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INTRODUCTION

It has long been assumed that tooth
breadth is a characteristic controlled by
hereditary forces. Kingsley' expressed
one of the prevailing orthodontic con-
cepts of the nineteeth century when he
wrote, “The cause of irregularities of
teeth is . . . sometimes due to the in-
heritance of large teeth out of all pro-
portion to the size of the inherited jaw.”
This view is still widely held today.
1t is generally accepted that, while har-
monious relationship between tooth
dimensions and arch length results in
the development of a satisfactory align-
ment and optimum occlusion of the
teeth, disproportion between the two
clements predisposes toward crowding
or spacing in the arch®.

Greater emphasis has been placed on
assessing the ratio, or proportional re-
lationship, between the size of teeth and
the length of the bony arch *°, and on
the relationship between the upper
and lower teeth!®®, than upon the
hereditary aspects of either tooth or
bony arch dimensions. As these analyses
have in common the evaluation of dif-
ferences in relative proportions, either
of teeth to the bony arch or of teeth to
each other, it becomes of fundamental
interest to establish biometrically the

*Division of Orthodontics, School of Dental
and Oral Surgery of the Faculty of Medi-
cine, and Institute for the Study of Human
Variation. Columbia TUniversity, New York.
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range of variation of each factor in the
ratio.

The quantitive variation which oc-
curs in a complex morphological char-
acteristic such as mesio-distal tooth
dimension is influenced by both hered-
itary and environmental forces. The ef-
fects of a non-genetic factor (diet) on
the size of molar teeth in rats has re-
cently been demonstrated by Paynter
and Grainger'* and indicates that this
is one environmental aspect of tooth
development which requires further in-
vestigation.

The present communication is con-
cerned with the analysis of the quanti-
tative hereditary variation which oc-
curs in one element of the tooth size/
hony arch ratio, the mesio-distal tooth
dimensions of the six maxillary and six
mandibular anterior teceth,

THE Stuby METHOD
The twin-study method has been used
in the investigation of hereditary char-
acteristics in man since Galton’s time's.
The method has been employed oc-
casionally in dental and orthodontic
research, perhaps most frequently for
the investigation of inherited variation

in tooth size and occlusion?® 20,

By definition, a study of tooth dimen-
sions is a study of quantitative varia-
tion. The problem is quite different
than one of whether a given tooth is or
is not inherited as might be the case,
for example, in a qualitative study of
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congenital tooth absence. Rather, it is
a matter of whether the individual
variations in tooth dimensions have a
measurable hereditary component. In
order to evaluate this type of a genetic
problem ideally, an investigative pro-
cedure is required in which genetic
variation is a known factor, and in
which other contributory variables can
cither be controlled or measured.

The twin study method more nearly
satisfies these exacting
than any other method presently avail-
able. In comparing the two members
of monozygotic twin pairs whose coefhi-
cient of genetic relationship is (by de-
finition) equal to 1.0, indicating iden-
tical genetic endowment in both mem-
bers of the pair, any observed ditfer-
ence in tooth dimension must be duc
to factors other than heredity.

requirements

When both members of a iono-
zygotic twin pair are studied simul-
laneously, differences in developmental
stage are climinated; as monozygotic
twins must be ol the same sex, sex dif-
ferences are automatically excluded. In
pairs where both members have been
raised in the same home, major nutri-
tional and other environmental factors
arc similarly reduced to a practical
minimum for human studies, The re-
maining causes of variation become
developmental or health differences,
which can be determined from observ-
ing other physical attributes and by ob-
taining comparable health (including
dental) and developmental histories,
and measurement on experimental er-
ror.

In the case of dizygotic twins, the
average coefficient of genetic relation-
ship is cqual to 0.5. which is the same
as that for ordinary single-born siblings.
Conscquently. observed differences be-
tween the two members of a dizvgotic
twin pair result from the same influ-
ences which affect monozygotic twins
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plus a difference in one-half of their
total heredity. When a study of
dizygotic twins is carried out to parallel
the one outlined above for monozygotic
twins, a comparison of the average of
the differences for monozygotic and
dizygotic twins will provide a test of
the observed effect of a difference in
one-half the total hereditary constitu-
tion.
Tue Stupy Samrre

The subjects utilized for the present
investigation are from a larger study
{to be reported in detail elsewhere)
which has been in progress for several
years at the Columbia-Presbyterian
Medical Center®.

The total study group consists of
C'aucasian twins drawn from a variety
of sources in New York City, unselected
as to sex and zygosity, with an age
range from 18 - 55 years, and obtained
for the purpose of establishing a sample
of adult twin subjects in good general
health.

Tooth dimensions were obtained for
54 pairs of like-sexed twins with an
average age of 27 years. This group
included 33 pairs of monozygotic twins
{21 female and 12 male}, and 21 pairs
of dizyeotic twins (16 female and 5
male).

MrTHODS

The central problem in any twin
study is the accurate diagnosis of
zvgosity. The mcthod employed in the
present study was based upon proving
dizygosity, first by a proven difference
in a blood group factor. and in addi-
tion by other reliable characteristics
such as eye color, ear form and dermal
patterns for all like-sex pairs which
agreed in all their blood factors. The
advantages of this method are: (1) it
provides a known direction to any poss-
ible error in diagnosis, and (2) it tends
to underestimate rather than overes-
timate the inheritance factor for any
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characteristic under investigation. It
may be assumed, therefore, that the
conservative nature of the method pro-
vides ample insurance that significant
results are not attributable to chance
errors in the diagnosis of zygosity. A de-
tailed discussion of this method may
be found elsewhere®*. Measurement
Methods. Quick setting stone casts were
prepared from alginate impressions of
the maxillary and mandibular teeth of
cach subject. Measurements of the wid-
est mesio-distal diameter of each of the
six maxillary and six mandibular anteri-
or teeth of the permanent dentition were
obtained from the models by means
of a finely pointed sliding caliper fitted
with a vernier scale which permitted
readings to the nearest 0.1 mm. The
legs of the caliper were placed at the
contact points and the instrument held
parallel to the incisal surfaces of the
teeth as the individual tooth was meas-
ured. Teeth which had been restored
with porcelain or acrylic jackets, and
those which had either carious lesions
or restorations which affected a con-
tact point were elimnated from the
study.

Duplicate measurements were made
of all of the twelve teeth studied utiliz-
ing the models of thirty subjects selected
at randomn. These double determina-
tions were used to assess the measure-
ment error.

REsULTs

Monozygotic twins. The average dif-
“ferences observed between the members
of monozygotic twin pairs are given in
Table 1. In the maxillary arch it is the
left central which shows the smallest
mean difference, 0.17 mm., while the
left lateral has the greatest, 0.24 mm.
For the mandibular teeth these differ-
ences range from 0.10 mm. for the left
central to 0.21 mm. for the left canine,

Dizygotic twins. Table 1 also presents
the average differences observed in the
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TABLE I

Comparison of Mean Intra-pair differences
in Mesio-Distal Tooth Dimensions between
Monozygotic and Dizygotic twins.

MAXILLARY TEETH

n Mean
(pairs) diff. (mm) S.D. Pt
Right
I
Monozygotic .30 .20 18 «.001*
Dizygotic ...18 .37 .34
Iy
Monozygotic .29 .22 A7 >.001*
Dizygotie ...18 .56 .59
C
Monozygotic .29 .23 A5 «.025
Dizygotic ...18 .33 .26
Left
I,
Monozygotic .31 A7 d4 0 >.001*
Dizygotic ...16 .37 .28
I,
Monozygotic .31 24 20 >.005*
Dizygotic ...16 42 .33
c
Monozygotic .26 19 A5 «.25
Dizygotic ...14 .14 .18
MANDIRULAR TEETH
n Mean
(pairs) diff. (mm) S.D. Pt
Right
L
Monozygotic .26 .13 A2 >.001*
Dizygotic ...15 .29 .29
1,
Monozygotic .29 .16 A1 >.001*
Dizygotic ...17 .35 .33
(¢
Monozygotic .29 .20 14 <001
Dizygotic ...17 .38 24
Left
L
Monozygotie .27 10 .08  >.001*
Dizygotic ...18 .35 26
L,
Monozygotic .28 14 16 >.005*
Dizygotic ...15 30 22
C
Monozygotic .26 21 21 «.05
Dizygotic ...21 .31 .25

tA variance analysis was employed and P
vialues were obtained by means of Fisher’s
F test (variance ratio).

*Statistically highly significant.
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tooth breadths of the dizygotic twins.
The maxillary teeth show a range of
differences from 0.14 for the left canine
to 0.56 for the right lateral. In the
mandible the range is from 0.30 mm.
for the left lateral to 0.38 for the right
canine.

Comparison of the standard deviations
provides a familiar estimate of the var-
iability of the mean differences obtain-
¢d between the members of the twin
pairs. For the monozygotic twins the
S.D. of the six maxillary teeth show a
small range, from 0.14 to 0.20; while
the mandibular S.D. vary between 0.08
and 0.21.

In the dizygotic twins the S.D. of
the maxillary teeth fall into a pattern.
Those for the central and lateral teeth
show evidence of appreciably greater
variability than either of the canines.
In the lower arch this also holds true
on the right side, while on the left the

canine forms an exception.

DirrereNCE BETWEEN CATEGORIES

Coomparison of the mean intra-pair
differences observed hetween members
of the twin pairs in the separate cate-
vories provides a measure of the de-
gree to which monozygotic twins are
more alike than dizygotic twins. The
larger the difference between these two
values, the greater is the hereditary
factor in the variability of the partic-
ular tooth. As has been noted, none of
the teeth measured show large mean
variations between the members of
monozygotic twin pairs. The mean dif-
ferences are much greater between
members of dizygotic twin pairs.

By employing a variance analysis bas-
ed upon the mean intra-pair differences
it becomes possible to obtain an efficient
and statistically exact test of the sig-
nificance of these differences. Fisher’s
variance ratio, or F test, has been used
for tests of statistical significance in this
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study. (For details of the statistical
methods employed see Osborne?*, et.
al.)

When such a test is applied, the
most prominent feature of these data
is the strong genctic component of var-
iability of the four maxillary and four
mandibular incisor teeth. The differ-
ences between members of monozygotic
and dizygotic twin pairs are statistically
highly significant for all of these teeth.
The probability values range from P
== >.005 to P = <.001.

The canine teeth, on the other hand,
give evidence of much less of an hered-
itary component of variability. The
mean intra-pair values do not show
statistically significant intra-pair dif-
ferences between the twin categories
with the single exception of the mandi-
bular right canine. This low measur-
able hereditary variability, especially in
the upper canines, is not the result of
an increase In non-genetic (environ-
mental) influence, but reflects an ac-
tual lack of genetic variability observed
in these teeth between the members of
dizygotic twin pairs.

ENVIRONMENTAL VARIATION

Non-genetic variation for each of the
twelve teeth studied may be further an-
alyzed by comparing the mean differ-
ences observed between the members of
monozygotic twin pairs. Environmental
variation is about twice as great in the
maxillary central and lateral incisors
as in the corresponding mandibular
teeth. The canine teeth demonstrate
non-genetic variability comparable to
that of the incisors.

Sex and asymmetry components af-
fect non-genetic variability and may
also be measured by comparing the
monozygotic twins (Table 2). It is ap-
parent from the data that these factors
accumulate particularly in the maxil-
lary left central, mandibular left canine
and mandibular left lateral, resulting
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TABLE II
Male - Female Intra-pair Differences in Mesio-Distal Tooth Dimensions (Monozygotic Twins)

MAXILLARY TEETH

RIGHT LEFT
mean mean
n difference n difference
(pairs) {(mm) $.D. P {pairs) (mm) S.D. Pt
Il
Male ........ 12 .23 A7 <.25 12 .26 15 <.005*
Female ...... 18 18 19 19 A2 .10
I,
Male ........ 10 27 17 >.25 12 .23 25 <.25
Female ...... 19 .20 .16 19 24 .16
¢
Male ........ 10 .23 .19 <.25 11 16 .16 <.25
Female ...... 19 24 13 15 21 14
MAaNDIBULAR TEETH
Il
Male ........ 9 .19 12 <05 11 J1 .08 25
Female ...... 17 .09 A1 16 .09 .07
I
2
Male ........ 11 15 .10 <.25 10 17 22 025
Female ...... 18 12 A1 18 12 12
C
Male ........ 10 18 .16 <.25 8 34 .25 005*
Female ...... 19 21 14 17 14 14

in statistically significant sex differences
in those teeth. Our data indicate that
this is unilateral in nature and tooth
specific.

Discussion

Earlier odontometric studies of twins
give an approximate indication of the
variability of the anterior teeth, but
tests of statistical significance cannot
be made from the data as published.
Nevertheless, both Reif'* and Kork-
haus'® found the largest intra-pair dif-
ferences in size (by percentage) oc-
curred in the maxillary right lateral
teeth. This genetic variability is con-
firmed in our data with a high degree
of statistical significance.

Lundstrém?®’, in his twin study, also
obtained the largest coefficient of var-
iation in the maxillary lateral incisors
and additional evidence of the great
variation in mesio-distal width of the

laterals is provided by odontometric
population studies® ** 25,

By comparison with the incisor group,
the canine teeth demonstrate very little
measurable genetic variability. This
finding confirms previous reports. Lund-
strém’s twin data indicate a lower co-
efficient of variation for the canines
than for the incisor teeth and odonto-
metric population studies agree on the
low degree of canine variability.

The comparatively low genetic com-
ponent of variability demonstrated in
the canine tooth width is of interest in
numerous ways. Functionally, this tooth
occupies a strategic location in the
dental arch as the link which connects
the premolar-molar series with the in-
cisors. In prosthetic dentistry it is an
extremely important dental unit owing
to its large area of periodontal mem-
brane attachment. In addition, the max-
illary canine has an esthetic function
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in preserving facial contours, acting as
a support for the corner of the lip. To
the orthodontists, the canine is the “key-
stone in its lateral half of the dental
arch?¢” a role which demands relative
constancy in size and form. Dahl-
berg? *%, in his adaptation of But-
ler’s®” field concept of the human den-
tition, considers the canine ‘“‘morpho-
logically stable as concerns expression
and retention of ancestral patterns.”
The limited genetic variability of the
canine observed in this study is com-
patible with Dahlberg’s hypothesis of
a comparatively slow rate of evolution-
ary change, or “stability” in this tooth.

With regard to bilateral asymmetry
noted in the data, it appears that the
environmental variability of teeth on
the left side, particularly the maxillary
central, mandibular canine and man-
dibular lateral, is sex-influenced. It is
the significantly greater male variabil-

hich nroduces this r|nhr_lpf(’ dis-

ity which produces th

cr)epancy in the mandibular canine
(P = .025 when the right and left
sides are compared). That the sex in-
fluence operates more strongly on the
left side has also been found in
dermatoglyphic patterns®®, which sug-
gests that there may be some general
sex-influenced asymmetry mechanism
operating at a developmental level. Sig-
nificant sex differences in canine tooth
dimensions have been reported in re-
cent population studies®* 5.

Analysis of the data reported offers
a partial explanation for the incon-
sistent results in treatment planning
obtained with various tooth size/bony
arch ratios®*’. As has been pointed
out® it may not be possible to attain
high precision in predictive methods
based on tooth size. When mesio-distal
tooth dimensions are used to establish
orthodontic diagnosis ratios, the find-
ings of this study suggest that the an-

terior teeth be considered as two
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separate groups, the ‘“variable” incisors
and the relatively “stable” canines.

SUMMARY

1. Hereditary vanation in mesio-
distal tooth dimensions is analyzed by
means of the twin-study method, util-
izing a group of fifty-four pairs of adult,
like-sexed Caucasian twins.

2. Genetically conditioned variations
of a highly significant nature occur in
eight of the twelve anterior teeth
studied. The canine teeth demonstrate
2 relatively Jow hereditary component
of variability.

3. Sex and asymmetry factors appear
to play a part in the variation observed
in the maxillary left central, and man-
dibular left canine and lateral teeth.

630 West 168th St.

REFERENCES

L hmgaley, N. W. A Treatise on Oral
ties as a Rraneh of Mechunieal
Surgery, New York, Appleton, 1888.

2. Moorrees, C. F. A. and R. B. Reed Bio-
metrics of Crowding and Spacing Teeth
in the Mandible. Amer. J. of Physical
Anthro, s, 12: 77-88, 1954.

3. Seipel, C. M. Variation of Tooth Posi-
tion. Svensk Tandlikare - Tidskrift 39:
supplement, 1946,

4. Howes, A. E. Case Analysis and Treat-
ment Planning Based Upon The Rela-
tionship of the Tooth Material to Its
Supporting Bone. Amer. J. of Ortho.
and Oral Surg. 33: 499-533, 1947.

. Nance, H. M. The Limitations of Orth-
odontic Therapy. dmer. J. of Ortho. and
Oral Surg. 33: 177-233, 253-301, 1947.
6. Ballard, M. L. and W. L. Wylie Estimat-

ing the Size of Unerupted Teeth. Amer.
J. of Ortho. 33: 754, 1947.

7. Carey, C. W. ‘‘Linear Arch Dimension
and Tooth Size.’’ Amer. J. of Ortho. 35:
762, 1949.

8. Lundstrom, A. Aro trangstillninger
vanligare hos fall med stora #n med
sma tinder? Svensk Tandlikare - Tid-
skrift, 85: 399, 1942, (as quoted by
Moorrees and Reed, 1954)

9. Rees, D. J. A Method For Assessing the
Proportional Relation of Apical Bases
and Contact Diameters of the Teeth.
Amer. J. of Ortho. 39: 695-707, 1953.

10. Tonn, P. tber die mesio-distalen Zahn-

brieten - Relationen der Zihne - des
Oberkiefers zu den entsprechenden des

=]



Vol. 28, No. 2

12

14,

21.

2. Lundstrém, A.

Unter-Kiefers bei normaler und abnor-
maler Okklusion. - Diss. Berlin, 1937,
(As qouted by Seipel, 1946).

. Steadman, 8. R. The Relation of Upper

Anterior Teeth to Lower Anterior Teeth
as Presented on Plaster Models of a
Group of Acceptable Occlusions. Angle
Ortho. 22:91, 1952.

Intermaxillary Tooth
Width Ratio and Tooth Alignment and
Occlusion. Adete Odontologica Scandi-
navice 12: 265, 1954.

. Neff, C. W. The Size Relationship Be-

tween the Maxillary and Mandibular
Anterior Segments of the Dental Arch.
Angle Ortho. 27: 138, 1957.

Paynter, K. J. and R. M. Grainger The
Relation of Nutrition te the Morphology
and Size of Rat Molar Teeth. J. of the

Canadian Dental Asso. 22: 519-531,
1956.
5. Galton, Sir Francis The History of

Twins as a Criterion for the Relative
Powers of Nature and Nurture. Pop.
Sci. Monthly 8: 345, 1875.

. Reif, W. Die Vererbung der Kronenform

menschlicher Zihne. Inaug. Diss. Bonn,
1928 (as quoted in Lundstrom, 1948).

. Bratengeier, E. tber die Variabilitiit der

Frontzihne bei ein-und zweieiigen
Zwilligen. Med. Diss. Frankfort, 1934
(as quoted in Lundstrom, 1948).

. Goldberg, Samuel Biometrics of Identical

Twins from the Dental Viewpoint, J. of
Dental Research 9: 363, 1929.

. Korkhaus, G. Die Vererbung der Kron-

enform und grosse menschlicher Zihne.
Zeitschrift flir Anatomie und Entwick-
lungsgeschichte. 91: 594, 1930.

. Lundstrom, A. Tooth Size and Occlusion

in Twins, Karger, Basle, 1948.

Osborne, R. H., Hereditary and Environ-
mental Factors in Body Build: A Study
of 100 Pairs of Adult Twins. Ph.D.

Tooth Dimension

29.

30.

31,

93

Thesis Columbia University. 1956.

. Osborne, R. H., 8. L. Horowitz and F.

V. DeGeorge. A Twin Study of Varia-
tion in Tooth Dimension. In preparation.

23. Greiwe, Paul W. Tooth Size and Sym-

metry in the Human Dentition, M. S.
Thesis, Department of Orthodontics,
Graduate College of the State University
of Towa, 1949.

. Thomsen, Selma, Dental Morphology and

Occlusion in the People of Tristan da
Cunha. Results of the Norwegian Sci-
entific Expedition to Tristan da Cunha,
1937-38 No. 25. Publ. Det. Norske
Videnskaps - Akademi, I Oslo. 1955.

. Moorrees, C.F.A.; Selma Thomsen, Elli

Jensen and Peter Kai-Jen Yen. Mesio-
distal Crown Diameters of the Deciduous
and Permanent Teeth in Individuals.
J. Dent. Research 36: 39, 1957.

. Angle, E, H. Treatment of Malocclusion

of the Teeth Phila. 8. 8. White 7th Ed,,
1907.

. Dahlberg, Albert A. The Changing Den-

tition of Man, J. dmer. Dental Asso.
32: 676, 1945,

. Dahlberg, Albert A. The Dentition of

the American Indian, Papers on the
Physical Anthropology of the American
Indian p. 138 Viking Fund, N. Y., 1949.
Butler, P. M. Studies of Mammalian
Dentition. Differentiation of Post-Canine
Dentition. Proc. Zool. Soc. London 109:
1-36, 1939

Turpin, R. and M. P. Schutzenberger, On
a Lateral Statistical Asymmetry Attri-
bute of the Human Sexual Phenotype.
Compt. Bend. Acad. Sci. (Paris) 228(5):
431, 1949.

Martinek, C. E. A Comparison of Vari-
ous Surveys on the Adequacy of Basal
Bone. Amer. J. of Ortho. 42: 244-254,
1956.



