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Research on the genetics of dental
occlusion has had little impact on the
daily practice of clinical orthodontics.
Although it is recognized that genes
contribute to variation in occlusion,
treatment objectives and therapeutic
methods do not reflect the genetic dif-
ferences among individual patients.
This is in spite of over 100 years of in-
terest in the relationship between genes
and occlusal variation that has contin-
ued unabated to the present time.

There are two major reasons for this
lack of progress. First are the inherent
limitations of genetic research on hu-
man populations. The second and more
important factor has been the concept
of malocclusion and some of the basic
assumptions and methods used in its
study by orthodontic researchers.

The purpose of this paper is to criti-
cally review the status of research on the
genetics of dental occlusion, to make
suggestions for the direction of future
research that incorporate objectives of
clinical significance, and to discuss some
of the methodological problems that
will be encountered in such efforts.

REVIEW OF THE LITERATURE

This review will not attempt to pro-
vide a comprehensive historical per-
spective or to consider all recent studies
related to the genetics of occlusion. As
a critical evaluation, only selected pub-
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lications will be discussed. Readers in-
terested in more bibliographic reports
are referred to Weinberger,”® Brash,
McKeag and Scott,’ Krogman,*!*2
Jago?® and Isaacson et al.®®

‘Most genetic studies of dental occlu-
sion have been concerned with one or
more of five specific objectives: (1)
modes of inheritance, (2) admixture
and inbreeding effects, (3) linkage
analysis, (4) heritability, and (5) pop-
ulation differences. Prior to a discussion
of each of these, it is important to note
that they can be further organized into
two groups: the first four, which re-
quire family pedigree data for study,
and the fifth, which is based on random
samples of total populations. Most or-
thodontic research has been concerned
with family analysis and has given less
consideration to the population genetics
of occlusal variation. However, as will
be pointed out, investigations utilizing
both types of data are necessary for a
thorough understanding of the genetic
contribution to variation in occlusion.
Each of these five issues will be dis-
cussed.
Mode of inheritance

Most recent studies have concluded
that occlusal variation is polygenic, i.e.,
controlled by both many genes and var-
ious environmental influences.323347.60
This statement refers to the normal
range of variation, because it is well-
recognized that extreme deviations are
generally due to chromosomal or single
gene defects.®® Some workers have
noted that strong familial similarities
within normal boundaries could also be
due to single major genes.?%% This may
be an explanation for the famous
“Hapsburg jaw” and has been sug-
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gested as the basis for Class III mal-
occlusion in some eastern Aleut fami-
lies.??

The observations on human subjects
have beeh supported by the results of
animal experimentation. Studies on
cattle by agricultural workers also sug-
gest a general polygenic mode for oc-
clusal variation™ but demonstrate the
potential for extreme effects from sin-
gle pathological genes.?” The possibility
of single gene effects within the normal
range of variation was demonstrated in
a significant investigation by Gruneberg
and Lea.? They found an autosomal
recessive gene to cause a relatively
shortened mandible and resultant retro-
gnathia in long-haired dachshunds
which otherwise remained fully viable
and healthy.

Since alternative mechanisms may
operate in different families, it is prob-
ably incorrect to assign a specific mode
of inheritance to any type of occlusal
variation. While polygenic inheritance
has been emphasized in the orthodontic
literature in recent years, single genes
cannot be ruled out in the etiology of
some of the strong similarities between
sibs or parents and children that are
often encot

practice.

Admixture and inbreeding effects

Many investigators have contended
that racial admixture increases the oc-
currence of malocclusion.®28474%4% In
fact, the only detailed study of this
possibility, conducted by Chung et al.*®
on several thousand racially mixed chil-
dren in Hawaii, concluded that human
racial crossings presented no risks to
dental occlusion.

Much of the opinion regarding an
adverse effect of racial admixture orig-
inates in the work of Stockard and
Johnston.”™ After examining hybrids of
numerous matings between pedigreed
dogs, they concluded that the length of
the upper and lower jaws were inher-
ited independently, and that this was
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responsible for the “widespread dishar-
mony in facial types commonly seen in
race and breed hybrids.” However, ob-
servations on highly inbred strains se-
lected for specific craniofacial patterns,
probably resulting in the fixation of dif-
ferent major genes in each breed, are of
questionable relevance to the human
situation.

The only observation concerning the
effects of inbreeding on occlusal varia-
tion has been reported by Schull and
Neel.%? As part of an extensive study of
inbreeding effects in Japanese children,
they found some suggestion of an in-
creased occurrence of malocclusion in
the offspring of consanguineous mar-
riages.

The studies of Chung et al.*® and
Schull and Neel®® together suggest that
inbreeding and outcrossing have either
negligible or barely detectable effects on
human occlusal variation. Since these
two investigations are among the larg-
est and most sophisticated population
surveys to consider variables of dental
occlusion, further research in this area
is unlikely to prove fruitful. The pos-
sibility cannot be excluded that, in
other populations, genes may be pres-
ent that would have more significant
effects when homozygous or following
recombination.

Linkage analysis

Attempts to map autosomes for ma-
jor genes affecting craniofacial variation
have been limited to some preliminary
observations on pathological condi-
tions.**:%® This is to be expected, since
the methodology involved in the detec-
tion of major genes underlying continu-
ous variation and the linkage of these
genes to mapped discrete marker traits
represents the forefront of quantitative
genetics in the 1970158464

As applied to dental occlusion, link-
age has only been considered in terms
of the sex chromosomes. Gorlin, Red-
man and Shapiro*> proposed that genes
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on the X chromosome cause a length-
ening of the mandible relative to the
maxilla, and Horowitz and Morishima?®
have confirmed a very high percentage
of Class II relationships in XO (Tur-
ner’s syndrome) subjects. However,
Litton et al.*and Bookman et al’?
found no evidence of sex linkage in
their studies of Class III malocclusion,
so that at this time the question re-
mains unresolved.

Heritability

Studies attempting to partition ge-
netic and environmental components of
variation within the craniofacial com-
plex have been more concerned with the
facial skeleton®!3¢:3857.58.77 and palatal
dimensions®®"" than with occlusal
characteristics.

In 1948 Lundstrom*® analyzed tooth
size and dental occlusion in over 200
sets of twins. In an important depar-
ture from the methodology and objec-
tives of his predecessors, all character-
istics were considered as quantitative
continuous variables, so that, for ex-
ample, the sagittal molar relationship
was measured rather than divided into
Angle’s categories. Lundstrom®®®' has
subsequently suggested that all varia-
bles examined had a larger genetic than
environmental component of variation.

In a recent report Chung and Nis-
wander' have determined the correla-
tions for several characteristics of oc-
clusion in over 1600 pairs of sibs in
Hawaii. In comparing their findings
with those of Lundstrom it is particu-
larly interesting that in spite of very
different sample populations (Hawaii
and Sweden) and methods of analysis
(sibs and twins), both studies found
the same sequence among variables for
the relative degree of genetic influence.
Of the four characteristics considered
by both investigations the degree of ge-
netic determination was greatest for
the width of the upper central incisors,
and decreased in order for overjet,
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overbite, and the sagittal molar rela-
tionship.

It should be noted that neither a
twin analysis nor full sib correlations
actually indicate heritability in its most
useful form. Determination of the addi-
tive genetic variance, or “heritability
in the narrow sense,” has not been de-
termined for any traits of dental occlu-
sion, although Feldman and Lewontin®®
consider it to be the only type of herit-
ability estimate of use in problems of
human genetics.

Population differences

Few workers have attempted to de-
termine the variation in dental occlu-
sion within several populations so that
objective evaluations of population dif-
ferences could be made. For the most
part conclusions can only be drawn by
comparing the findings of different re-
searchers on single populations. In a
recent comprehensive review of the
subject Jago'® emphasized that the only
variable common to a sufficient number
of studies as to allow such comparisons
on a wide basis was Angle’s classifica-
tion of malocclusion. However, this
must be undertaken with caution, since
Angle’s categories are imprecisely de-
fined and subject to considerable inter-
pretation by independent investigators.

Nevertheless, it is clear from these
studies that variation among popula-
tions does exist. The most interesting
genetic difference suggested by the epi-
demiological data concerns the relative-
ly high frequency of Class II and low
frequency of Class IIT occlusion in
North American Caucasian and Euro-
pean populations™?*%* and the reverse
situation (high frequency of Class 111,
low frequency of Class II) in some
groups of Asian origin, including Poly-
nesians,’* Alaskan Eskimos,® Aleuts,
American Indians,*® and Pacific island-
ers in general.'® In addition, although
environmental effects cannot be ex-
cluded, Grewe et al.?® reported that the
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tendency toward Class II relationships
in North American Indians increased
in relation to the proportion of Cauca-
sian ancestry; Baume® has observed a
similar effect in Polynesian-Caucasian
hybrids.

These observations strongly suggest
the presence of quantifiable genetic
variation in the sagittal molar relation-
ship among human populations. Spe-
cifically, they indicate the possible ex-
istence of genes skewing the distribu-
tion of molar relationships toward dis-
toclusion in populations of recent Euro-
pean derivation and toward mesioclu-
sion in selected groups with prehistoric
origins in Asia.

Populations can be considered to be
groups separated by time as well as by
geography. Regarding the question of
differences among populations in this
dimension, there has been some discus-
sion in the orthodontic literature of the
effects of evolution and “civilization”
on occlusal variation.**

Long-term evolutionary changes in
the dentofacial complex apparently
have involved a reduction in jaw size in
association with the needs of cephaliza-
tion and upright posture. Because we
do not have apprepriate samples for a
valid statistical analysis, the suggestion
that there has been an increase in the
occurrence of occlusal disharmonies ac-
companying these changes over the last
50 thousand years or so must remain
essentially conjecture. If an increase in
occlusal variation has taken place, it
could have a genetic basis related to
differential selection pressures on the
size of the jaws and teeth® or to some
degree of relaxed natural selection on
the facial complex.®®

A different problem is the observa-
tion that an increase in the frequency
of occlusal disharmonies seems to occur
within one generation after nontech-
nological societies are introduced to
Western culture.®2% This change has
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significant clinical and manpower im-
plications, particularly as these under-
developed areas increase their demand
and need for dental services. However,
as discussed by Niswander,5%% these
changes seem to occur entirely too fast
to be associated with genetic selection,
and explanations for this observation
are more likely to be found in the en-
vironment.

ProOBLEMS AND SOME SOLUTIONS

As noted earlier, genetic questions
concerning dental occlusion may be ap-
proached at two basic levels. First is
the study of populations. Changes in
gene frequencies through time within a
single population, the maintenance of
polymorphisms, and the genetic differ-
ences between populations form the
core of inquiry for population genetics.

The second level of study is that of
individuals within families. This re-
search 1s concerned with evaluating
modes of inheritance, determining link-
age, calculating heritability, and de-
tecting major genes. It is also at this
level that genetic questions most re-
lated to clinical treatment arise.

The purpose of the following discus-
sion is to offer some suggestions regard-
ing the direction for future research on
dental occlusion in both of these areas.
The distinctions between the two are at
times arbitrary, and are maintained
here primarily for purposes of organi-
zation. Certain methodological prob-
lems to be discussed apply to both areas
and will therefore be evaluated as they
arise.

The concept of malocclusion
Apparent from the preceding review
of the literature is the observation that
genetic research on dental occlusion has
primarily been concerned with the eti-
ology and distribution of “malocclu-
sion.” In addition, most studies have
considered malocclusion to be largely
synonomous with Angle’s classification.
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There are problems with both as-
pects of this approach. First, the gen-
eral concept of malocclusion is incon-
sistent with modern knowledge of the
meaning and basis for variation within
populations. The significance of varia-
tion among individuals and the present
status of genetic theory regarding varia-
tion have been well-summarized by
Lewontin: *°

. . . the essential nature of the Darwin-
ian revolution . . . necessarily takes the
variation between individuals as of the
essence . . . this emphasis on individual
variation as the central reality of the
living world is the mark of modern evo-
lutionary thought and distinguishes it
from the typological doctrine of previous
time.

Implicit in the study of malocclusion,
however, is precisely such a typological
concept. ‘“Malocclusion” clearly sug-
gests that all variants from a specified
normal are abnormal. This approach
directs attention away from the analy-
sis of variation among individuals and,
in so doing, has delayed insight into
the genetics of dental occlusion.

The second aspect of the problem
concerns investigations which select as
specific objectives for study Angle’s
Class I1 or Class 111 malocclusion. Dif-
ficulties arise here when a continuous
variable is divided into a small number
of ordinal categories which are then
treated as a series of independent vari-
ables.

Class I, IT and III malocclusions are
clinically useful but arbitrary divisions
of a continuous variable, the sagittal
relationship of first permanent molars.
For example, although individuals can
be grouped as tall, medium or short,
and standardized definitions may be
adopted, this does not mean that “tall-
ness” should be studied genetically,
the appropriate variable is “height.”
Harris®® has attempted to justify the
study of each of Angle’s categories as a
separate variable by equating such arti-
ficially discontinuous variables with
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truly discontinuous characteristics. Sev-
eral other aspects of dental occlusion
also vary in a quantitative continuous
manner and should be studied as a sin-
gle unit. Incisor crowding and incisor
spacing are continuous, as are posterior
buccal crossbite and posterior lingual
crossbite.

It may appear that this suggested ap-
proach to the measurement of occlusal
variation is an oversimplification of a
complex problem. Class II and Class
IIT malocclusions are not based simply
upon the relationship of first molars,
but upon a complex interaction of
craniofacial structures. Occlusion may
in fact vary depending upon pleio-
trophic effects of one or more genes on
several components of the craniofacial
skeleton and/or soft tissues. However,
such relationships would have little
bearing on the argument that we need
to study occlusal variation rather than
malocclusion. Once the interactions are
understood in a quantitative manner,
multivariate techniques may be appli-
cable for studying several characteris-
tics simultaneously. Nevertheless, occlu-
sion is still related to variation in a
series of continuous characteristics and
should not be interpreted on the basis
of the truncated sampling which occurs
when only one tail of the distribution
is selected for analysis.

It is also evident that distinct “types”
exist within occlusal categories. For ex-
ample, subjects with Class I molar re-
lationships but with bimaxillary prog-
nathism will have identical measure-
ments of the sagittal molar relationship
as individuals with ideal occlusion.
This indicates that many variables, in
this case the relationship of the maxilla
and mandible to the cranial base, need
to be examined to determine the extent
and nature of variation among individ-
uals in dental occlusion.

Population variation
If epidemiological reports of maloc-
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clusion frequencies (except for public
health purposes) and genetic studies of
Class IT and Class IIT malocclusion are
inappropriate objectives for study, what
then are appropriate objectives?

First is the relatively simple goal of
quantifying and evaluating phenotypic
variance. What is needed for this pur-
pose are random samples of diverse hu-
man populations. Defining a “popula-
tion” for a quantitative genetic study
can be a problem, the basic concept
being that of a group of interbreeding
or potentially interbreeding individuals
who share a common gene pool. In
research on dental occlusion, patients
from an orthodontic practice and their
families, or all children in a school ex-
cept those who have had orthodontic
treatment are biased and inappropriate
samples.

The fundamental question to be
evaluated with a valid sample is how
much variation actually exists in the
population for the characteristics of
dental occlusion. This requires a basic
descriptive study of overjet, overbite,
molar relationship, crossbites, crowding
and spacing, malalignment and other
occlusal variables, defined in an objec-
tive and replicable manner, such that
means and variances can be calculated.
The role of epidemiological factors
such as age, sex, geography, and diet
can then be examined to establish their
relationship to the observed variation.

After the variation within the popu-
lation is described and understood, the
variation between populations can be
compared and the causes for observed
differences evaluated. It is at this level
that studies of biological distance and
discrimination are of particular inter-
est. To the extent that distance ma-
trices based upon different sets of vari-
ables are structurally similar to each
other and to linguistic, geographic and
migrational matrices, insicht can be
gained into the relative roles of factors
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which affect population gene frequen-
cies, particularly genetic drift, gene

21,22

flow, and natural selection.!’:?1.22
Methodological problems

Having suggested that quantitative
research 1s needed on variation in den-
tal occlusion within and among ran-
dom samples of human populations, it
must be acknowledged that such an in-
vestigation will be methodologically dif-
ficult. One major problem concerns the
treatment of subjects with missing
teeth. Two questions are related to this
problem: first, deciding whether or not
to include a given individual, and sec-
ond, the effects of this decision on the
analysis.

After a tooth is lost, drift of adjacent
teeth can occur and functional patterns
may be altered. As an added environ-
mental effect, this will tend to decrease
the correlation between relatives and
increase the absolute magnitude of pop-
ulation variation. If longitudinal data
are not available to evaluate these
changes, measurements can either be
recorded directly from the casts, with
knowledge that an added environmen-
tal component has been included, or a
correction can be applied following
what must be a somewhat vague judg-
ment as to the effect of the tooth loss.
However, when there are only a few
remaining teeth, a subject would rarely
be included in the analysis. The prob-
lem therefore becomes one of selecting a
cut-off point, and no generally appli-
cable solution can be offered. The ulti-
mate decision will depend upon the
frequency of tooth loss in the sample
and the judgment of the investigator.

This decision may have important
implications. It is likely that certain oc-
clusal variables are related to early
tooth loss. For example, the loss of
maxillary incisors due to trauma could
be caused by a large overjet. Eliminat-
ing these subjects will therefore result
in a biased sample selection with a
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tendency toward exclusion of extreme
values for some variables. This will not
only eliminate from study some of the
potentially most interesting subjects in
terms of a genetic analysis (ie., those
deviating most from the mean), but
will also result in lowered estimates of
the magnitude of population variation.

A second major problem in popula-
tion studies concerns subjects in the
mixed dentition period. While changes
in occlusal variables occur throughout
life, once the permanent dentition is
reached, age adjustments may be made
through the use of regression equations.
However, in the mixed dentition pe-
riod arch dimensions change with the
eruption of each permanent tooth.*
Although the young school-aged sub-
ject is frequently the most accessible for
research, sample sizes will rarely be
large enough to group subjects accord-
ing to identical patterns of erupted
teeth. Some type of compromise will
usually have to be accepted. This will
affect the calculation of parent-child
or sib-sib correlations and the compari-
son of populations with different age
pyramids.

A third and final methodological is-
sue to be discussed concerns the maxil-
lomandibular relationship. There are
several potential positions that the
mandible may assume while making
contact with the maxilla,*® and a selec-
tion from among these will affect the
measurement of all interarch character-
istics. However, the choices can be
realistically reduced to two possible al-
ternatives, centric occlusion (conveni-
ence occlusion, habitual occlusion) and
centric relation (retruded contact posi-
tion).

While centric relation is more stable,
it is of questionable biological signifi-
cance. Centric occlusion, although sus-
ceptible to change following the loss,
movement, or attrition of teeth, is prob-
ably the best single position for evalu-
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ating biting forces and occlusal func-
tion in general. In a word, based upon
functional considerations, it is the phe-
notype. In addition, the difficulties as-
sociated with obtaining centric relation
in field work and recording it on dental
casts has resulted in the general use of
centric occlusion by those involved in
the development of indices of maloc-
clusion™™ and in recent large epidemio-
logic and genetic studies.*'?

In most large collections of dental
casts an accurate recording is not avail-
able for centric relation or for centric
occlusion. A study of dental occlusion
in these Important collections is only
possible by articulating casts in maxi-
mum intercuspation. Although this may
deviate from an accurate centric occlu-
sion recording for a small number of
subjects, it is likely that on a popula-
tion basis 1t will not result in significant
problems.

Family analysis

While the methods of population ge-
netics and the epidemiology of occlusal
variation discussed in the preceding sec-
tions can provide information regard-
ing the basis for differences among
populations in dental occlusion, ortho-
dontic studies have traditionally been
more concerned with problems that re-
quire family data for analysis. The is-
sues that have been raised regarding
the measurement of continuous varia-
bles rather than malocclusion catego-
ries do not change for this type of in-
vestigation, and the methodological
problems of missing teeth, the mixed
dentition, and intermaxillary relation-
ships also apply to the following dis-
cussion.

Modes of inheritance. The prevailing
conventional wisdom is that Class II
and Class III malocclusions have a
polygenic mode of inheritance, i.e., they
are influenced by the action of many
genes and environmental effects.?2.33:47.60
This conclusion is based on several ob-
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servations: (a) no simple pattern of
segregating genes can be established in
studies of family pedigrees, (b) cranio-
facial variation is continuous, and (c)
the correlation among relatives for
craniofacial variables within occlusal
categories conforms to the expectations
of polygenic inheritance. However, if
the variation is continuous, why have
subjects been grouped as only present
or absent for the characteristic of inter-
est and, in addition, if evaluating the
similarity among relatives, why not di-
rectly measure the occlusal relationship
and determine its correlations? Consid-
ering the variable of interest to be the
sagittal molar relationship rather than
the presence or absence of Class IT and
Class III categories makes these sugges-
tions self-evident.

In any case, while we agree that oc-
clusal variables are most likely poly-
genic, such a conclusion is unwarranted
by the data that have been presented so
far.?#3347 There are two reasons for the
frequent misinterpretation of the avail-
able data: (a) insufficient considera-
tion of the possible role of environmen-
tal effects, and (b) the question of the
meaning of polygenic inheritance when
it has, in fact, been demonstrated to
exist.

Perhaps the most questionable sim-
plifying assumption in the many ge-
netic models used to evaluate modes of
inheritance is the hypothesized lack of
environmental covariation among rela-
tives. Not to be confused with Lamark-
ian genetics, aspects of environmental
covariation are in fact being developed
into a concept of cultural inheritance
by Cavalli-Sforza and Feldman."* The
problem is that related individuals
clearly have more similar environments
than the population as a whole. For
characteristics that are phenotypically
plastic, 1i.e., affected by various environ-
mental influences, relatives can be simi-
lar because of common environments
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rather than common genes. It is also
well-established that a trait can be con-
tinuously distributed with only a single
segregating gene if there are environ-
mental effects.”® Such single gene traits
would correlate among relatives accord-
ing to the degree of common environ-
ment, which is generally similar to the
percentage of common genes, and
would show no clear segregational pat-
terns in pedigree studies. Because of the
very real possibility of environmental
effects, there is no justification in con-
cluding from the available literature
that occlusal variables are polygenic.
We agree that a polygenic mode is
most reasonable, and the weight of evi-
dence presented to date is supportive of
it. However, the data are not incon-
sistent with environmentally-sensitive
single gene inheritance, and a valid
distinction between the two models has
not been presented for any craniofacial
variables.

Major genes. If occlusal variables
were demonstrated to be polygenic,
what would this finding most likely
mean? The assumptions of biometrical
genetics require a sufficiently large
number of genes to have a continuous
distribution of effects. While numbers
are rarely discussed, the “ball-park” es-
timates of many investigators would
probably range from 25 to 200, since
typical figures are 35 loci for the weight
of mice at six weeks of age, and 99 for
the number of abdominal bristles in
Drosophila.’”

With this many loci affecting a vari-
able, what would be the next worth-
while research effort? Individual gene
effects cannot be detected, so all that
remains is establishing the heritability
of the characteristic. (How much of the
variation can be attributed to genetic
causes?) However, while this knowledge
can be of interest for several problems
of evolutionary biology, it is of little
consequence to any clinical decisions.’®
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The degree of heritability has little if
any bearing on how successful clinical
procedures will be. Contrary to com-
mon opinion, the extent to which genes
determine a trait has no relationship
whatsoever with the success of environ-
mental intervention.'®#%5% In addition,
it will have no bearing on the type of
treatment, nor will it be of much use
in genetic counseling. For the specific
orthodontic problem of predicting
growth changes, the value of variables
can be determined without any refer-
ence to their heritability.

Beyond these issues, Lewontin*® and
Feldman and Lewontin' have raised
important questions about the validity
of linear models for the partitioning of
variance components. While debate on
this problem continues,* it is important
to point out that the manner in which
genotype-environment interactions
change in their effect on the phenotype
over the range of environments and
genotypes (their “norm of reaction”)
may mean that the whole effort has
been “the endless search for better
methods of estimating useless quanti-
ties.”

If, therefore, occlusal variation was
demonstrated to be polygenic, and this
meant large numbers of segregating
genes, there would be little of value
that genetics could contribute to clini-
cal orthodontics, except in the area of
severe chromosomal anomalies.

Fortunately, this is probably not the
case. Whenever the number of genes
affecting polygenic traits has actually
been determined, a remarkably small
number have been found.”® The bio-
metric estimate of 99 loci for abdomi-
nal bristle number in Drosophila is in
actuality five loci accounting for 85%
of the difference between high and low
lines.” Human skin color seems to be
controlled by only 3 or 4 loci.S"** As
discussed by Thompson,™ this lower
number of genes is much more com-
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patible with estimates of the total num-
ber in the genome. Furthermore, these
genes are not all of equal significance.
This raises the possibility, which Tho-
day™ emphasized as the next major
goal for human genetics, of locating
and studying genes within the normal
range of continuous variation.

Until recently major genes (single
genes whose effects could be observed
phenotypically) were considered to be
of two types, pathological and poly-
morphic.”® The pathological referred
to extreme deviants (e.g., achondro-
plasia) and the polymorphic to distinct
normal categories (e.g., the ABO blood
cell antigens). Recently a new type of
major gene has been recognized, but
can only be “seen” by the computer in
a statistical analysis. These are genes
with large effects within the normal
range of variation, and efforts by a
number of investigators now make it
possible to detect the presence of such
genes by segregation and linkage analy-
Sig. 15.34.64

As Lewontin*® has suggested, it is
possible that clinical treatment will
vary depending upon alternative causes
for a disorder. (This is a different prob-
lem than the relative contributions of
an interacting genotype and environ-
ment, le., heritability.) Pathological
major genes may act as a locus inde-
pendent of the segregating genes nor-
mally affecting the variation of a char-
acter. In this sense a single gene “over-
rides the system” and produces an ef-
fect regardless (or greatly modifying)
of what has been inherited by the poly-
genic system. The study of extreme
variants, particularly if related to single
genes, is the one circumstance noted
earlier in which a typological study of
Class II or Class IIT occlusion would
be appropriate. However, the response
need not be so dramatic as to produce
only extreme manifestations.®® It is pos-
sible that many strong familial similari-
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ties are due to single major genes run-
ning in a family but not widely distrib-
uted in the population. Therefore, the
possibility of establishing different
causes exists within the range of nor-
mal variation as well as for the occur-
rence of extreme phenotypes.

In summary, it is suggested that
there is the possibility of detecting two
types of major genes underlying con-
tinuous variation. First are alleles with
large effects at loci which normally seg-
regate for a characteristic, and second
would be a gene at a single pathologi-
cal (or “familial”) locus but producing
an effect within the normal range of
variation. Although application will not
be in the immediate future, detection
of these genes holds the promise of sub-
stantial contributions to clinical prac-
tice. Once major genes are located,
their biochemical products can be
studied. These data may ultimately be
of use in accurate predictions of long-
term growth changes and direct bio-
chemical methods for clinical interven-
tion.

It may seem that such objectives are
highly speculative; particularly if it
should be found that anatomical varia-
tion is based more upon
gene control at the transcriptional level
than upon differences in structural pro-
teins, success in controlling and predict-
ing occlusal variation will be in the
more distant future. At the very least,
however, a rationale has heen devel-
oped with a long-range goal of con-
tributing to the direct solution of clini-
cal problems. No more, and perhaps
less, has been achieved over the past
50 years.
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SuMmMarYy AND CONGLUSIONS

Research on the genetics of dental
occlusion has traditionally been based
upon the concept of “malocclusion.”
Although of recognized clinical value,
the biological validity of the various
categories of malocclusion is question-
able. Genetic research should instead
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center upon concepts related to contin-
uous variables and population varia-
tion,

The magnitude of variation for the
characteristics of dental occlusion needs
to be quantified within diverse human
populations. The relationship of this
variation to epidemiological factors and
the nature of differences among popu-
lations are also areas in need of much
investigation.

This type of research will face meth-
odological problems not encountered in
studies of malocclusion. Measurements
taken on subjects with missing teeth
provide a potential source of bias that
must be carefully evaluated, since these
subjects cannot simply be excluded
from study without resulting in an al-
ternative type of bias. The potential
intermaxillary relationships appropriate
for study are centric relation and cen-
tric occlusion. While centric relation
has an advantage in stability, it is sug-
gested that centric occlusion (conveni-
ence occlusion) is the functional phe-
notype and therefore the most appro-
priate position from which to take
measurements.

Several - recent studies stress a poly-
genic mode of inheritance for the char-
acteristics of dental occlusion. The evi-
dence is reviewed and evaluated, and it
is concluded that, although a polygenic
mode is most likely, there are insuffi-
cient data to exclude the possibility of
environmentally-sensitive single gene
inheritance.

If occlusion is demonstrated to be
polygenic, studies attempting to parti-
tion environmental and genetic causes
of variance will contribute little to clin-
ical problems. Long-term objectives
should instead center upon the detec-
tion of major genes and determination
of their biochemical action.
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