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Association of Twin Zygosity With the Mean and 
Variance of Tooth Size 
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t o search for an association of twin zygosity with tooth size, 56 dental variables measured 
from 65 pairs of twins (43 MZ, 22 DZ) were studied. Results of the t' test for equality of 
the means showed no association of zygosity with any of the variables in males or in fe
males. Results of the F' test for homogeneity of total variances between zygosities showed 
evidence for unequal total variances in 15 variables in males and 13 in females. Sex influ
ence was further noted on the association of zygosity with the variance of tooth size. 
Where total variances were unequal, genetic variance estimates differed when only the 
within-pair mean squares were used and when combined estimates designed to be unbiased 
by differences in environmental variances were used. 
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INTRODUCTION 

The classical twin model that involves comparison of the within-pair differences in mono
zygotic (MZ) and dizygotic (DZ) twins has been used traditionally in genetic studies of 
dental traits, including tooth size. This procedure is based on the implied assumption that 
environmental variances of the two twin types are equal, where the term "environmental 
effects" encompasses all nongenetic effects such as cytoplasmic inheritance, maternal 
genotype, prenatal, postnatal, maternal, and developmental factors. There is increasing 
evidence that twins are subject to stresses that are unique to the twinning process itself, 
which may well constitute a further source of variance in twin data. 

The critical test for equality of environmental variances of the two twin types is a test 
for homogeneity of total variances [2]. Strictly speaking, the MZ-DZ within-pair com
parison cannot be applied if there is evidence that the total variances differ between zy
gosities. The documentation of the total variance of MZ and DZ twins in genetic and 
heritability estimates of tooth size is usually either ignored or concealed by the use of 
correlation coefficients. 

Recently, Christian [4] reported that in the National Heart, Lung and Blood Institute 
(NHLBI) Collaborative Twin Study, 15 out of 31 quantitative traits had evidence for un-
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equal total variances in MZ and DZ twins. In addition, Reed et al [8] reported similar 
evidence for 21 out of 71 dermatoglyphic variables. Moreover, in several traits where sig
nificant genetic variation was obtained by comparing DZ-MZ within-pair variances and 
ignoring any heterogeneity of total variance, the genetic variation was no longer evident 
when an estimate unbiased by different environmental variances of MZ and DZ twins was 
used. It appears, then, that in twins, once thought to provide the strongest evidence for 
genetic influences on a number of biological variables, these influences may be obscured 
by environmentally caused differences in the total variances of MZ and DZ twins. It is 
therefore possible that the association of a twin type with quantitative dental traits may 
likewise be relatively common and certainly should be searched for. 

Another level of association of twin type with a trait could be with the means. There 
are few data in the literature showing such associations. Havlik et al [5] reported that 
four of 11 clinical chemistry values showed evidence for inequality in MZ and DZ means 
in the NHLBI twin study. To our knowledge no previous dental twin studies had compared 
the means of the trait between zygosities. 

The purpose of this study was to search for the association of twin zygosity with the 
mean and variance of tooth size. 

METHODOLOGY 

Dental casts recorded from 65 pairs of Caucasian twins from the Indiana University twin panel were 
used as the sample; 32 pairs were male and 33 were female. Among the male twins, 18 were MZ and 14 
were DZ pairs. Among the female twins, 25 were MZ and eight were DZ pairs. Zygosity was determined 
by serologic and dermatoglyphic data. Mesiodistal and buccolingual measurements were obtained from 
the dental casts for each of the 28 teeth of the secondary dentition, excluding the third molars, making 
a total of 56 tooth size variables that were studied. Measurements were obtained with a semiautomated 
electronic caliper system. 

To determine if sex influences the association of twin zygosity with tooth size, all analyses were 
separately performed for males and females. 

To test for equality between MZ and DZ twins in the means of each of the 56 variables studied, the 
t' test based on the nested (hierarchical) structure of twin data proposed by Christian and Norton [3] 
was used. In this mixed model, the analysis of variance involved a hierarchy consisting of zygosities 
(fixed effect), twin pairs within zygosities (random effect), and the two members within twin pairs 
(random effect), in that order. The statistical test comparing between zygosities therefore used only 
the among-pair mean squares of MZ and DZ twins as the error term, because the two members of a 
twin pair could not be considered independent of each other. Since the expected values of the mean 
squares among pairs are theoretically heterogeneous between zygosities [2 ] , the "no pooling" proce
dure was used in calculating for the error term of the t' tests, and the degrees of freedom were ap
proximated. 

To test for homogeneity of total variances between zygosities, the F' test [2 ] , comparing the sum 
of the mean squares within and among the DZ pairs with the corresponding sum for MZ pairs, was 
performed for each tooth size variable. First, the one-way analysis of variance was performed sepa
rately for the MZ and DZ sets to provide the mean squares. The larger sum of mean squares was used 
as the numerator of a two-tailed F' test and the probability level double that shown in the usual F 
tables. The numerator and the denominator degrees of freedom were approximated after Christian 
etal [2] . 

RESULTS 

Results of comparisons of means in Table 1 showed no association of the type of twin

ning wi th any of the 56 mean t o o t h size values. 
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Results of comparisons of total variances in Table 2 for males and in Table 3 for fe
males demonstrated that, out of 56 tooth size variables, 15 in males and 13 in females 
have evidence for unequal total variances. Among male twins, eight variables were signifi
cant at the 0.05 probability level or less, and seven variables were significant at the 0.20 
level or less. Among female twins, four variables were significant at the 0.05 probability 
level or less, and nine variables were significant at the 0.20 level or less. The 0.20 proba
bility level was included because this F' test of total variance is a relatively insensitive 
test in the presence of genetic or environmental variance that is common to both MZ 
and DZ twins. 

Tables 2 and 3 further suggest a sex influence in the pattern of association of twin 
zygosity with the variance in tooth size. Heterogeneity of total variance was exhibited 
primarily in the males among the upper anterior teeth and the lower posterior teeth, but 
in the females among the lower anterior teeth. In addition, all variables in males that 
showed unequal variances were not the same variables as in the females, except for the 
mesiodistal dimensions of the two lower first molars. Even in these two variables, males 
exhibited a larger total variance in the DZ twins, but the females exhibited a larger total 
variance in the MZ twins. Males showed a larger total variance in the DZ category for 14 
out of the 15 specified variables where variance inequalities were detected. In the females, 
however, it was the MZ category that showed a larger total variance for all of the 13 vari
ables in question. 

In either sex, variables demonstrating heterogeneity in total variances were further ex
plored to determine the source of such heterogeneity. The DZ and MZ sets were compared 
with respect to their among- and within-pair mean squares using a two-tailed F test. Re
sults of comparisons are shown in Table 4. In the males, both the within-pair and among-
pair mean squares were generally larger in the DZ twins. Results for females showed that 
most variables exhibited a larger DZ within-pair mean square than MZ twins and the among-
pair mean square is larger in the MZ than in the DZ pairs, as would be expected if genetic 
variance were present. 

To probe further the effect on genetic variance estimates of the association of twin zy
gosity with the variance when only the within-pair mean squares are used, the traditional 
within-pair F tests were computed for the variables in question, as shown in Table 5. Side 
by side are shown F' tests in the genetic analysis using the combined among-pair and 
within-pair estimate of the genetic variance, an estimate that is unbiased by significantly 
different environmental variances of MZ and DZ twins [2]. Both F and F' tests in Table 5 
are one-tailed because the expected value of the numerator is greater than that of the de
nominator in the presence of genetic variance. It can be seen that in males, after correcting 
for bias in variance heterogeneity, genetic variance was no longer manifest, the reason being 
that the among-pair mean square was larger in the DZ than in the MZ twins. In females, 
the opposite was true in that the among-pair mean square was larger in the MZ than in the 
DZ twins, so that the combined estimate of genetic variance showed either the same or 
higher levels of significance. Some variables in females did show striking differences in 
genetic variance estimates between the two methods. Table 5 demonstrates clearly that 
in the presence of heterogeneity of the total variances, estimates of genetic variance were 
biased when the within-pair component was used alone, the direction of bias being depen
dent upon the relative magnitudes of the among-pair and within-pair mean squares in the 
MZ and DZ categories. 
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DISCUSSION 

If there is an association between the type of twinning and a trait being studied, the esti
mate of genetic variance for this trait may well be biased. Such association could become 
manifest in inequality either of the means or of the variances between zygosities. 

If the means differ between zygosities, further genetic analysis using MZ and DZ twins 
is unwarranted, one reason being that genetic variances may not be equal between the 
twin types. No differences in the means of tooth size were found between MZ and DZ 
twins, so that we may assume that, for each variable, the two twin types belong to distri
butions with the same location along the scale and we may proceed with further variance 
analysis. 

In spite of the small sample size, our results have indicated that the assumption of ho
mogeneity of total variances may not be tenable for approximately one-fourth of the 
tooth size variables studied in either males or females, more than what we would expect 
from chance occurrence alone. Generally, a large number of twins is necessary to detect 
a difference because of the relatively low sensitivity of the F' test used. It is therefore 
possible that with a larger twin sample more or different tooth size variables may further 
be detected to exhibit total variance heterogeneity. 

In the relatively common situation where MZ and DZ group means do not differ sig
nificantly but the total variances exhibit heterogeneity, the most likely cause is unequal 
environmental influences in the two types of twins [6]. These results therefore constitute 
evidence that a most basic assumption of environmental variance equality in human twin 
studies of tooth size is not tenable and that available genetic variance and heritability es
timates for tooth size are biased. 

The heterogeneity of total variances between MZ and DZ twins is observed to be con
centrated on the mesiodistal dimensions of the upper anterior teeth in males and on the 
same dimensions but of the lower anterior teeth in females, suggesting a possible sex in
fluence on the association of twin type with the total variance. This finding is further 
strengthened by comparing among-pair as well as within-pair variances between MZ and 
DZ twins. Both males and females generally show larger DZ than MZ within-pair mean 
squares, as expected, but the sexes differ markedly with respect to the relative magnitudes 
of the among-pair mean squares between MZ and DZ twins. Sex influences, therefore, tend 
to confound the variance heterogeneity of these tooth size variables to bias seriously re
sults of twin studies where sex effects have not been accounted for. This kind of bias is 
further demonstrated in Table 5. Where total variances are unequal, genetic variance esti
mates differ markedly when within-pair variance estimates are compared with the esti
mates combining within- and among-pair mean squares. 

Two important implications in twin studies of tooth size arise from these results. First, 
among-pair sex differences should be accounted for. Second, preliminary tests of means 
and total variances should be performed. These data preliminarily indicate the possibility 
of different environmental influences on tooth size development between zygosities. 
Boklage et al [1] and Potter and Boklage [7] have shown multivariate differences be
tween zygosities regarding symmetry development as well as differences in the within-
individual correlations for the same dental variables. Further study of these differences 
may lead to important discoveries of factors determining tooth size. 
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TABLE 5. One-Tailed F Tests for Presence of Genetic Variance Using Within-Pair Mean Squares 
Alone (F) and Combined With Among-Pair Mean Squares (F'J, for Those Variables Exhibiting 
Heterogeneity of Total Variances* 

Male 
Upper right 

Upper left 

Lower right 

Lower left 

Female 
Upper right 

Upper left 
Lower right 

Lower left 

11 MD 
12 MD 
12 BL 
C MD 
M1MD 
11 MD 
12 BL 
C MD 
M1MD 
P2 MD 
M1MD 
M1BL 
P2 BL 
M1MD 
M1BL 

PI MD 
P2 BL 
M2MD 
11 MD 
11 BL 
12 MD 
12 BL 
M1MD 
11 MD 
12 MD 
12 BL 
C MD 
M1MD 

Within-pair estimate 

F a 

8.93 
7.34 
1.20 

10.46 
3.94 
6.09 
2.45 
3.79 
1.62 
2.46 
3.85 
1.33 
3.64 
5.17 
1.46 

2.61 
2.87 
0.26 
1.95 
2.63 
0.61 
3.05 
1.28 
2.84 
1.18 
2.05 
1.32 
0.36 

p b 

< 0.001 
< 0.001 

< 0.001 
< 0.005 
< 0.001 
<0 .05 
< 0.005 

<0 .05 
< 0.005 

< 0 . 0 1 
< 0.001 

<0 .05 
< 0.025 

<0 .05 

< 0.025 

< 0.025 

Combined estimate 

F ' c 

0.74 
0.91 
0.61 
0.79 
0.65 
0.88 
0.67 
0.80 
0.58 
4.03 
0.60 
0.41 
0.77 
0.71 
0.46 

4.59 
3.50 
1.66 
2.71 
5.11 
5.83 
4.39 
2.23 
3.67 
5.34 
4.26 
2.35 
1.93 

p b 

< 0.005 

< 0.005 
< 0.025 

<0 .05 
< 0.001 
< 0.001 
< 0.005 

< 0.025 
< 0.001 
< 0.005 

*See Table 4 for mean square values. II and 12 = central and lateral incisors; C = canine; PI and P2 : 

first and second premolars; Ml and M2 = first and second molars; MD = mesiodistal dimension, BL : 

buccolingual dimension. 
a F = Within-DZ mean square / Within-MZ mean square. 

Probability level of 0.05 or less is used for both F and F' tests. 
C F ' = (Among-MZ mean square + Within-DZ mean square) / (Among-DZ mean square + Within-MZ 
mean square). 
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