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Tooth Crown Characters on the Lingual Surfaces of the Maxillary
Anterior Teeth: Analysis of the Correlations by
the Method of Path Coeflicients
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Any morphological characters are attributable to either of two categories in a
viewpoint of “parts and the whole.” Namely, one is elementary or primitive char-
acters and the other, the total compound characters consisting of the elementary ones.
Of course, the former may further be partitioned into several more fundamental
characters in the other viewpoint. Among these characters, in general, there are
some interrelations. This is probably because they are partly controlled by the
common genes and/or the common environment through their developmental proc-
esses. By analyzing these interrelationships, the degree of influences of individual
elementary characters and of their interactions on the total compound characters may
be determined.

HRDLICKA (1921) said, with regard to dental characters, “The ridges and de-
pression on the crowns and also on the cusps of the teeth are fixed, not incidental char-
acteristics. They vary in detail, but recur typically and in the same locations. ...
And they appear not only on the incisors, but also on the canines, premolars and
molars.” His statement seems to be true also at the present time. Their funda-
mental shapes are already determined at the stage before their calcification in the
developmental process (KRAUS and JORDAN, 1965; OoE, 1968). Then their shapes
are modified through the calcification stages to the complete condition as seen in the
oral cavity. As regards the shovelling, one of the dental characters produced through
such a developmental process, SAKAI et al. (1965, 1967) and Suzuki and SAKAI (1966)
emphasized that the shovelling of the anterior teeth was not an independent character
but a final phenotype caused by relative or absolute degree of the developmental or
morphological variations of many characters in the lingual surfaces. The mesiodistal
dimensions of tooth crowns are also similarly compound characters in such a vewpoint.

In this article, there are two purposes. One is to systematically show the dis-
tributions of the small tooth crown components on the lingual surfaces of the
maxillary anterior teeth in Japanese. Another is to determine the degree of influences
of the small crown components such as the lingual ridges, on the mesiodistal dimension
and on the shovelling in each maxillary anterior tooth. For carrying out the second
purpose, the path analysis is utilized in the present study. Since 1918, WRIGHT has
developed the method of path coefficients as a flexible means of relating the correlation
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coefficients between variables in a multiple system to the functional relations among
them (WRIGHT, 1934). This method is generally applied to a causal system. How-
ever, relations between the morphological elementary characters and the total com-
pound ones are those of “parts and the whole™ rather than those of “‘cause and effect.”
Both kinds of the characters studied here are the final results of the development. In
the path analysis, all of the paths from exogenous variables to endogenous variables
must be assumed as a one way process, but the path coefficients are, in fact, standard
partial regression coefficients (L1, 1956; KEMPTHORNE, 1969; YASUDA, 1969). There-
fore, whether there are what are called causal relations among them or not, the path
analysis can be applied to a system of the small component and the total compound
characters, if any contribution of the parts to the whole is regarded as that in one
direction. It is not easy, however, to know whether the relationship between each
small tooth crown component and the mesiodistal dimension or the shovelling is due
to a one way action or due to their interaction. Although the method of path
coefficients is applied to the system of tooth crown characters in this paper, it should
be kept in mind that the anaylsis is effective only under the above assumption of the
one way action of the exogenous variables on the endogenous ones.

Materials

Materials are the dental plaster casts derived from 179 males and 168 females in
Tokyo and its surrounding areas. These are part of the collections obtained in
1950’s by the project team for general twin studies aided by Science Foundation, the
Ministry of Education of Japan, and now stored in the Department of Anatomy, the
University of Tokyo. Only one member of each twin pair was used for this study.

Another sample of 61 individuals from Okinawa was used in order to check the
observational error. This is part of the collections of dental plaster casts obtained
by Prof. K. HANIHARA of the Department of Anthropology, the University of Tokyo.

Observations were carried out by the present writer on the right maxillary
incisors and canines.

Methods

Methods of observation

The mesiodistal dimensions of tooth crowns were measured according to
FuiitaA’s (1949) criteria with a sliding caliper with an accuracy of 0.05 mm.

The morphological characters in tooth crowns were classified into four
categories on the basis of the extent of development in their continuous expression.
Those non-metrical characters studied here are the shovelling, five lingual ridges, and
three spines derived from the lingual tubercle in each maxillary anterior tooth (Fig. 1).

The shovelling was observed according to HRDLICKA’s (1920) criteria. All of the
five lingual ridges, i.e. the central ridge, the mesial and distal accessory ridges, and
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Fig. 1. Schematic diagram of the lingual surfaces of the upper right anterior teeth
(Modified from Fusita, 1973)

the mesial and distal marginal ridges, were classified according to HANIHARA’s (1955)
criteria as follows:
0: none at all,
1: traceable or weak ridge,
2: swollen ridge with relatively distinct contour,
3: highly-developed and pronounced ridge.
All of the three spines from the lingual tubercle were classified on the basis of
HRDLICKA’s (1921) description on the lingual tubercles or basal tuberosity as follows:
0: none at all,
1: elevated ridge from the heel or basal tuberosity, prolonged to and tapering
out on the lingual surface,
2: bud or point, the lingual accessory cuspule projecting from the heel instead of
ridges,
3: lingual cusp reaching near or to the cutting edge of the tooth.

Assessment of observational error

For the mesiodistal dimensions, the mean measurement error variances have
already been calculated (MizoGucHi, 1977a) by the double determination method
(LUNDSTROM, 1948; OSBORNE et al., 1958). Based on these, it was assessed whether
the intra-observer error was negligible compared with the total variance of each tooth
dimension.

In the case of non-metrical tooth crown characters, the frequencies of within-pair
discordances of double observations on the same sample of 61 individuals were
calculated. The interval between two observations was about eight months.

Path analysis
Path analysis was suggested by WRIGHT in 1918 (WRIGHT, 1934) and has been
developed for clarifying the causal systems among organic phenomena. In general,
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Fig. 2. Path diagram for the case of two endogenous and n exogenous variables

the variables dealt with in the path analysis must be quantitative variables and be
written in the form of a regression equation. Although most of the characters ob-
served in this study are non-metrical ones, the correlation coefficients between them
were estimated by the tetrachoric correlation method (PEARSON, 1900; EVERITT, 1910;
MizoGucHI, 1977b) on the assumption that such non-metrical characters were essen-
tially continous or quantitative variables showing the normal distribution, at least, in
the underlying conditions. The path analysis can be applied to a set of such tetra-
choric correlation coefficients between those characters observed here.

A model of the causal diagram adopted for the tooth crown characters has two
endogenous and several exogenous variables as shown in Fig. 2, where correlations
between the variables are indicated by two-headed arrows connecting them, and one
way processes in the causal system are expressed by one-headed arrows. According
to WRIGHT (1934), L1 (1956), YAsuDA (1969) and KEMPTHORNE (1969), the following
regression equations can be set up for this model.

Y=py1 Xi+pr:Xot+ . .. +PvuXot 0y Xy,

Z:Ple‘f’PszzJF ot P2 Xt P20 X,
where Y and Z are endogenous or dependent variables; X, X,, ..., X, are exogenous
or independent variables; X, and X, are the residual variables uncorrelated with each
other and with n exogenous variables but acting on the endogenous variables, Y and
Z, respectively; and py1, Pyz, -« -5 Pras Prus @0d Pyi, Proy ...y Dzn, Pze are path co-
efficients from X, (i=1, 2, ..., n, u or v) to Y and Z, respectively, in the causal
system. The X’s, Y and Z are all standardized variables by the respective standard
deviations. By taking the expected values of those right-hand and left-hand sides of

the equations (1) multiplied by X,, the following formulae can be obtained (YASUDA,
1969):

€]
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where ry, or ry, is a correlation coefficient between an endogenous variable, Y or Z,
and an exogenous variable, X,, and r,, is a correlation coefficient between two exogenous
variables, X; and X,. In the same way, regarding Y or Z as X,

n
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n
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where ryy and r,, are the respective standardized variances of Y and Z, and ry, or ry;
is a correlation coefficient between Y or Z and X,. From these equations, the path
coefficients can be obtained. Further, the complete determination of an endogenous

variable by exogenous variables and a residual variable can be expressed as follows
(KEMPTHORNE, 1969):

1=pyi+pYet ... +PVut ZP)'[P)'j”ij+P§'u,

2)
l=po +ph+ ... +P2a +§jp2ipz]-r,:j+p%v.
The quantities p%, or p%, are called coefficients of determination which measure the
proportion of the variance of Y or Z attributable to X, (WRIGHT, 1934; KEMPTHORNE,
1969). The remaining terms except the squared path coefficients in the above formulae
(2) measure the change in variance (positive or negative) due to correlated occurrence
of the contributions of the exogenous variables (WRIGHT, 1934).

The correlation between the two endogenous variables, Y and Z, is considered,
in the path analysis, to be caused by only the common part of the network of
causation behind them. It can be analyzed into some compound path coefficients
as expressed below (WRIGHT, 1934; Li, 1956; YASUDA, 1969; KEMPTHORNE, 1969):

Lyiz=— Z PriPzit ;_P)'t"ij[)zj»
i et ]

where ry, is a coefficient of correlation between the two endogenous variables, Y and
Z. The correlation coefficients estimated by the above formula are comparable with
the directly observed correlation coefficients between the endogenous variables.

Methods of calculation

All the calculations involved in this paper were done using the programs CLASS,
TETRAC and PATHAN written in FORTRAN with the computer, HITAC 8800/8700
(OS-7), of the Tokyo University Computer Centre, the University of Tokyo. All
the programs were coded by the present writer. CLASS tests the homogeneity of two
series of samples in a two-by-two contingency table by FISHER’s exact method.
TETRAC, utilizing a subroutine subprogram NORMAL which is contained in the
PLASY program library and for the calculation of cumulative probabilities of the

1) Programﬁbrary for Antﬁropological Statistics (ed. K. HANIHARA, 1974).
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normal distribution, computes tetrachoric correlation coefficients between non-metrical
characters. The program PATHAN is for the path analysis of a model with one or
two endogenous variables.

Results

Basic statistics on tooth crown characters

The frequencies of four expressivities in each of the non-metrical tooth crown
characters of the maxillary anterior teeth in Japanese males and females are shown in
Tables 1, 2 and 3. Table 4 indicates the percent discordances between the double
observations on the same sample by the writer himself. The percent discordance on
each character was calculated after the four expressivities were grouped into two
categories. The best position of a dividing plane was selected of the three possible
positions between four expressivities in favor of estimating the best tetrachoric
correlation coefficient in each case (MizoGucHI, 1977b). From Table 4, it is found
that the intra-observer discordances range from 0.09; to 23.7 9.

Between-sex differences in frequency were tested by FISHER’s exact method divid-
ing the sample into two groups for the same reason as the above. The results are
shown in Table 5. Of the characters observed here, the shovelling of the canine, the
mesial and distal accessory ridges of the lateral incisor, the distal marginal and distal

Table 1. Frequencies of tooth crown characters on the lingual surfaces
of the maxillary central incisors in Japanese

Expressivity (%)

Character Sex  No. 0 1 2 3
Central ridge M 158 36.08 58.23 5.70 0.00
F 151 43.71 53.64 2.65 0.00
Mesial accessory ridge M 160 73.75 25.63 0.63 0.00
F 155 67.74 31.61 0.65 0.00
Distal accessory ridge M 159 62.89 35.85 1.26 0.00
F 151 56.29 43.05 0.66 0.00
Mesial marginal ridge M 165 0.00 13.33 76.97 9.70
F 159 0.63 10.06 79.25 10.06
Distal marginal ridge M 169 0.00 7.10 80.47 12.43
F 157 0.00 5.10 83.44 11.46
Central spine of the lingual tubercle M 144 86.11 13.89 0.00 0.00
F 141 80.85 19.15 0.00 0.00
Mesial spine of the lingual tubercle M 153 77.78 22.22 0.00 0.00
F 147 78.91 21.09 0.00 0.00
Distal spine of the lingual tubercle M 151 64.90 34.44 0.66 0.00
F 147 62.59 37.41 0.00 0.00
Shovelling M 88 1.14 18.14 44.32 36.36
F 87 2.30 14.94 44 .83 37.93
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Table 2. Frequencies of tooth crown characters on the lingual surfaces
of the maxillary lateral incisors in Japanese
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Expressivity (%)

Character Sex No 0 1 2 3
Central ridge M 157 74.52 23.57 1.91 0.00
F 154 73.38 26.62 0.00 0.00
Mesial accessory ridge M 158 85.44 14.56 0.00 0.00
F 150 73.33 26.67 0.00 0.00
Distal accessory ridge M 161 83.85 16.15 0.00 0.00
F 152 71.71 28.29 0.00 0.00
Mesial marginal ridge M 166 0.60 10.84 82.53 6.02
F 156 0.00 10.90 86.54 2.56
Distal marginal ridge M 168 0.00 7.14 86.90 5.95
F 155 0.00 7.10 90.32 2.58
Central spine of the lingual tubercle M 124 91.94 4.03 4.03 0.00
F 116 94 .83 2.59 2.59 0.00
Mesial spine of the lingual tubercle M 140 93.57 5.00 1.43 0.00
F 129 91.47 8.53 0.00 0.00
Distal spine of the lingual tubercle M 145 83.45 14.48 2.07 0.00
F 129 82.95 15.50 1.55 0.00
Shovelling M 89 1.12 23.60 42.70 32.58
F 87 8.05 18.39 42.53 31.03
Table 3. Frequencies of tooth crown characters on the lingual surfaces
of the maxillary canines in Japanese
Expressivity (%)
Character Sex No. 0 1 2 3
Central ridge M 132 2.27 78.79 15.91 3.03
F 139 3.60 76.26 20.14 0.00
Mesial accessory ridge M 120 57.50 40.83 1.67 0.00
F 133 57.89 37.59 4.51 0.00
Distal accessory ridge M 122 6.56 28.69 64.75 0.00
F 136 9.56 38.97 51.47 0.00
Mesial marginal ridge M 123 0.00 8.13 91.06 0.81
F 135 0.00 5.19 94 .81 0.00
Distal marginal ridge M 110 0.91 27.27 71.82 0.00
F 132 0.00 15.15 84.85 0.00
Central spine of the lingual tubercle M 104 54.81 34.62 10.58 0.00
F 125 66.40 29.60 4.00 0.00
Mesial spine of the lingual tubercle M 113 97 .35 2.65 0.00 0.00
F 131 87.79 11.45 0.76 0.00
Distal spine of the lingual tubercle M 106 83.96 16.04 0.00 0.00
F 122 82.79 17.21 0.00 0.00
Shovelling M 128 85.16 12.50 2.34 0.00
F 139 71.94 20.86 5.04 2.16
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Table 4. Percent discordances between double observations on the tooth
crown characters of the maxillary anterior teeth

Expressivities Discordance
Character grouped together No. (%)
Central incisor:
Central ridge L 2 3 59 23.73
Mesial accessory ridge 1, 2,3 57 21.05
Distal accessory ridge 1; 25 3 59 22.03
Mesial marginal ridge 2,3 54 5.56
Distal marginal ridge 3 59 10.17
Central spine 1, 2, 3 47 8.51
Mesial spine 1; 2,3 49 8.16
Distal spine 1, 2, 3 50 6.00
Shovelling 3 56 10.71
Lateral incisor:
Central ridge 1, 2,3 58 17.24
Mesial accessory ridge 1, 2, 3 58 15.52
Distal accessory ridge 1, 2, 3 58 10.34
Mesial marginal ridge 2,3 57 0.00
Distal marginal ridge 2 3 59 1.69
Central spine 1, 2,3 35 8.57
Mesial spine 1, 2, 3 46 8.70
Distal spine 1,2, 3 44 11.36
Shovelling 3 57 12.28
Canine:
Central ridge 2,3 58 17.24
Mesial accessory ridge 1; 2.3 56 12.50
Distal accessory ridge 2,3 57 14.04
Mesial marginal ridge 2; 3 57 1.75
Distal marginal ridge 2,3 51 13.73
Central spine I 2 3 52 9.62
Mesial spine 1, 2, 3 51 1.96
Distal spine 1, 2; 3 49 12.24
Shovelling 1,2, 3 57 3.51

accessory ridges of the canine, and the central and mesial spines from the lingual
tubercle of the canine showed the significant sex difference at the 59, level.

In Table 6, the mesiodistal dimensions of the maxillary anterior teeth are shown.
The sex differences in the mesiodistal dimensions were ascertained by the z-test to be
significant at the 5% level for all of the three anterior teeth. Coefficients of variation
indicate that, of the three teeth, the lateral incisor is most variable in both males and
females and that the teeth of females are generally more variable than those of males.
Table 7 shows that the intra-observer measurement error variances are negligible for
all of the three teeth.
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Table 5. Between-sex differences in incidence of the tooth
crown characters in the maxillary anterior teeth

No.
Expressivities
Character Male Female grouped together Probability"
Central incisor:
Central ridge 158 151 1,2, 3 0.1043
Mesial accessory ridge 160 155 12 3 0.1469
Distal accessory ridge 159 151 1.2, 3 0.1418
Mesial marginal ridge 165 159 2.3 0.2883
Distal marginal ridge 169 157 3 0.4623
Central spine 144 141 52 3 0.1498
Mesial spine 153 147 by 2 0.4608
Distal spine 151 147 1,2 3 0.3823
Shovelling 88 87 3 0.4796
Lateral incisor:
Central ridge 157 154 1, 2, 3 0.4592
Mesial accessory ridge 158 150 1, 2, 3 0.0062%*
Distal accessory ridge 161 152 1, 2, 3 0.0070*
Mesial marginal ridge 166 156 2; .3 0.5088
Distal marginal ridge 168 155 2.3 0.5798
Central spine 124 116 1 2 8 0.2627
Mesial spine 140 129 1 2; 3 0.3358
Distal spine 145 129 1, 2, 3 0.6077
Shovelling 89 87 3 0.4788
Canine:
Central ridge 132 139 2, 3 0.4614
Mesial accessory ridge 120 133 1, 2.3 0.5741
Distal accessory ridge 122 136 2,3 0.0209*
Mesial marginal ridge 123 135 2, 3 0.2415
Distal marginal ridge 110 132 2. 3 0.0103*
Central spine 104 125 1; 253 0.0490*
Mesial spine 113 131 1 2,3 0.0043*
Distal spine 106 122 1, 2, 3 0.4772
Shovelling 128 139 1 243 0.0065*

7 i) Isrobébility by FISHER’s exact Wtest in a two-by-two contihgency table. -
* Significant at the level of 5% or less.

Table 6. Means, standard deviations and coefficients of variation of the mesiodistal
dimensions (in millimeter) of the maxillary anterior teeth

Male Female

No. Mean S.D. Coef.var. No. Mean S.D. Coef. var.

Central incisor 92 8.62 046 528 8 838 0.52 6.23
Lateral incisor 91 7.27 0.57 7.86 8 7.10 0.57  8.03
Canine 67 7.99 0.44  5.51 77 7.64 0.43  5.68
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