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Linear regression equations for the prediction of
the mesiodistal widths of unerupted canines and
premolars were calculated for a large sample of
recent orthodontic patients. The form of the equa-
tions, as well as the size of the various confidence
belts, were generally similar to those in the widely
used but incompletely characterized Michigan
Mixed Dentition Analysis. Although either set of ta-
bles would seem equally appropriate, a simple ap-
proximation—half the width of the mandibular inci-
sors plus either 11.0 for the maxillary canine-pre-
molar segments, or 10.5 for the mandibular seg-
ments—is of comparable accuracy.

The prediction of unerupted permanent canine
and premolar size in the patient with mixed den-
tition is central to early orthodontic diagnosis
and treatment. Early attempts at estimation
were based on tables of average widths, for ex-
ample those of Black,! and they were seldom ap-
propriate for the individual. Subsequently, two
major approaches—radiographic and statistical
—have been used to obtain valid estimates for a
given patient.

Specific methods for estimating the approx-
imate size of unerupted teeth from radiographs
have been suggested by many workers2 and, al-
though considerable accuracy can be obtained,
an exacting, time-consuming technique is gener-
ally required. These disadvantages may largely
be overcome by a variety of regression schemes
in which tooth size is predicted from permanent
teeth that are already present and easily mea-
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sured—the mandibular incisors.!°-¢ Methods
that are based on different combinations of teeth
11.12,15.16 or techniques!?-18 have been described;
however, they are used infrequently.

Although the various reports are similar, only
Moyers’s scheme has achieved widespread clin-
ical acceptance. He tabulated the various per-
centiles of his regression equations and present-
ed these tables as part of a unified Mixed Den-
tition Analysis (MDA) in an uncommonly wide-
ly used textbook. Unfortunately, Moyers’s
equations, not to mention the sample from which
they were calculated, have never been charac-
terized in the literature. It may be inferred from
a recent graphic validation!'® that Moyers’s
equations consistently underestimate the size of
unerupted teeth. Moreover, a secular increase in
the size of some teeth has been evidenced since
Moyers’s equations were calculated.20-2!

The extent to which Moyers’s charts are ap-
propriate to a contemporary orthodontic popula-
tion is examined.

Methods

Dental casts for 506 orthodontic patients in the
Cleveland area were obtained from the orthodon-
tic department of Case Western Reserve Univer-
sity School of Dentistry and from the records of
three orthodontists practicing in the Cleveland
area, Drs. Sanford Neuger, Arthur Phelps, and
Milton Rabine.

To be included in the study, patients had to be
of probable European ancestry and less than 20
years old. Models had to have been taken since
1966 before any orthodontic treatment, and all
teeth to be measured had to be fully erupted and
free of visible fractures, caries, and restorations.



Mesiodistal widths of the permanent mandib-
ular incisors and all canines and premolars
were obtained with pointed vernier calipers, and
they were read to the nearest 0.05 mm according
to methods outlined by Seipel?>? and Moorrees
and others.??

The moderately high degree of linear correla-
tion that exists among various groups of perma-
nent teeth makes it possible to measure the total
width of the permanent mandibular incisors and
to predict the size of teeth that have yet to erupt.
The present data were used to generate formu-
las—‘regression’’ equations—that can be used
clinically to effect predictions in much the same
way one converts Farenheit to Celsius. Specifi-
cally, least-squares regression equations of the
form Y=A+B (X) were calculated with a pro-
grammable electronic calculator.* In these equa-
tions, Y equals the predicted size of an unerupted
buccal segment (canine and premolars); X equals
the measured width of the four mandibular inci-
sors; and A and B are constants. Coefficients of
linear correlation, standard errors of estimate,
and confidence belts for individual predictions
were calculated for each equation in the evalua-
tion of the accuracy of the resulting formulas.

Results

Descriptive statistics for the three groups of
teeth measured here are presented (Table 1).

Table 1 m Descriptive statistics for combined mesiodistal
widths in millimeters.

Standard
Tooth group Range Mean deviation
Mandibular lateral
& central incisors 18.5 to 28.0 23.43 1.35
Maxillary canines, first
premolars, & second
premolars 19.1 to 25.9 22.27 1.09
Mandibular canines, first
premolars, & second
premolars 18.4 to 24.9 21.76 1.12
Table 2 = Prediction equations.
Standard
: S Regression
Canine- Coefficient coegfficie'r?ts error of
premolar of estimate
segment correlation A B in millimeters
Maxillary 0.625 10.41 0.51 0.86
Mandibular 0.648 9.18 0.54 0.85

Few subjects had incisor widths below 20.5 mm
and beyond 27.0 mm in the sample.

Coefficients of correlation for the canine-pre-
molar segments of each dental arch, and the val-
ues of A, B, and the standard errors of esti-
mate for the two regression equations are shown
(Table 2).

Percentiles for the prediction of the size of
maxillary and mandibular buccal segments are
presented in Tables 3 and 4 respectively. Predic-
tions for total incisor widths of less than 20.5 mm
or more than 27.0 mm were not computed be-
cause they would have involved extrapolation.

Table 3 » Probability table for predicting the widths of maxillary canines, first premolars, and
second premolars from mandibular lateral and central incisors in millimeters.

Mandibular lateral and central incisors

205 210 215 220 225 230

95% 222 225 227 230 232 235
85% 217 219 229 224 227 229
75% 214 216 219 221 224 226
65% 211 214 216 219 2211 224
50% 208 210 238 2915  21.8 2241
35% 205 207 = 210 212 215 214
25% 202 205 207 210 212 215
15% 199 209 204 207 209 212
5% 194 186 199 201 204 20.6

23.5
23.7
23.2
22.9
22.6
22.3
22.0
21.7
21.4
20.9

240 245 250 255 @260 266 270
240 242 245 247 250 252 255
234 237 240 242 245 247 250
23.1 234 236 239 241 244 247
229 231 284 236 239 242 244
226 228 231 233 236 238 241
222 205 227 230 @ 232 235 237
220 222 225 227 @230 232 235
217 219 222 224 227 229 232
21.1 214 217 219 222 224 227

Table 4 s Probability table

for predicting the widths of mandibular canines, first premolars,

and second premolars from mandibular lateral and central incisors in millimeters.

Mandibular lateral and central incisors

205 210 215 220 225 P30

95% 216 219 221 294 227 229
85% 211 213 216 219 921 224
75% 208 210 213 216 218 221
65% 205 208 21 213 216 219
50% 202 205 2097 210 213 216
35% 199 201 204 207 209 212
25% 196 199 201 204 207 210
15% 193 196 198 201 204 206
5% 188 190 198 196 199 20.1

23.5
23.2
22.7
22.3
22.1
21.8
215
212
20.9
20.4

240 245 250 285 260 268 270
2385 287 240 243 245 248 2561
230 232 235 238 240 248 246
226 229 @ 232 234 237 240 243
224 227 229 232 235 231 240
221 223 226 228 231 284 237
217 990 223 2285 228 234 233
2l5 218 220 223 @226 228 231
212 215 217 220 223 P25 228
2007 209 212 215 217 220 2238
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Table 5 m Comparison of probability tables for canines, first premolars, and second premolars:

the 75th percentile.

Width of mandibular
incisors (mm)

Width of maxillary
canines, first premolars,
and second premolars (mm)

Width of mandibular
canines, first premolars,
and second premolars (mm)

Moyers CWRU*

Approximation

Moyers CWRU*

Approximation

20.5 21.2 21.4
21.0 21.5 21.6
215 21.8 21.9
22.0 22.0 22.1
22.5 22.3 22.4
23.0 22.6 22.6
23.5 22.9 22.9
24.0 23.1 23.1
245 23.4 23.4
25.0 23.7 23.6
25.5 24.0 23.9
26.0 24.2 24.1
26.5 245 24.4
27.0 24.8 24.7

21.3 20.7 20.8 20.8
21.5 21.0 21.0 21.0
21.8 21.8 21.3 21.3
22.0 21.6 21.6 215
22.3 21.9 21.8 21.8
22.5 22.2 221 22.0
22.8 225 22.3 22.3
23.0 22.8 22.6 22.5
23.3 23.1 229 22.8
23.5 23.4 23.2 23.0
23.8 23.7 23.4 23.3
24.0 24.0 23.7 23.5
24.3 24.3 24.0 23.8
24.5 24.6 24.3 24.0

*Case Western Reserve University

Discussion

The regression coefficients that were calculated
in the present study are remarkably similar to
those of Ballard and Wylie!? (mandible, A=9.41
and B=0.527) and Moyers'* (by inference: max-
illa, A=9.23 and B=0.55; mandible, A=7.82 and
B=0.60). Indeed, all statistics were so similar
that our confidence belts match Moyers’s almost
exactly (Table 5).

Theoretically, prediction equations should be
updated from time to time because levels of «
are valid only for one prediction. However,
there seems to be little indication that such a pro-
cedure is warranted here. Although no signifi-
cant difference is apparent between the present
investigation’s prediction tables and those of
Moyers, the prediction of the unerupted canine-
premolar regions may be simplified at the recom-
mended 75 percentile level'>—half the width of
the mandibular incisors (in millimeters) plus 11.0
mm for the maxillary arch; and half the incisor
width (in millimeters) plus 10.5 mm for the man-
dibular arch. This rule is a good approximation in
that it is never more than a few tenths of a milli-
meter in error, regardless of which set of tables is
used as the standard.

The incisor-buccal segment correlations that
were found here (0.625 and 0.648) are almost
identical to those of Ballard and Wylie'? (man-
dible, r=0.64), Hixon and Oldfather'?” (mandi-
ble, r=0.69), and Bolton!® (mandible, r=0.65).

Coefficients of linear correlation, r xy, cal-
culated between groups of teeth may, perhaps,
be interpreted in terms of the so-called theory
of common elements,?* according to which r is
an estimate of p—the proportion of size-deter-
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mining elements common to both X and Y: p=
number of elements common to X and Y/(total
elements in X)(total elements in Y). In a com-
parison of monozygotic twins, the control of
tooth size has been largely polygenically inherit-
ed, with only about 10% of the variance attribut-
able to nutritional status.?® It is tempting, there-
fore, to equate ‘‘polygenes’’ and ‘‘common el-
ements’’ and to suggest that the consistent cor-
relations found in the various studies may mean
that about 60% to 70% of the polygenes that de-
termine tooth size are shared by the mandibular
incisors and the canines, and premolars.
Although a secular increase in some dental
dimensions has been reported,2°-2! no significant
effect on prediction by such a tendency could be
demonstrated here. Possibly, the differences in
size that are reported for contemporary filial gen-
erations are not so much an indication of secu-
lar trends as a reflection of proximal attrition.26:27

Summary and conclusions

The size of unerupted canines and premolars is
important to the clinician in charge of the patient
with a mixed-dentition. Although various
methods of estimation have been proposed,
Moyers’s regression scheme (utilizing the buc-
cal segments and the mandibular incisors) is
widely used because of its simplicity and ease of
application.

Unfortunately the form of Moyers’s equations
and the size of his confidence intervals have nev-
er been validated on another sample. Moreover,
the possibility of secular changes during the past
20 years cannot be ruled out. Accordingly, a




study was conducted to repeat Moyers’s obser-
vations on a new, large sample that was drawn
from a contemporary orthodontic population.
Specifically, tooth-size data were collected from
study casts of 506 Cleveland-area patients.

The present findings were generally compa-
rable to those of earlier investigators. The man-
dibular incisors showed a correlation of r=0.625
for the maxillary canine-premolar region and r=
0.648 for the mandibular canine-premolar region.

Prediction tables were constructed, and they
were practically identical to those of Moyers.
Accordingly, either set of percentiles—Moyers’s
or those in the present study-—seem to be equally
appropriate to a contemporary population. How-
ever, neither method of estimation is necessary.
The size in millimeters of unerupted canines and
premolars at the 75th percentile can be predicted
by taking half the width of the mandibular inci-
sors and adding 11.0 for the maxillary teeth and
10.5 for the mandibular teeth.
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search Support Grant 5335.
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