONTAL SUTURES USING THE HARVOLD METHOD

Left Zygomatico-frontal Suture

============================T====
5.V, S.S. [D.F. M.S. F'95 F

R <02 1 02 (5,12 |n.s.
N 47,27 9 [5.25[3.02 |37.5
RN 1.35f{ 9 .15

TOTAL |48.64 | 19

The R effect is not significant,

aq RN = «370mm

Pooled mean square = .137mm2

TABLE 14

ANALYSIS OF VARIANCE TO DETERMINE THE REPOSITIONING ERROR
FOR THE RIGHT AND LEFT ZYGOMAS USING THE HARVOLD METHOD

Right Zygoma Left Zygoma

S!Vl SCS. DOFI L.ASQ F.95 F S.._V.. S.Sn. D.F.V. M.S. ans F
n 002 1 002 5‘ 12 NC_S.. R -20 1 020 5-12 2022
N 135.94¢ 9 17.32 3.02 173.2 N 151.25 | 9 |16.81 B.02 16.81
N 981 9 .11 RN 801 9 .09

TOTAL ]156.94 | 19 TOTAL {152.25 | 19

The R effect is not significant.

(T—RN = ,316mm

mean square = .10mm?2

Pooled

S

S =
2] =
M.5, =
R =
N ™

Sums of Squares
Degrees of Freedom
Mean Square

Two measurements
Random sample of ten skulls

= Source of Variation

Pooled mean square = ,10mm?2

The R effect is not significant.

U gy = +316mm



TABLE 15

ANALYSIS OF VARIANCE TO DETERMINE THE REPOSITIONING ERROR FOR THE
RIGHT AND LEFT MAXILLARY FIRST MOLARS USING THE HARVQLD METHOD

Right Maxillary First Molar

S.S.

R .05] 1 |.05 |6.12 IN.S.
N 63.55| 9 [7.06 p.0o2l70.6
RN 951 9 | .106

TOTAL $4.55 | 19

The R ¢ffect 13 not significant.

O—RN - 31 6m

Pooled mean squaie = .10mm?

Left Maxillary First Molar

s.v. SQSQ ‘F. M.S' '95 F
R 05] 1 <05 5.12 N.S.
N 75.03] 9 [8.34 [3.02 [47.7
RN 1.70§ 9 .188

TOTAL [76.80 | 19

The R effect is not significant.

g gy = +418mm

Pooled mean square = .17 5am?

TABLE 16

ANALYSIS OF VARIANCE TO DETERMINE THE REPOSITIONING ERROR FOR THE
RIGHT AND LEFT MANDIBULAR FIRST MOLARS USING THE HARVOLD METHOD

Right Mandibular First Molar

Left Mandibular First Molar

$.V. | S.S.[D.F.|M.S.. h-'.95 F s.v.. | s.s.. FF L;.s. }'.95 F
R 05| 1| .o55.12|N.s. R a2 1 | .32 L.lz N.S.
N 99.50| 9 111.06 B.0288.48 N  l68.27| 9-[7.58 .02 30.0
RN 1.20] 9 | .13 RN | 2.55] o | .27

TOTAL 100.75] 19 TOTAL [71.14 19

The R effect is not significant,

O’ = ,354mm

RN
Pooled
Son -
S.S5, =

D'F'
M.S, =

N -

mean square = .12 5mm?

Source of Variation
Sums of Squares
Degrees of Freedom
Mean Square
R = Two measurements
Random sample of ten skulls

The R effect 18 not significant.

= ,534mm
(r RN

Pooled mean square = . 287mm?
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TABLE 17

ANALYSIS OF VARIANCE TO DETERMINE THE REPOSITIONING ERROR FOR THE
RIGHT AND LEFT GONIONS USING THE HARVOLD METHOD

Right Gonion Left Gonion

-SnVo S.S. D-Fo MOS. Fogs F Sva S.S. D-F- l\'j.S. F.95 F
R 45 1 .45 |5.12{ 1.76 R 1.02}) 1| 1.02 Is.12 ho.ss
N 361.80| 9 [40.20 [3.02{46.20 N  |201.77 9 [22.41 [3.18 |238.4
RN 2.30] 9 .256 RN 85 9| .094

TOTAL| 364.55| 19 TOTAL |203.64] 19

The R effect is not significant. The R effect is significant at the
5% level.
Ogry = +505mm
T gy = «307mm
Pooled mean square = .27 5mm?
F = 10.6 The R effect is signifi-
cant at the 1% level,

TABLE 18

ANALYSIS OF VARIANCE TO DETERMINE THE REPOSITIONING ERROR FOR THE
RIGHT AND LEFT ZYGOMATICO-FRONTAL SUTURES USING THE W.R.U, METHOD

Right Zygomatico-frontal Suture Left Zygomat{co-frontal Suture

S.,VQ S.S' D.F‘. M..S._ F.gs F SQ_VQ_ SQS. D._Fq M.S._ ‘H.)S F

R 0.0 1 0 |}5.12f N.5. R 0.0 1 0 |5.12 | N,s.
N 41.75f 9 {4.638 |3.02]166.8 N 41,75 9 }4.638 [3.02 |166.8
RN «23] 91 .0278 RN 251 9 | .0278

TOTAL} 42.00{ 19 TOTAL|42.00f 19

The R effect is not significant. The R effect is not significant.

a RN ® +167mm a a ™ .167mm

Pooled mean square = .025mm? Pooled mean square = .025mm2

S.V. = Source of Variation
5.5. = Sums of Squares
D.F. = Degrees of Freedom
i = Mean Square
R = Two measurements
= Random sample of ten skulls



TABLE 19

ANALYSIS OF VARIANCE TO DETERMINE THE REPOSITIONING ERROR FOR THE
RIGHT AND LEFT ZYGOMAS USING THE W.R.U, METHOD

Right

Zygoma

Left Zygoma

R 0.05) 1 .05} 5.12 .31 R 0.12] 1 12 15,12} 2.16
N 184,807 9 120.53{3.02{136.80 N 145,621 9 116.18 [3.02§260.90
RN 1.45] 9 16 RN .30} 9 0535
TOTAL|186.30} 19 TOTAL }146.24] 19

The R effect is not significant.

G-RN = ,387mm

Pooled mean square = ,15mm?

The R effect is not significant.

a RN = «249mm

Pooled mean =quare = ,062mm

TABLE 20

2

ANALYSIS OF VARIANCE TO DETERMINE THE REPOSITIONING ERROR FOR THE
RIGHT AND LEFT MAXILLARY FIRST MOLARS USING THE W.R.U. METHOD

Right Maxillary First Molar

Left Maxillary First Molar

SQVQ S.s._ DQ_F' M.SQ_ F.95 F S.Vg_ SQSQ DOF. M.S. Flgs F

R 02y 1} .02 |5.12} N.S. R «121 11 .12 |5,12} N,S.
N 68.02f 9 |7.56 |3.02]242.3 N 34.87] 9 }6.10 {3.02}212.5
RN 3.10f 9 } .344 RN 2.75] 9 | .306
TOTAL|{71.14] 19 TOTAL|37.74} 19

The R effect is not significant.

G’RN = ,557mm

Pooled

2T oLWwm
* a
) 0o <
* o

mean square = .312mm

2

Source of variation
Sums of Squares
Degrees of Frcedom
Mean Square

Two measurements

Randem sample of ten skulls

The R effect is not significant.

a = ,536mm
RN

Pooled mean square = ,287mm

2
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TABLE 21

ANALYSIS OF VARIANCE TO DETERMINE THE REPOSITIONING ERROR FOR THE
RIGHT AND LEFT MANDIBULAR FIRST MOLARS USING THE W.R,U, 4ETHOD

Right Mandibular First Molar

Left Mandibular First Molar

S.Vo SoSa D-F. M.So Fogs Fn SIV. ScSo D.Fo M.S. F.gq F-
R 120 l .20 5'12 N.S. R 000 1 000 5.12 N.S'
N 83.55}] 9 {9.28 {3.02{41.20 N 54.80( 9 6.09 [3.02 21.90
RN 2.05} 9 «227 RN 2.501 9 «278

TOTAL 85.80] 19 TOTAL {57.30} 19

The R effect is not significant.
G-RN = ,474mm

Pooled mean square = ,225mm2

The R effect is not significant,
0 gy = +527mm

Pooled mean square = « 250mm?

TABLE 22

ANALYSIS OF VARIANCE TO DETERMINE THE REPOSITIONING ERROR FOR THE
RIGHT AND LEFT GONIONS USING THE W.R.U, METHOD

Right Gonion Left Gonion
“ M
s.vc SCSI Doch M.Sl_ F._gs F.__ SQ,VQ, SQS' D.Ft Mo.So, F.95 Fo
R 201 1 «20 §5.12] N.S. R 321 1 «32 }5.12} N.S.
N 367.25{ 9 ]40.80 |3.02}116.60 N 211,02} 9 [23.45 |3.02}65.10
RN 3.30f 9 «366 RN 3.30f 9 . 366

TOTAL|} 370.75} 19 TOTAL }214.64] 19

The R effect is not significant.

0.y = .592mm

RN

Pooled mean square = .350mm?

S.V. = Source of Variation
S.S. = Sums of Squares

D.F, = Degrees of Freedom

M.S. = Mean Square

R = Two measurements

N = Random sample of ten skul

ls

The R effect is not significant,

T an

Pooled mean square = .360mm2

= ,60mm



TABLE 23

ANALYSIS OF VARIANCE TO DETERMINE THE LANDMARK ERROR FOR THE
RIGHT AND LEFT ZYGOMATICO-FRONTAL SUTURES
USING THE HARVOLD METHOD

NOTE: (pn2 = Omm?

No error for the right and left zygomatico-frontal sutures.

46,
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TABLE 24

ANALYSIS OF VARIANCE TO DETERMINE THE LANDMARK ERROR FOR THE
RIGHT AND LEFT ZYGOMAS USING THE HARVOLD METHOD

Right Zygoma Left Zygoma
S.V. S.S.[D.F.[ M.S. F.95 F S.V. S.S.|D.F.|M.S. F'95 F .
R 02 1 .02 §5.12f N.S. R 021 1 .02 }5.12] N.S.
N 148.62] 9 {16.50 {3.02{1375.0 N 72.02f 9 8.00 {3.02{667.0
RN 101 9 .011 RN 101 91 .011
TOTAL| 148.74] 19 TOTAL|72.14] 19
The R effect 1s not significant. The R effect is not significant.
Oy = o1lmm = .11

RN CrRN mm
Pooled mean square = .012mm2 Pooled mean square = ,012mm2

TABLE 25

ANALYSIS OF VARIANCE TO DETERMINE THE LANDMARK ERROR FOR THE
RIGHT AND LEFT MAXILLARY FIRST MOLARS
USING THE HARVOLD METHOD

Right Maxillary First Molar Left Maxillary First Molar

SCVQ S.s. D.F. MoSo F095 F S.vn- S.S' DIF. M.SQ F.95 F

R 03] 1] .05 |S.12]N.5. R «32f 1} .32 |5.12} 3.56
N 39.95] 9 }6.66 |3.02|88.8 N 70.32) 9 {7.81 {3.02169.70
RN .70] 9} .078 RN .80 9| ,089

The R effect is not significant. The R effect is not significant.
0oy = -274mm (]'RN = .333mm

Pooled mean square = .07 Sum? Pooled mean square = .112mm?

S.V. = Source of Variation

S.S. = Sums of Squares

D.F. = Degrees of Freedom

M.S. = Mean Square

R = Two Measurements

N = Random sample of ten skulls
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TABLE 26

ANALYSIS OF VARIANCE TO DETERMINE THE LANDMARK ERROR FOR THE RIGHT
AND LEFT MANDIBULAR FIRST MOLARS USING THE HARVOLD METHOD

Right Mandibular First Molar Left Mandibular First Molar

—

S.v- S.S. D.F. M'sl F-gs F

R 0.0 110.0 5.12} N.S. R .02 i .02 §5.12] N.S.
N 53.55] 9 [5.95 {3.02{107.0 N 59.02) 9 16.56 [3.02[105.8
RN +301 91 .0556 RN 601 91 .067
TOTAL} 54.05{ 19 TOTAL [59.64] 19
The R effect is not significant. The R effect is not significant.
Try = +236mm chN = ,249mm
Pooled mean square = .056mm2 Pooled mean square = ,062mm2
TABLE 27
ANALYSIS OF VARIANCE TO DETERMINE THE LANDMARK ERROR FOR THE
RIGHT AND LEFT GONIONS USING THE HARVOLD METHOD

Right Gonion Left Gonion

|

T et

s ﬁﬁ‘—?
S.V. S.S.- DO-FQ M.»Sov F.gs F S;V. SUS. D.FO M'S. Fo95 F

R 9.0 1§ 0.0 |5.12f N.5. R 021 1 .02 }5.12} N,sS.
N 234,95{ 9 }26.10 |3.02{348.0 N 289.771 9 132.20 {3.02}370.0
RN .75] 9 075 RN .85 9 .094

TOTAL| 235,704 19 TOTAL {290.64) 19

The R effect is not sigznificant. The R effect is not significant.
Ory = -295mm T py = »295m

Pooled mean square = .07 5mm? Pooled mean square = .087mm?

S.V. = Source of Variation

S.3. = Sums of Squares

D.F. = Degrees of Freedom

M.S. = Mean Square

R = Two Measurements

N = Random sample of ten skulls



TABLE 28
ANALYSLS OF VARIANCE TO DETERMINE THE LANDMARK SRROR FOR THE

RIGHT AND LEFT ZYGOMATICO~FRONTAL SUTURES
USIRG THE W.R.U. METHOD

ROTZ ¢ G&& - Ot

Me error for the right and left zygomatico-frontal sutures.

49,



50'

TABLE 29

ANALYSIS OF VARIANCE TO DETERMINE THE LANDMARK ERROR FOR THE
RIGHT AND LEFT ZYGOMAS USING THE W.R.U.. METHOD

Right Zygoma

Left Zygoma

S S.S. |D.F. |M.S. F. F S.V S.S5. |D.F. |M.S, F

o Ve 95 e Vo ede F095
R 0.121 1 0.12 |5.12§ N.S.. R <121 1 10.12 5.12] 2.18
N 170.62| 9 [18.96 {3.02{117.0 N 35.021 9 |6.11 [3.02 8.50
RN 1,50} 9 +167 RN .30f 9 055
TOTAL {172.24{ 19 TOTAL |55.64] 19

The R effect is not significant.

Oy = +402mm

Pooled mean square = ,]162mm?

The R effect is not significant.
JRN = «249mm

Pooled mean square - ,062mm?2

TABLE 30

ANALYSIS OF VARIANCE TO DETERMINE THE LANDMARK ERROR FOR THE
RIGHT AND LEFT MAXILLARY FIRST MOLARS USING THE W.R.U, METHOD

Right Maxillary First Molar
“m*

S.V.

SG‘S.‘

D.F.

M.s. F.gs

F

0.05
352,70
.70

O 2O e

0.03 |5.12
5.86 {3.02
.078

NC-S °-
78.0

TOTAL

33.45

19

The R effect is not significant.

GRN = ,274mm

Pooled

(VAR TR <
L ]

zwgﬁvmm

mean square - .075mm2

Source of variation
Sums of squares
Degrees of Freedom

= HMean Square

Two measurements

Random sample of team skulls

Left Maxillary First Molar

b e EDEEsA T

S‘V. S.s. D‘FQ M.S. Fogs F

R 0.0 1 10.0 [5.12{N.s.
N 41.35)1 9 [4.617]3.02{36.9
RN 1.23§ 9| .125

TOTAL{42.80} 19

The R effect is not significant.

Pocled mean square = ,125mm?



TABLE 31
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ANALYSIS OF VARIANCE TO DETERMINE THE LANDMARK ERROR FOR THE RIGHT
AND LEFT MANDIBULAR FIRST MOLARS USING THE W.R.U, METHOD

Right andibular First Molar

S.V. SQS. DQF- M.S. F095 F

R 0.32) 1 {0.32 |5.12} 2
N 46.52] 9 |5.169(3.02] 31
]N 1.30f 9 | .144

TOTAL{48.14) 19

The R effect i3 not significant.
Ugry = +402mm

Pooled mean square = .162mm?

Left Mandibular First Molar

SQV. SUS.

D.F. M's.

R 0.20
N 63.70
RN 1.05

1 10.20
9 {7.08
9

114

TOTAL|64.95

19

The R effect is not significant.

O’RN = ,354mm

Pooled mean square = .12 5mm?

TABLE 32

ANALYSIS OF VARIANCE TO DETERMINE THE LANDMARK ERROR FOR THE
RIGHT AND LEFT GONIONS USING THE W,R.U., METHOD

Right Genion Left Gonion

SOV‘ S.S. D.F. M-S- F.gs F S'v. S.S. D.F. M‘S. Fugs F

R 0.02f 1} 0.02 {5.12] N.S. R 0.43F 1 | 0.45 }|5.12] 2.61
N 247.521 9 }27.5 [3.02/169.8 N 288,801 9 132,09 {3.02{160.5
RN 1.60f 9 «162 RN 1.35} 9 «172

TOTALI 249,14} 19 TOTALI 290,801 19

The R effect is not significant.

URN = .402mm

Pooled mean square - .162mm2

= Source of Variation

= Sums of Squares

= Degrees of Freedom

= Mean Square

= Two measurements

= Random sample of ten skulls

¢ °
W <
°* o+ o

ZW:’(UU)&O

The R effect is not significant

G_RN = 447 mm

Pooled mean square = , 200mm?
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TABLE 33
FINDINGS OF THE TEST FOR HOMOGENEITY OF THE ERROR VARIANCES

FOR REPOSITIONING BY THE HARVOLD METHOD
(COCHRAN TEST)

Zygomatico-frontal suture

C= ,137 = ,688 Cerit. = .801 Not significant
.199
Pooled variance = .0995 20 D.F.
Zzgoma
C=.10=.5 Corit, = -801 Not significant
«20
Pooled variance = ,10 20 D,F.

Maxillary First Molar

C=,175 = ,636 e = .801 Not significant
it.,
2275 cr
Pooled variance = ,1375 20 D.F.

Mandibular First Molar

C = .287 = .697 Cerit, ™ 801 Not significant
412
Pooled variance = .206 20 D.F.
Gonfon
. 369

Pooled variance = ,1845 20 D.F.
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