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Correlated Asymmetries Detected in the Tooth Crown
Diameters of Human Permanent Teeth
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Abstract Right-left asymmetry was examined for the crown diameters of all the
permanent teeth except the third molars of both jaws on the basis of a sample con-
sisting of 161 male and 144 female Japanese. The fluctuating asymmetry was con-
firmed to be statistically significant in almost all the teeth, as was expected. Directional
asymmetry was found in some particular teeth consistently in both sexes and it was
considered to be due possibly to systematic measurement errors. Antisymmetry was
inferred not to be present in any of the tooth crown diameters. Positive correlations
were detected between the signed antimeric differences of the buccolingual crown
diameters, especially of maxillary cheek teeth. These correlations in a complex of the
crown diameters were suspected to be referable to some asymmetry of the jaws forming
in the early developmental processes.

In one of the earliest studies on the asymmetry in the human body, v. VERSCHUER
(1930) classified many kinds of asymmetry of organs and behavior into two types.
One is normal asymmetry, such as the position of the heart, the left-handedness re-
ferable to the functional asymmetry of the cerebral cortex, efc., which can be recog-
nized in an ordinary way. The other is an exception of the symmetry which is ex-
pected in ideal condition. For instance, distortion of the median plane of the face,
left-right differences in the lengths and circumferences of limbs, asymmetric distri-
bution of pigment or hair on the body, efc. were included in this type. Based on the
twin data of some asymmetric characters, v. VERSCHUER (1930) considered that in a
character which is completed to its final phenotype at an earlier developmental stage,
a difference in the degree of its asymmetry between monozygotic twins is less than
those for other characters which are much later determined. Namely, the asymmetry
of the latter was thought to be influenced much more by accidental environmental
factors, resulting in the increase of the difference of the asymmetry between mono-
zygotic twins.

While the above classification of asymmetry by v. VERSCHUER (1930) is used
when asymmetry is examined at the level of individuals, VAN VALEN (1962) classified the
asymmetry into three types from another viewpoint, that is, on the basis of the way
of existence or distribution of the asymmetry within a population. The first type of
asymmetry of VAN VALEN is “directional asymmetry.” When a greater development
of a character on one side is found systematically in most of the members of a certain
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population, the directional asymmetry of the character can be expressed as a mean
value of the differences between the two sides. The second type is “antisymmetry.”
This is the situation in which asymmetry is normally present in the members of a
population, but the side with a character showing a greater development varies from
individual to individual. An example of this type presented by VAN VALEN (1962) is
lateral hand dominance seen in human populations. The third type of asymmetry
is “fluctuating asymmetry.” This term is assigned to the asymmetry which may
derive from the inability of organisms to develop in precisely determined paths, that
is, referable to random deviations from the perfect symmetry to be produced through
the canalization or buffering of the genotype (WADDINGTON, 1942). As a measure
of the fluctuating asymmetry, the mean intrapair variance or the simple variance of
the differences between the two sides has widely been employed. VAN VALEN (1962)
noted that any two or all of the above three asymmetry types can exist simultaneously
in the same character.

As regards dimensional asymmetry in the human dentition, many investigators
have frequently observed evidence for it. Among others, BALLARD (1944) is possibly
the first student who suggested that the difference in mesiodistal tooth crown diameters
between the left and right sides was the greatest in the maxillary lateral incisor of the
permanent teeth from the central incisors to the first molars of both jaws. Since
then, the greater left-right variability, i.e., fluctuating asymmetry of the maxillary
lateral incisor or of the distal tooth within each morphological tooth class has been
repeatedly demonstrated (LUNDSTROM, 1948, 1960, 1977; MOORREES and REED, 1964;
GARN et al., 1966, 1967, 1970; BAILIT et al., 1970; SUARES, 1974; PERZIGIAN, 1977;
BARDEN, 1980; HarrIis and NWEEIA, 1980; TAVERNE, 1980; TOWNSEND and BROWN,
1980; Nass, 1982; MAYHALL and SAUNDERS, 1986). As factors increasing fluctuating
dental asymmetry, inbreeding (NISWANDER and CHUNG, 1965), congenital malforma-
tion like an oral cleft (Apams and NISWANDER, 1967), genetic disease like DowN
syndrome (GARN ef al., 1970; BARDEN, 1980), the poor condition of health and nutri-
tion (BAILIT ef al., 1970; PERZIGIAN, 1977 ; HARRIS and NWEEIA, 1980; CORRUCCINI ef al.,
1982), efc. have been suggested. Many authors have considered these and other
random environmental factors to influence the buffering or canalization processes
of organisms, resulting in the fluctuating asymmetry of teeth. ~ However, DIBENNARDO
and BaILIT (1978) asserted that dental asymmetry did not relate to prenatal stress
affecting birth weight, gestational age, etc. in a Japanese sample. Incidentally, SIEGEL
and SMOOKLER (1973) experimentally demonstrated that intermittent high intensity
sound increased the degree of fluctuating asymmetry in the lower first molars of
laboratory rats.

With respect to directional asymmetry, most investigators have not been able to
find any significant antimeric differences for either mesiodistal or buccolingual tooth
crown diameters of human teeth (ASANO, 1965; GARN et al., 1966, 1967; ApAMS and
NISWANDER, 1967; DoyLE and JOHNSTON, 1977; PERzIGIAN, 1977; TOWNSEND and
BrowN, 1979, 1980; HARRIS and NWEEIA, 1980; TAVERNE, 1980) although LUNDSTROM
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(1948) and CorrucciINI et al. (1982) found significant directional asymmetry for a
few teeth. Regarding antisymmetry, few investigators have attempted to detect it
in the tooth crown diameters of human teeth. Of them, GREENE (1984) reported,
testing the kurtosis of the distribution of antimeric differences, that there was no
significant antisymmetry for the mesiodistal and buccolingual tooth crown diameters
of the maxillary and mandibular first molars.

As was briefly reviewed above, the previous findings seem to indicate that indi-
vidual human teeth are led to perfect symmetry by canalization when ideal conditions
are provided. That is, most of the asymmetries practically found in the dental size
seem to be fluctuating asymmetries.

As regards interrelationships between dental asymmetries, a few authors (GARN
et al., 1966, 1967; TowNsEND and BRowN, 1980) have reported no systematic associa-
tions between tooth crown diameters for asymmetry. To the present author, how-
ever, it seems that there is some dental size asymmetry which is associated with the
sidedness of jaws because we sometimes realize our preferential chewing on one or
the other side, and, in fact, the asymmetrical patterns of tooth wear have been reported
in man and other primates (MOLNAR and WARD, 1977). In this paper, evidence for
such associations between the preferential chewing and dental size asymmetry will be
sought, though indirectly, after the presence or absence of fluctuating and directional
asymmetries and of antisymmetry has been confirmed.

Materials and Methods

The dental plaster casts from 161 male and 144 female Japanese living in Tokyo
were used to assess dental asymmetry. Mean measurement error variances for tooth
crown diameters were estimated based on another sample consisting of 61 Japanese
individuals. These samples were collected by Prof. K. HANIHARA of the Department
of Anthropology, the University of Tokyo. First, the mesiodistal tooth crown diam-
eters of the teeth from the central incisors to the second molars and the buccolingual
diameters from the first premolars to the second molars of both jaws were recorded
to an accuracy of 0.05 mm by the present author after Fusita (1949) on the plaster
casts. Then only intact antimeric pairs of the dental measurements were selected in
the above two samples. The selected data were processed through the following
statistical analyses.

Fluctuating asymmetry in each tooth crown diameter and intraobserver measure-
ment errors were assessed by using the mean intrapair variance from the one-way
analysis of variance (KEMPTHORNE, 1969). Data for measurement errors were ob-
tained by the double determination method (DAHLBERG, 1926; LUNDSTROM, 1948)
from the left and right teeth of the above latter sample. Homogeneity throughout
all the teeth for bilateral symmetry/asymmetry in the frequency that a right tooth was
larger, equal to, or smaller than the corresponding left tooth was examined by chi-
square test (SIEGEL, 1956) separately in males and females.



28 Yuji M1zoGUCHI

Table 1. Fluctuating asymmetry, i.e., mean intrapair variances from
the one-way analyses of variance for the mesiodistal (MD) and
buccolingual (BL) tooth crown diameters of permanent teeth.

Right-left variance

Measurement
error
variance Male Female
Var. d.f. Var. d.f.  F-ratio? Var. d.f.  F-ratio”
MD of UIl .0049 108 .0258 158  5.31%** .0198 142 4.07***
UI2 .0074 120 .0450 157  6.06*** .0482 142 6.50%**
ve .0061 114 .0205 153 3.33%%* .0205 137 3. 35%%*
UP1 .0048 116 .0179 155 3.75%%* .0161 142 3.36%**
UP2 .0063 102 .0247 150 3.93*%%* .0217 120 3.46***
UMI1 .0110 114 .0371 154 3.38%** .0273 137 2.49%**
UM2 .0268 30 .0694 87  2.59%** .0761 89  2.84%x*
LIl .0042 112 .0164 144  3.95%%x* .0114 122 2.73%**
LI12 .0079 108 L0171 145 2.17%** .0131 127 1.66%***
LG .0140 114 .0175 157 1.25 .0189 141 1.35*
LP1 .0066 106 .0189 159  2.88*** .0234 141  3.57***
LP2 .0107 92 .0316 147  2.97*** .0298 121 2.80%***
LM1 .0112 102 .0306 148  2.73%** .0332 135 2.96%**
LM2 .0149 38 .0403 55 2.71%** .0493 61  3.32%**
BL of UPI .0098 120 .0302 153  3.07%** .0330 141 3.36%**
UP2 .0099 108 .0536 145  5.41%%* .0408 119 4.12%**
UMI .0328 114 .0714 153 2.18*** .0513 130 1.56**
UuM2 .0125 42 .0686 50  5.49%** .0546 S1 4.37%**
LP1 .0189 104 .0409 157  2.16*** .0303 141 1.60**
LP2 .0144 94 .0260 148  1.80*** .0315 123 2.19%**
LMI1 .0132 102 .0316 150 2.39%%* .0229 135 1.73%**
LM2 .0142 36 .0343 64 2.42%** .0386 65 2.73%**

1 One-sided F-test for the significance of a right-left variance in comparison with its correspond-
ing measurement error variance.
* P<0.05; ** P<0.01; *** P<0.005.

For the significance of directional asymmetry, a signed antimeric difference mean
(difference—=right—left) was tested by using STUDENT’s t-test under the null hypoth-
esis that a population mean is zero. Furthermore, for detecting directional asym-
metry in a dental multivariate system at a time, a correlation matrix for the tooth crown
diameters of the right and left teeth was decomposed into covariance matrices by
a method using dummy variables (TAKEUCHI and YANAI, 1972). One of the two
matrices is related to the symmetrical part of the dental system and the other to the
asymmetrical part. The principal component analysis (LAWLEY and MAXWELL,
1963; OKUNO et al., 1971, 1976; TaKEucHI and YANAI, 1972) of the asymmetry co-
variance matrix concisely shows the relative degree of asymmetry for each diameter
in the dental system as a whole.

Antisymmetry can be indicated generally by the platykurtosis and sometimes
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Table 2. Homogeneity tests for the bilateral symmetry/asymmetry of
tooth crown diameters in the permanent dentition.

Male Female
Frequency (%) Frequency (%)
No. of No. of

pairs R>L R=L R<L pairs R>L R=L R<L

MD of UIl 158 42 .4 19.0 38.6 142 43.7 23.2 33.1
Ul2 157 54.1 16.6 29.3 142 33.5 18.3 28.2
ucC 153 32.7 21.6 45.7 137 34.3 21.9 43.8
UPI1 155 38.7 17.4 43.9 142 37.3 22.5 40.1
uUpP2 150 44 .7 16.7 38.7 120 40.8 17.5 41.7
UMI 154 47.4 16.9 35.7 137 54.7 16.8 28.5
UM2 87 62.1 13.8 24.1 89 59.6 11.2 29.2
LIl 144 215 26.4 521 122 24.6 36.9 38.5
LI2 145 31.7 26.2 42.1 127 27.6 31.5 40.9
LC 157 42.7 19.7 37.6 141 55.3 17.7 27.0
LP1 159 48.4 18.9 32.7 141 44 .7 19.9 35.5
LP2 147 29,2 14.3 56.5 121 38.0 20.7 41.3
LMI 148 46.6 23.7 29.7 135 47.4 17.8 34.8
LM2 55 41.8 18.2 40.0 61 47.5 21.3 31.2
BL of UPI 153 39.9 15.0 45.1 141 44.0 16.3 39.7
uUP2 145 40.0 13.1 46.9 119 42.0 14.3 43.7
UMI 153 31.4 131 556 130 39.2 10.0 50.8
UM2 50 34.0 20.0 46.0 51 41.2 9.8 49.0
LP1 157 42.0 19.1 38.9 141 55.3 10.6 34.0
LP2 148 52.7 18.2 29.1 123 43.1 14.6 42.3
LMI1 150 54.0 18.7 27.3 135 46.7 16.3 37.0
LM2 64 40.6 17.2 42.2 65 29..2 18.5 52.3

72=1908.07 (d.f.=42) 12=1607.22 (d.f.=42)
Probability=0.11 Probability=0.11

by the leptokurtosis of the distribution of right-left differences (VAN VALEN, 1962).
However, it should be cautioned that superficial leptokurtosis is frequently caused
also by sampling errors.

If any common factors control the asymmetry of a complex of characters, the
interrelation between the asymmetries of arbitrary two characters in the same complex
may be detected by calculating a correlation coefficient between the asymmetries,
i.e., signed side differences of the two characters. For example, if, at an earlier de-
velopmental stage, an artery of one side of a jaw is formed thicker by chance or other
certain factors than that of the other side in an individual, then they will carry blood
and nutrients differentially to the two sides of the jaw, resulting in the greater size of
teeth on the side with the thicker artery as a whole. In this case, the asymmetry of a
complex of the artery, teeth, and others can be regarded as fluctuating asymmetry if
the factors are random ones. In the meanwhile, if the factors are not random but
those which necessarily cause a bimodal distribution of side differences, the asymmetry
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Table 3. Significance tests for the directional asymmetry, i.e.,
right-left differences in size of tooth crowns in a male sample.

Right Left Difference (R—L)
Sample
size Mean SD: Mean S.D. Mean S.D. t-value
MD of Ull 158 8.74 .52 8.71 .49 .03 .23 1.56
Ul2 157 7.19 .59 7.11 .65 .08 .29 3238
ucC 153 8.17 .40 8.18 .39 —.01 .20 —0.73
UP1 155 7.52 .40 7..53 .41 —.01 .19 —0.39
UP2 150 6.96 .40 6.94 .43 .02 .22 0.94
UMI 154  10.66 52 10.63 .53 .03 .27 1.46
UM2 87 9.81 .55 9.65 57 .16 .34 4 .28%**
LIl 144 5.52 .36 5.58 .35 —.06 17 —4.43%%%
LI2 145 6.20 .36 6.24 .38 —.04 .18 —2.52%
LC 157 121 .38 7.20 .40 .01 .19 0.73
LP1 159 7.41 .41 7.37 .41 .05 .19 2.99**
P2 147 7.29 .45 7.35 .43 —.06 24 —3.13%*
LMI1 148 11.65 =51 11.60 .51 .04 .24 2.19%
LM2 55 10.76 .56 10.73 .56 .02 .29 0.62
BL of UPI1 153 9.73 .56 9.73 .59 .01 .25 0.25
UP2 145 9.54 .57 9.55 .59 —.01 .33 —0.29
UMI1 153 11.92 .57 11.98 .57 —.05 .38 —1.78
UM2 50 11.56 .65 11.62 A2 —.06 .37 —1.23
LP1 157 8.17 =53 8.18 .52 —.00 .29 —0.17
LP2 148 8.71 .55 8.65 .54 .07 .22 3.73%*%
LMI1 150 11.17 .51 11.12 .53 .05 .25 2:,63%*
LM2 64 10.56 .49 10.55 .56 .01 .26 0.33

* P-0.05; ** P<0.01; *** P<0.001, by the two-sided 7-test for the null hypothesis that a popula-
tion mean is zero.

is regarded as antisymmetry. And, if the above artery was inevitably thickened in
only one side by some reasons, directional asymmetry would be found in both the
artery and dental size.

Here, two kinds of methods were employed to assess the interrelations of tooth
crown asymmetries. First, the tooth crown diameter of a tooth on the side where
the mesiodistal or buccolingual tooth crown diameter of the maxillary first molar was
larger than that of its antimere was preliminarily compared with that of the corre-
sponding tooth on the other side. From this analysis, the individuals who had the
equal-sized maxillary first molars were excluded. A mean value of the signed side
differences, which are obtained by subtracting the diameter of a tooth on the side
with the smaller maxillary first molar from that on the other side, is still expected to
be zero except for the maxillary first molar if the asymmetry of the tooth crown di-
ameter is due to completely random factors and independent of the asymmetry of the
maxillary first molar. Namely, a signed difference mean value which is significantly
different from zero implies the presence of the correlation between the asymmetries
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Table 4. Significance tests for the directional asymmetry, i.e.,
right-left differences in size of tooth crowns in a female sample.

Right Left Difference (R—L)
Sample
size Mean S.D. Mean S.D. Mean S.D. t-value
MD of UIl 142 8.45 .49 8.44 .48 .02 .20 1.08
UI2 142 6.94 .61 6.86 .59 .08 .30 3.20%%
ucC 137 7.71 .45 7.73 .43 —.02 .20 —1.33
UP1 142 7.36 .45 7.35 .41 .01 .18 0.40
UP2 120 6.86 .39 6.85 .40 .02 .21 0.89
UMI 137  10.31 .47 10.27 .49 .04 .23 2.13%
UM2 89 9.62 .47 9.52 .47 .10 .38 2.43*
LI1 122 5.37 .34 5.41 35 —.04 A5 —2.79%*
LI2 127 5.99 .39 6.01 .38 —.02 .16 —1.40
EC 141 6.71 .38 6.68 .39 .03 .19 2.04*
LP1 141 7.19 .43 7.16 .45 .03 w22 1.55
LP2 121 D17 .45 7.20 .43 —.03 .24 —1.26
LM1 135 11.26 53 11.23 .53 .03 .26 1.45
LM2 61 10.43 .53 10.41 .58 .02 =32 0.49
BL of UPI 141 9.33 .60 9.32 .58 .01 .26 0.60
UP2 119 9.10 .55 9.11 .57 —.01 .29 —0.27
UMI1 130 11.33 .50 11.39 .54 —.06 .32 —2.02%
UM2 51 11.03 .64 10.99 .63 .04 .33 0.88
LP1 141 7.84 .56 7.81 .55 .04 25 1.70
L.P2 123 8.34 .49 8.32 .49 .02 25 0.93
LMI1 135  10.72 .58 10.70 .56 .02 21 0.92
LM2 65 10.04 i55 10.09 35 —.05 .28 —1.52

* P<0.05;** P<0.01; *** P<0.001, by the two-sided #-test for the null hypothesis that a popula-
tion mean is zero.

of the maxillary first molar and the relevant tooth. The second method is the principal
component analysis of a correlation matrix for ordinarily signed differences between
the right and left sides. This clearly indicates the presence of correlated asymmetries
in a complex of tooth crown diameters in the form of the covariance with the common
factors extracted (the effect of directional asymmetry, if any, is automatically eliminated
when the correlation coeflicients are estimated, and fluctuating asymmetry inherent to
each diameter is expressed as the residual variance in the diameter).

All the calculations for statistical analysis were executed with the HITAC M680H/
M682H System of the Computer Centre, the University of Tokyo. Basic statistics
such as means and standard deviations were calculated by the use of the BSFMD
program. STUDENT’s f-test, the chi-square test, the analysis of variance and the
principal component analysis were performed by using the programs STSTBT, X2TST,
MIVCRL and PCAFPP, respectively. All the programs used here were written in
FORTRAN by the present author.
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Table 5. Covariances between the principal components extracted from
the standardized variance-covariance matrices of two kinds, which
are related to the symmetrical and asymmetrical parts of tooth
crown diameters, and the original variables in a male sample.?

PCA of symmetrical part PCA of asymmetrical part
Contri- Contri-
PC bution PC bution

of Total — of Total

3 PC vari- PC1 vari-

1 11 111 (%) ance 1 (%) ance

MD of Ull .70* .30 —.21 62.3 .9993 —.03 100.0 .0007

U2 .40%* 41*% —.34*% 446 .9950 —.07* 100.0 .0050

ucC .66* 22 —.33*  59.0 1.0000 .01 100.0  .0000

UPI .80* —.11  —.22 70.8 .9996 .02 100.0 .0004

UP2 J73% — .10 .00 54.1 19991 —.03 100.0 .0009

UMI1 .70* .29 .48*%  80.4 .9979 —.05 100.0 .0021

LI1 LT 47 — .14 74.0 19912 .09* 100.0 .0088

LI2 .61* .43%  — 18 59.5 .9967 .06% 100.0 .0033

LC LT .25 —.23 62.2 .9991 —.03 100.0 .0009

LP1 .76* —.15  —.08 60.3 .9985 —.04 100.0 .0015

LP2 .75%  —.05 .22 60.8 .9958 .07* 100.0 .0042

LMI .61% .33% .53*% 7501 .9997 —.02 100.0 .0003

BL of UPI .69*% — .46 —.21 72.7 19997 —.02 100.0 .0003

UuP2 JT5% 0 — . 42% .01 72.9 .9996 —.02 100.0 .0004

UMI .76* .02 37% 0 72.4 .9996 .02 100.0 .0004

LP1 .61*  — .55 — .16 69.8 1.0000 .00 100.0 .0000

LP2 3% — 45% .01 73.9 .9948 —.07* 100.0 .0052

LMI 1% — 14 .33*  62.6 .9972 —.05* 100.0 .0028

Total variance 8.6361 1.9218 1.2975 66.0 17.9628 .0372  100.0 .0372

Total contribution

(%) 48.1 10.7 7:2 66.0 100.0 100.0 100.0 100.0
Cumulative proportion

(%) 48.1 58.8 66.0 66.0 100.0 100.0 100.0 100.0

1 The sample consists of 90 individuals with a set of intact teeth for all the measurements.
* Covariance greater than 0.30 for the symmetrical part or 0.05 for the asymmetrical part in
absolute value.

Results

The significance of the fluctuating asymmetry, i.e., mean intrapair variances
between the two sides in the tooth crown diameters is tested on the basis of the mean
measurement error variances calculated from the double determination data of both
right and left teeth (Table 1). These tests demonstrated the presence of significant
fluctuating asymmetry in all the tooth crown diameters examined but the mesiodistal
diameter of the male mandibular canine. In passing, a mean intrapair variance, as
listed in Table 1, is equal to half of the variance of the difference between the two
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