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The purpose of this study was to determine whether the size of several
faeial dimensions in human adults may be predicted from the size of the same
dimensions in the parents.

In the past 30 years some six or seven studies have been reported in which
heritability in the human face has been studied across at least two generations,
usually in an effort to deteet the mode of inheritance in the classic Mendelian
fashion. Studies by Curtner,!, Iwagaki,* and Moore and Hughes® have such an
orientation, in which a trait is seen to exist or not to exist in a qualitative fashion.
Other studies by Stein, Kelly, and Wood* and Wylie® have atiempted, on the
other hand, to assess quantitative measurements in the face across generations.
However, these studies utilized growing children. At best, a growing child is a
moving target, as far as heritability studies are eoncerned, since growth occurs
at different times and at different rates for different subjects. Furthermore, it
has been shown that the shape of the faee alters during growth.®* The study
of faeial similarities between parents and their adult offspring (that is, offspring
who have stopped growing) was undertaken with the hope that prediction of
future completed size ot the face would be sufficiently accurate to be useful in
the estimation of remaining facial growth potential at or before puberty.

Method

Standardized lateral cephalograms were collected of families in which both
parents and two or more children 21 years of age or older were available for
study. Thirty-one such families were reeorded. Also included in the sample were
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Fig. 1.

seven families in which one or both children were from 17 to 21 years of age.
Not all of the families had both sons and daughters. There were thirty-one
families in whieh parent-son comparisons could he made and twentyv-seven which
provided parent-daughter comparisons. In families for which two or more like-
sexed siblings were available, only the data for the oldest sibling of that sex
were used for this report, sinee the use of two or more like-sexed offspring,
where they oceur, would involve using the same parent more than once and thus
bias the findings,

The sample was obtained over a 3-vear period in Ann Arbor, Michigan, and
consists, with few exeeptions, of established middle-class families of European
ethuic origin. No adoptive or step relationships are known to exist in the sample.
With two exceptions, all subjects could establish ocelusal contact with at least
some posterior teeth of then own.

The recordings consist of standardized lateral cephalograms tor cach subjeet,
with subjeet-film distance held constant for all subjeets, Five racial dimensions
(Fig. 1) were recorded from the tracings of the lateral cephalograms. These
dimensions had been found to be highly inherited velative to other measurements
tested in a previously reported twin study by Hunter® in which fourteen depth
measurements and twelve height measurements were studied in a sample of
seventy-two like-sexed twins, All tracings and measurements were vepeated to
eliminate gross errors.

Correlation coefficients were computed between measurements within ecach
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eroup of parents (fathers, mothers) and offspring (sons, daughters) to deter-
mine the relationship between the measurements for individuals and also be-
tween parents and offspring to determine the effect of parents’ measurements
on those of the offspring. While individual correlation coefficients are of interest
in themselves, complex relationships between groups should not be inferred
from a study of the eorrelation coefficients alone because of the relationships
which exist between measurements within individuals. In order to evalnate such
interrelationships, multiple regression analysis was performed, with the parents’
measurements used to prediet each measurement of the sons and daughters.

Findings

Correlation coefficients between fathers’ and mothers’ measurements were
computed for the five variables over the thirty-eight sets of parents. None of the
correlations were signifieantly different from zero. Hence, assortative mating as
a eansative factor was excluded from further consideration in the interpretation
of the data.

Correlation coefficients between the five variables in the parents and off-
spring were examined. It was observed that the most significant correlations
oceur between the corresponding measures in fathers and offspring. This re-
lationship was not as clear between mothers and offspring, for whom the only
relationships which were statistically significant were those for face height
{Na-Me) for mothers and daughters and mothers and sons,

A summary of the simple eorrelation coefficients between corresponding
measurements in parents and offspring is presented in Table I, in which it may
be seen that the strength of the statistical relationship between fathers and
sons and fathers and daughters is similar. A comparison of correlations with
mothers to correlations with fathers indicates a consistently higher correlation
for the relationship between corresponding measurements of fathers and off-
spring than between corresponding measurements of mothers and offspring. A
number of correlations are signifieantly greater than zero, but in only one
case is the difference between two corresponding correlations statistically sig-
nificant. The correlation between fathers’ and sons’ Ar-Gn measurement is
greater than the corresponding correlation between mothers and sons at the 5
per cent level of significance.

Table 1. Correlation coefficients between corresponding measurements in offspring
and parents

Variables I Father-son I Father-daughter [ Mother-son [M other-daughter
Ar-Go 0.573%** 0.492%** 0.166 0.039
Go - Me 0.400% 0.518%%* 0.398* 0.282
Na - Me 0.312 0.448% 0.370* 0.382%
8- Na 0.481%* 0.459* 0.217 0.052
Ar-Gn 0.639%** 0.619%** 0.192 0.231
N 31 27 31 27

Statistical significance: *5 per cent, **1 per eent, ***0.1 per cent.
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The multiple regression analysis confirmed the pattern already observed with
the simple correlation coefficients and provided some additional results. The
most significant variable for predicting a measurement in the offspring is the
corresponding measurement in one of the parents. For the present data, the
fathers’ corresponding measurement provides the greatest amount of information
in all measurements except the sons’ Na-Me dimension, for which the mothers’
Na-Me measurement is a better predictor. Generally, the fathers’ measurements
of other variables have greater predictive value than the mothers’, but again the
regression equation for Na-Me is an exception. Finally, regression equations
based on the significant variables for both parents give better results than
those based on a single parent.*

Discussion

The most noticeable feature in the data of this study is the mueh stronger
relationship between fathers and offspring than between mothers and offspring.
The highest correlation between parents and offspring which is compatible with
a theory of polygenic inheritance is 0.50.*° The father-offspring correlations fit
such a theory rather well and support the eoncept that facial dimensions have
a significant heritable component. The mother-offspring correlations do not.
Although the differences between father-offspring and mother-offspring correla-
tions, considered singly, are not generally significant, in the aggregate they are,
which suggests that cither the sample is quite biased or that the mother-offspring
pattern of inheritance is not entirely polygenie. In the absence of additional
data, consideration of both sample bias and nonpolygenie inheritance must await
further study.

The only exception to the pattern discussed here is the relationship between
mothers and offspring for the face height dimension, which is mueh the same
as that for fathers and offspring. On the other hand, the relationships for the
three mandibular measurements very much favor the father-offspring moiety.
In the previously mentioned study of twins,” the mandibular measurements on
the whole showed u lower and less significant level of heritability for male than
for female twins. Thus, it might be expected that mother-offspring relationships
for the same measurements would he stronger than father-offspring relationships.
The reverse was found in the present study, and again the possibility of sample
hins makes further interpretation hazardous.

Sinee the subjeets in this study are postpubertal, the impact of maturation on
heritability cannet be observed dircetly. However, 11 might he noted that,
where comparable, the corvelations veported heve are generally higher and
more often significant statisticallv than those reported in a series of reeent
studies which analyzed dentofacial relationships hetween parents and growing
offspring.tt-"

A measare of the practical significance of the regression equations is the per
cent reduetion in errors achieved by using regression equations instead of sample
means for predicting attained growth, presented in Table TI. For example, the

*Complete results of the regression analysis are available on request from the authors.
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Yable II. Reduction in errvors of prediction by the use of regression equations

Eesults of most efficient regression equation

Standard deviation in Standard error
Dependent variable sample of offspring of cstimate Per cent reduction

Sons on both parents

Ar-Go 7.49 5.78 22.8
Go-Me 5.60 4.88 12.9
Na-Me 7.64 6.55 14.3
Se-Na 3.91 3.11 20.5
Ar-Gn 6.93 5.42 21.8
Daughters on both parents
Ar-Go 3.97 2.54 36.0
Go-Me 2.54 2.03 20.1
Na-Me 6.53 4.97 23.9
Se-Na 3.55 3.00 15.5
Ar-Gn 3.82 2.80 26.7

use of the most efficient regression equation, based on variables from both
parents, reduces the confidence interval (which is proportional to the standard
deviation) 27 per cent for the measurement of the daughters’ mandibular
length (Ar-Gn). A somewhat less efficient equation, based only on the fathers’
measurements, shows a 23 per cent reduetion, while the equation based solely
on the mothers’ measurements shows only a 9 per cent reduction in the standard
error of estimate. The range of reduction of the standard deviation when both
parents’ variables are used (midparent value) is from 12.9 per cent to 36 per
cent,

These reductions in variability may be compared with those reported by
Johnston.?® In a definitive evaluation of predietion procedures using eephalo-
metric data, he found regression equations which achieved reductions in the
standard error of estimate ranging from 30 per cent to 54 per cent when using
an individual’s facial dimensions at one age to predict the size of a future
facial dimension. Tn another study by Balbach,’® using mandibular measure-
ments of boys at 7 years to prediet S-Gn at 11 vears, a 62 per cent reduction
in ervors of estimate was found. These are clinically useful reductions in varia-
bility. The reduction accomplished by using pavents’ data alone, at least as ex-
plored in this study, is not. Thus, it appears that the information provided by
the individual about his future facial dimensions is more useful than infor-
mation from his parents. It should be noted, however, that Johnston’s data did not
go beyond age 13 and Balbach’s beyond age 11. Thus, thev dealt with essential-
ly prepubertal growth and avoided the highly variable (with repeet to onset,
duration, and intensity) pubertal period of facial growth. The data of this
study permit the evaluation of quite different parameters—the cross-gener-
ation relationship of attained growth., Hence, the reduetion in variability ae-
complished by using parents’ data should be partially independent of that ae-
complished by using the subjeet himself. Furthermore, this study deals with
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averages, and quite different results might be anticipated when extremes of
facial size are followed aeross generations.

Summary and conclusions

A cephalometric study of thirty-eight families was undertaken to determine
the heritability of facial dimensions. Adult offspring were compared with both
parents, thus minimizing variations due to timing and rate of growth. Simple
correlation coefficients were caleulated, and a multiple regression analysis was
performed to determine the statistical relationship between parents and their
offspring.

The high values of r found in this study support the conclusion that faeial
dimensions are largely inherited.

The statistical relationships were strongest hetween fathers and offspring
and were consistently highest between the same measurements in parents and
offspring. The relationships between fathers and offspring were particularly
strong for the mandibular dimensions.

The statistical relationships between mothers and offspring were lower than
those between fathers and offspring. The only consistently significant relation-
ship for the former was that for facial height between mothers and their off-
spring. The relationships between mothers and offspring were quite weak for
the mandibular dimensions.

The regression equations using parental facial dimensions were of questionable
clinieal value when used to prediet the adult dimensions in offspring. Although
the standard errors of estimate were reduced significantly, they still were large
from a elinical standpoint.

Finally, the departure of the mothev-offspring relationship in this sample
from values anticipated under a theory of polyvgenie inheritance merits further
exploration, as does a consideration of the extremes of faeial size across gener-
ations.

The authors are indebted fo the families of Aun Arbor and Jackson, Mich., who eontrib-
uted their time to provide data for this study and to Richard T.. Miller and Barbara J.
Reid for technical assistance in preparation of the data, We alzo wish to thank Drs. R. E.

Moyers, W. J. Schull, and 8. M. Garn for critical vomments and encouragement at various
stages of the study,
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Just as we today look back over the period of o generation and pay homage to these
teachers, so let us work, plan, and so direct our energies that the young men of today,
who within another generation will look back and make a survey of that period through
which we are now passing, will find our work well done, and our investigations properly
and nobly made. Further, let us see to it that they shall be unable to point a reproachful
finger at any of us, and let us hope that they may take time to pay such respect and
offer such commendation ds our efforts in their behalf may merit. (Fisher, William C..
President's address, Transactions of the first [1926] International Orthodontic Congress,
St. Louis, 1927, The C. V. Mosby Company, p. 5.}



