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INTRODUCTION

The subject of craniofacial form and growth has intrigued investi-
gators for many years. Prior to 1931, researchers were primarily lim-
ited to examination of dried skulls or external cranial measurements of
living human beings. This type of data enabled investigators to derive

crude cross-sectional data but was impractical for longitudinal research.

The introduction of the cephalometric technique in 1931 by Broadbent
and Hoffrathl’2 provided anthropologists and orthodontists with a far
more viable and accurate investigative method than had previously ex-
isted. The method has been found to be of limited clinical usefulness
in diagnosis and for describing gross changes (more than 1 mm.) in
individuals during growth and treatment. Cephalometrics has also been
useful in cross-sectional studies for describing average craniofacial
changes. However, the method is severely limited due to the fact that
errors inherent in the technique are often greater than the changes

being described.

One of the greatest research problems has been, first of all, that
of landmark location.3 The second great dilemma of longitudinal ceph-
alometrics has been how to superimpose subsequent radiographs of the
same patient. In 1955, Bjork attempted to solve these problems through
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the use of metallic implants.” The implant method was meant to supply

stable reference points upon which serial cephalograms could be accurately



superimposed and therefore make longitudinal craniofacial growth study

more meaningful.

Although the implant method appears to be more accurate, it is,
however, only minimizing a source of error. There are other problems
still present such as:

1) Implant stability - tissue reactions or improper placement
in areas of resorption or tooth eruption could well affect
implant position.

2) The implants placed to date are not all in the same sagittal
plane and are therefore subject to radiographic distortion
relative to each other. This is due to the fact that we are
representing a three-dimensional object on a two-dimensional
film. It is also possible that differential growth within a
single jaw could alter implant relationships.

3) Patient movement and the problem of repositioning patients
in the same manner as previous films continue to be major

sources of error.

The purpose of this pilot study is to establish parameters of implant
stability for superimposition purposes. This should aid future studies

in determining growth and treatment changes.



REVIEW OF THE LITERATURE

The choice of landmarks to use for reference points or planes has
long been a source of controversy in craniofacial studies. The first
attempt at a consensus opinion was addressed at the Frankfort Anthro-
pological Conference in 1882, which was the origin of the frankfort
horizontal plane.4 Broadbent‘s5 registration point and Brodie's6 sella-
nasion plane were two of the earliest attempts at a stable reference

mode for cephalometric purposes.

The cranial base is still a very popular reference plane for
superimposition of serial cephalograms although several authors in-
cluding Bjork,7 Bergesen,8 and Ford9 have noted changes in the pitui-

tary fossa and nasion that occur during growth.

There are conventional methods for superimposing maxilla and man-
dible,lO however, owing to resorption and apposition involved in bone
growth, superimposition of individual bones on the basis of external

1
bony contours is felt to be invalid.

It has been determined that of all possible error sources involved
: ; ,1
in the cephalometric method landmark location is by far the largest.l2 3
In 1971 Baumrind and Frantz3 demonstrated the landmark distribution

patterns of 16 different landmarks using a computerized x-y coordinate

locating procedure. The error residual patterns of these landmark



scattergrams were not random but were dependent as to x-y distribution
upon which landmark was being located. For example, A point would be
far more reliable in the x (horizontal) direction than in the y (verti-

cal) direction.

The fact facing those involved in conventional cephalometric work
is that so far research has been unable to identify any stable reference
point or plane from which to measure. It has been possible only to
determine change of one reference versus another as reference bases

also alter during growth.10

The problem of achieving a stable reference mode was thought to
be overcome by the use of metallic implant markers. Implants had been
utilized as early as 1727 by Steven Halesl4 but never to record cranio-
facial growth in humans via cephalometrics until Bjork. He first pub-
lished a study of five cases using tantalum implants in 1955.11 A more
complete study of 110 growing children detailing growth changes over

15 In these studies Bjork claimed an

11 years was published in 1963.
ability to determine real changes within 1 mm or 1.5 mm in either direc-

tion.

In 1959 Krebsl6 used vitalum implants to record expansion in a
rapid palatal expansion study. Other investigators involved in RPE
implant research were Isaacson and Murphy.17 In 1964 they recorded
alveolar and basal bone changes in five patients undergoing rapid pal-
atal expansion who also had cleft palate repairs. Their implants were
silver endodontic cone tips placed with an 18-gauge needle under a

raised mucoperiosteal flap.



In a 1965 study investigating changes in vertical dimension, Caccaro
and Lloyd18 used tantalum implants at points A and B in two adult denture

patients.

It has been noticed by several researchers that implants do not
maintain a perfect relationship to each other from one serial film to
another.15 Much of this apparent implant movement will be due to
patient movement and the inability to reposition a patient in the exact
same position in repetitive films on the same patient. It has been
demonstrated that a five-degree head rotation can result in a landmark
movement of 0-4.5 mm.19 Bjork20 used a cephalostat with a built-in
image intensifier and a television monitor to accurately reposition
the patient before a film is taken. A three-dimensional radiographic
technique using two x-ray sources aimed simultaneously at a single film

nr 21
has also been demonstrated to minimize error.

Biological factors also enter into implant movement from one serial
film to another. Bjork felt that occasional implant movement was due
to:15

1. placement of implant in pathway of erupting tooth.

2. placement of implant on bony surface undergoing resorption.

3. shallow placement of implant allowing periosteal drag.

4. electrolytic effects which stimulate fibroblastic activity.

Morris in 1972 examined the histologic reaction to implants made
2 ; : :
of tantalum and other metals. 2 After eight weeks he noticed tissue
reactions as evidenced by:

1. macrophage activity.



2. degradation of adjacent cells.
3. osteoblastic activity.

4. formation of a collagenous capsule.

Therefore, it can be concluded that the most precise possible

measuring methodology should be utilized as the magnitude of growth

or treatment change is frequently very small.
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MATERIALS AND METHODS

A sample of 15 Angle Class II male patients was selected from a
group that had been implanted at the Oregon Health Sciences University
Department of Orthodontics. All patients had been treated orthodon-
tically. The criteria for sample selection was that all subjects had
three implants in each jaw and retained them throughout the period of
serial cephalograms. Each member also had to have at least four ceph-
alograms covering a period of at least 30 months. Many subjects had
more films over a longer period of time. The average number of films
was 5.75 and the number of months covered by films averaged 62.2. The

number of months covered ranged from 21 to 137.

The implants had been placed in the following positions:
maxilla

position 1 - most posterior maxillary implant

position 2 - middle maxillary implant

position 3 - anterior maxillary implant

mandible
position 1 - most posterior mandibular implant
position 2 - middle mandibular implant

position 3 - most anterior mandibular implant

Implant positions were digitized utilizing a system of high fre-

quency microphones on an x-y axis sensing a high frequency spark. Four
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fiducial points were punched on each film in order to spatially orient
the computer for successive tracings on each film. Each implant posi-
tion and fiducial point was digitized three times for each film pro-
ducing a three-point scattergram for each point. A mean was produced
for each point from the three estimates. Any estimate that was further
away than 1 mm from the mean computed for the three implants was consid-
ered to be in error. This point was deleted and a new mean was then

projected using the two remaining estimates.

A program was written that directed the computer, a PDP1170 uti-
lizing a UNIX operating system, to superimpose serial radiographs. The
implants, as a group of three, in each jaw were treated separately by
the program. The triad of implants of one particular jaw were rotated
and translated by the computer until a best fit was attained with the

selected jaw's implants of the film being compared.

From this best fit situation residual errors were produced that
signified the linear distance between each implant position. This
method was designed to determine how closely one could superimpose one
film of an implanted patient upon another or rather how stable are

implants as reference points.

To attain a best fit for superimposition the computer rotates and
translates the three implants until a least squares situation is attained
for the error residuals. Another run for all films was also done em-
ploying a radiographic magnification, shrinkage, and head rotation cor-
rection procedure termed scaling. The scaling program not only rotates
and translates the three implants as above but will also uniformly

shrink or expand all three implants until a least squares situation is
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achieved. This procedure compensates for cephalometric error to some
degree but would also possibly disguise some linear implant movement.
Current thought, however, maintains that interstitial bone growth does
not occur. The majority of linear implant movement therefore may be

due to cephalometric error that the scaling program will reduce.

Two different runs of implant superimposition were done using
different films as the baseline reference point to which all the pa-
tients' successive films were compared. For the timepoint 1 data the
first film in each patient's file was the film to which subsequent
films were compared. A second data run used the second film in each
file as the baseline reference. This was attempted in order to deter-
mine if there is a settling-in period required for implant stability.
This could be due to the tissue reactions mentioned in the literature
review. As the first film in each file was taken on the day of implant
placement, it is possible that the second film might be a better ref-
erence base. The average time between first and second films was 10.4
months and ranged from one to 22 months. There was a total of 69 com-
parisons for the timepoint 1 data and 54 comparisons for timepoint 2

summed over all 15 patients.

Residual errors were summed for each implant position and means,
variances, and standard deviations were calculated. This was done for
all implants using timepoint 1 and timepoint 2, scaling and nonscaling
for each timepoint. Therefore, there were four groups of data produced

for all implant positions.

Statistically it was attempted to determine if any differences

between groups existed at the P.05 confidence level. This was done



using a three-way analysis of variance and Schiffé tests. The three
variables analyzed were: A) implant location, B) scaling versus non-
scaling, and C) timepoint 1 versus 2. This analysis would show if
any statistically significant difference existed between scaled or
nonscaled data, timepoint 1 and timepoint 2 data, and if any one im-
plant had a significantly different residual error mean and variance
versus the other two in the same jaw. The three-way analysis of
variance also enabled cofactors influencing implant residuals to

be examined.

Due to limited time available at the University of California
at San Francisco to digitize data points, there was no between or

within operator measurement error data derived for this study.
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FINDINGS

Maxilla

The mean differences for maxillary superimposition using nonscaled
timepoint 1 data were: position 1 - .6 mm, position 2 - .7, position 3 -
->; for the scaled timepoint 1 data: position 1 - .3, position 2 - .6,
position 3 - .4. For nonscaled timepoint 2 data the means were: posi-
tion 1 - .5, position 2 - .5, position 3 - .5; means for the timepoint 2

scaled data were: position 1 - .2, position 2 - .5, position 3 - .3.

The three-way analysis of variance indicated that implant position,

presence or absence of scaling, and whether timepoint 1 or 2 was used

as the baseline, were all significant as individual factors. That is
each of these factors, A, B, or C, were capable of significantly al-
tering mean and variance. The combination factors of implant position--
scaling (yes or no) and implant position--timepoint (1 or 2) were also
significant. This indicates that factors B and C are each capable of
altering the relationship of means and variances within factor A (implant

positions).

The Schiffé test indicated that implant position number 2 was
significantly different than positions 1 and 3. No difference could
be discerned between positions 1 and 3. The residual means of the
scaled data were significantly lower than the nonscaled. A signifi-
cant difference also existed between means of timepoint 1 and 2 with

timepoint 2 means being lower.
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Mandible

The mean differences for mandibular superimpositions using non-
scaled timepoint 1 data were: position 1 - 1.2, position 2 - 1.1,
position 3 - .8; for scaled timepoint 1 data means were: position 1 -
-4, position 2 - 1.0, position 3 - .6. The nonscaled timepoint 2 data
produced means that were as follows: timepoint 1 - .9, timepoint 2 -
1.0, timepoint 3 - .7; for scaled timepoint 2 data the means were:

timepoint 1 - .5, timepoint 2 - 1.0, timepoint 3 - .6.

The three-way analysis of variance of the three factors, A or
implant position, B or scaling versus nonscaling, and C or timepoints
1 or 2 were not all significant in the mandible as they were for the
maxilla. Factors A and B were significant but factor C, the timepoint
factor, was not. This would mean that the analysis could not detect
any difference between timepoint 1 or timepoint 2 data. For the com-
bination factors only AB was significant. Only scaling was capable
of altering mean end variance relationships among the implant posi-
tions. The fact that AC is not significant correlates with C (time-

point 1 or 2) being insignificant as an individual factor.

The Schiffé test for the mandibular analysis indicated that as
in the maxilla, implant position 2 had a significantly higher mean
residual than the other two positions. Also, as in the maxilla the
scaled data had a significantly lower mean than the nonscaled. The
Schiffé test backed up the initial impression given by the ANOVA that

the timepoint 1 and timepoint 2 data were not significantly different.
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DISCUSSION

The Schiffé test indicates that the second implant position has
a statistically higher mean than the other two implants. The biolog-
ical reasons behind this fact can only be guessed at. Implant number
2 was possibly more often placed in an area of developing alveolus
during the mixed dentition. Although interstitial bone growth is not
supposed to occur, if it did to any degree at all this could possibly
be responsible for this implant's relative instability. The vector
quantity for direction of implant movement is contained within the data
gathered for this project. We chose not to deal with vectors in this
paper but the direction of implant movement, especially implant number

2, would be of interest for future work.

A primary goal of this project was to determine how stable a
reference base implants provide. As only two implants would be all
that would be required for superimposition purposes, handling both
translational and rotational movements, it may be beneficial at some
future date to examine error residuals using only implants 1 and 3.

It is well possible that this would eliminate much of the error in the

process.

The effect of scaling was to significantly lower means and var-
iances for implants in both jaws. The idea of having a correction

ability for film errors such as magnification, shrinkage, and rotation



17

is attractive. The validity of using such a program and what implant
movement is disguised by scaling is questionable. Future work using
scaling with films containing calibrated fiducial points may be of aid

in determining scaling's usefulness.

Implant position 1 in both jaws was most significantly affected
by scaling. Mean and variance were drastically lowered for both time-
points. As to why this position, being closest to the central ray and
therefore least affected by magnification and rotation, should be most
affected by scaling is unknown. Perhaps future work may shed light

upon this phenomena.

Statistical analysis reveals some interesting points concerning
timepoint selection for future work using this sample. If one were
superimposing maxillas it would be significantly beneficial to use
timepoint 2 as the baseline in attempting to get a best fit of the
implants. However, if one were superimposing mandibles it is statis-
tically impossible to select if timepoint 1 or 2 is better. For pur-
poses of attaining a larger sample size the use of timepoint 1 might

be indicated.

Future work using only two implants may alter some of the rela-
tionships between the implants and the other factors of scaling and
timepoint. It may be possible that timepoint selection becomes signif-
icant for the mandible with only two implants. It is difficult to
reason why a settling-in period would be more beneficial for the maxilla

than the mandible. Future work may possibly reveal this not to be true.
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SUMMARY

1. Means, standard deviations, and variances were computed for resid-
ual errors between implant positions on superimposed maxillas and mandi-
bles using serial radiographs of a 15-patient, male, orthodontically
treated sample. The data were subjected to statistical analysis by

ANOVA.

2. The middle implant position in the first molar and bicuspid region
was found to have a significantly greater error residual than the other

two implant positions.

3. Scaling as a radiographic error correction procedure was found to
be significantly beneficial in providing lower error residuals between

superimposed implants.

4. The use of the second film in the sample patient's file as the
baseline reference for maxillary implants gave a significantly better
fit than using the first film. This was not found to be true for

mandibular implants.

5. It would be of value for a future study to determine within and

between operator error for the digitizing process.
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Maxillary Means, Standard Deviations and

Implant Positions

No Scaling

Scaling

Implant Positions

No Scaling

Scaling

Timepoint #1

Mean

SD

Variance

Mean

SD

Variance

Timepoint #2

Mean

SD

Variance

Mean

SD

Variance

TABLE 1

Maxilla

1
.640
.553

.306

.305
.228

.052

1
. 544
.425

.181

.231
.172

.029

Variances

.692

.482

. 233

.622

.416

.173

.490

.282

.079

.461

. 247

.061

.461

.368

.136

417

.281

.078

.540

.417

.174

.320

.186

.035



TABLE II
Mandibular Means, Standard Deviations and Variances

Mandible

Timepoint #1

Implant Positions 1 2 3
Mean 1.150 1.08 .770
No Scaling SD 1.18 .835 .539
Variance 1.396 . 697 .291
Mean .446 .976 .621
Scaling SD .390 .748 .452
Variance .152 .560 .204

Timepoint #2

Implant Positions 1 2 3
Mean .900 - 902 . 695

No Scaling Sb .966 .820 .537
Variance . 934 .673 -285
Mean 473 .958 .583

Scaling SD .475 + 408 .452

Variance .226 .639 .204



TABLE III
ANOVA for Maxillary Implant Positions

Factors: A) Implant Position, B) Scaling (yes or no), C) Timepoint (1 or 2)

ANALYSIS OF VARIANCE (N FACTORS).

N= 3
n = 54
a= 3
b= 2
c= 2
CELL MEAN VAR.
1 1 1 . 64000 30600000
2 1 1 .69200 23300000
31 1 .46100 .13600000
1 2 1 » 30500 .05200000
2 2 1 .62200 17300000
3 2 1 41700 07800000
1 1 2 « 54400 .18100000
2 1 2 .49000 .07900000
3 1 2 54000 17400000
1 2 2 .23100 02900000
2 2 2 46100 06100000
3 2 2 » 32000 03500000
SOURCE SS DF MS F
A 2,58785099 2 1.29392549 10.102216
B 4.59954450 1l 4.,59954450 35.910562
cC 1.36620449 1 1.36620449 10.666528
AB 2.14236899 2 1.07118449 8.363184
AC 80720100 2 . 40360050 3.151077
BC .05746049 1l .05746049 .648618
ABC 38994299 2 19497149 1.522223
Error 81.46100000 636 .12808333 1.000000



TABLE IV
Schiffé Test for Maxillary Implant Positions

Factors: A) Implant Position, B) Scaling (yes or no), C) Timepoint (1 or 2)

MEANS OF VARIABLE A:
.4300000
.5662500
.4345000

MEANS OF VARIABLE B:

+5611666
+3926666

MEANS OF VARIABLE C:

.5228333
.4310000
MS _-12808333
DF = 636

CONTRASTS FOR MEANS OF CELLS:

Enter F( 11,630): 1.830 Contrast = .3090198
CONTRASTS FOR MEANS OF A:
Enter F( 2,636): 3.000 Contrast = .0843548
CONTRASTS FOR MEANS OF B:
Enter F( 1,636): 3.840 Contrast = .0551003

CONTRASTS FOR MEANS OF C:

Enter F( 1,636): 3.840 Contrast = .0551003



Factors:

ANALYSIS OF VARIANCE (N FACTORS).

N oMl =
o
MNNMNWSW

CELL

LWNFWNHFHWNF WK
NMNNOKEKFBENNDND -

SOURCE

Error

O N N S =

TABLE V

ANOVA for Mandibular Implant Positions

MEAN

1.15000
1.08000
« 77000
+44600
.97600
,62100
.90000
.99200
.69500
.47300
.95800
.58300

SS

13.28822100
10,53405000
.87913800
7.91135099
.11627099
.66355200
+45692099
332,04500000

VAR,

1.39600000
.69700000
.29100000
.15200000
«56000000
.20400000
.93400000
.67300000
.28900000
.22600000
.63900000
20400000

=
NN RMN i

[+)]
w

MS

6.64411050
10,53405000
.87913800
3.95567549
.05813549
+66355200
.22846049
.52208333

A) Implant Position, B) Scaling (yes or no), C) Timepoint (1 or 2)

F

12,726149
20.176951
1.,683903
7.576712
+L11352
1.270969
.437593
1.000000



TABLE VI
Schiffé Test for Mandibular Implant Positions

Factors: A) Implant Position, B) Scaling (yes or no), C) Timepoint (1 or 2)

MEANS OF VARTABLE A:
» 7422500
1.0015000
.6672500

MEANS OF VARIABLE B:

.9311666
.6761666

MEANS OF VARIABLE C:

.8405000

. 7668333
MS = .22208333
DF = 636

CONTRASTS FOR MEANS OF CELLS:

Enter F( 11,636): 1.830 Contrast = .6238927
CONTRASTS FOR MEANS OF A:

Enter F( 2,636): 3.000 Contrast = .1703074
CONTRASTS FOR MEANS OF B:

Enter F( 1,636): 3.840 Contrast = 1112443

CONTRASTS FOR MEANS OF C:

Enter F( 1,636): 3.840 Contrast «1112443
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