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It is commonly appreciated that teeth differ among 
human groups both as regards shape as well as size.  Part 
of this is due to differences in the prevalence and degree 
of crown traits, such as incisor shoveling (Hrdlička, 1920) 
and molar cusp number (Harris and Bailit, 1980), but 
other differences involve the proportionality of crown 
components such as relative cusp sizes (Turner et al., 1991; 
Townsend et al., 2003; Harris and Dinh, 2006)

Two of the prominent races in the United States are 
blacks and whites. The 2000 Census of the U.S. lists self-
assessed proportions of blacks and whites at about 13% and 
65%, respectively. The dental anthropology of American 
blacks is not known as well as for the majority whites, partly 
because blacks are unevenly distributed geographically, 
being concentrated in the Southeast. Anthropological 
dental studies are primarily limited to tooth eruption and 
crown sizes. Studies document the early development of 
teeth in American blacks vis-à-vis American whites. We 
are aware of two studies of the primary dentition (both 
dealing with tooth emergence); both show a precedence of 
American blacks compared to American whites (Ferguson 
et al., 1957; Infante, 1974). The serial study of children 
from Tuskeegee, Alabama (Steggerda and Hill, 1942) and 
national U.S. epidemiological studies have collected data 
on the ages of emergence of the permanent teeth (Garn et 
al., 1972, 1973), but fewer data are available on crown sizes. 
The study by Richardson and Malhotra (1975, 1976) based 
on the Meharry growth study (Nashville, Tennessee) 
probably is the best known and most commonly cited 
study for the permanent teeth of American blacks (n ≈ 
160).  Ferguson et al. (1978; Macko et al., 1979) reported 
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on a sample of blacks (n ≈ 113) from the University of 
Connecticut. Keene (1979) described mesiodistal crown 
lengths in black male U.S. Navy recruits (also Keene, 1967).

As for the primary dentition, Moss and colleagues 
(1966a,b) published data on Liberian (west-central Africa) 
primary tooth sizes, but sample sizes were small (8 to 19 
extracted teeth per type, sexes combined).  Hanihara (1976) 
studied a sample of blacks (n ≈ 65) at the University of 
Chicago.  Vaughan and Harris (1992) described a sample 
of 100 blacks collected at the University of Tennessee.  
Anderson (2005, 2006, 2007) described tooth crown sizes 
of a large sample (n ≈ 1,124) of American blacks from 
Howard University (Washington, D.C.)

To our knowledge, prior studies have been limited to 
the mesiodistal (MD) and buccolingual (BL) dimensions 
themselves, though Hanihara did employ multivariate 
statistics. The purpose of the present study is to compare 
tooth crown shapes—ratios of BL width to MD depth—in 
the primary teeth from samples of American blacks and 
whites from the U.S. Mid-South. This report was stimulated 
by exploratory findings that suggested that blacks have 
significantly different crown indices than whites, and the 
present study explores that finding in more detail.

ABSTRACT:   The purpose of this tooth-size study was 
to compare the crown index—the ratio of buccolingal 
to mesiodistal crown size—in the primary teeth of 
contemporary American blacks and whites. Maximum 
MD and BL drown dimensions were obtained with 
sliding calipers from dental casts of children attending 
the graduate pedodontic and orthodontic clinics at the 
University of Tennessee, Memphis (n = 226). The crown 
index (BL/MD times 100) was calculated for all 10 
tooth types (left and right sides were averaged prior to 
calculation). Only the maxillary first molar exhibited a 
significant sex difference (girls have a higher crown index). 
In contrast, 9 of the 10 tooth types have signficantly higher 

crown indices in blacks than whites.  Analysis of the MD 
and BL crown diameters reveals that the race differencs 
are due exclusively to differences in mesiodistal crown 
lengths; the buccolingual crown breadths do not differ 
between these two races.  Consequently, the crown indices 
are higher in blacks because of their larger MD dimensions. 
Differences in the indices conform to prior findings that 
American blacks have larger tooth crowns than whites 
in both the primary and permanent dentitions, and this 
study shows that the differences are due to the MD not the 
BL crown axis.  Study of the crown components will shed 
light on how the crown shapes differ between these two 
races. Dental Anthropology 2010;23(3):83-88.
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MATERIALS AND METHODS

Full-mouth hydrocolloid casts were taken on children 
in the primary or early mixed dentitions.  These were 
poured immediately in dental stone. Children were 
routine, phenotypically normal children attending the 
graduate pediatric or orthodontic dental clinic at the 
University of Tennessee, Memphis.  Race (either black or 
white) was based on the parent’s self-assessment (Edgar 
and Hunley 2009).

Total sample size was 226 with proportionate samples 
by race and sex. Maximum mesiodistal and buccolingual 
crown dimensions were measured as described by Seipel 
(1946) using sliding calipers with an electronic-readout 
precision of  0.005 mm.  Data were collated in an Excel® 
spreadsheet (Microsoft Corporation, Redmond, WA), and 
then uploaded to JMP® version 9 (SAS Institute Inc., Cary, 
NC) for statistical analysis.

All measurements were obtained twice. When the 
repeated measures differed by more than 0.2 mm, which 
was rare, a third measurement was taken with the two 
closest values being averaged. Teeth were measured on 
both the left and right sides, and analysis is based on the 
left-right averages.

The random component of the intra-observer 
repeatability was calculated using the standard Dahlberg 
statistic:
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where X1i and X2i are the repeated measurements for case 
“i” and n is the number of cases (Dahlberg, 1940) and “ME” 
stands for method error. The Dahlberg statistic is 0.012 
mm.  In other words, the standard error of the technical 
error of measurement (i.e., the error due to variability 
in measuring the teeth) is about one-hundredth of a 
millimeter. This is very small, and it does not account for 
any of the differences claimed to be significant statistically.

TABLE 1. Results of two-way analysis of variance for each of the 10 tooth types testing for a race and/or sex difference in the 
crown index

 Tooth Race Sex Interaction
 type df F P value df F P value df F P value

Maxilla
 i1 1 4.22 0.0421 1 0.01 0.9249 1 0.32 0.5742
 i2 1 11.86 0.0008 1 1.89 0.1714 1 0.62 0.4332
 c 1 0.03 0.8658 1 1.02 0.3139 1 0.29 0.5902
 m1 1 7.97 0.0053 1 11.99 0.0007 1 3.26 0.0728
 m2 1 18.04 <0.0001 1 2.27 0.1336 1 0.00 0.9470
Mandible
 i1 1 10.95 0.0013 1 0.27 0.6031 1 1.84 0.1781
 i2 1 4.66 0.0326 1 0.03 0.8588 1 0.65 0.4220
 c 1 10.50 0.0014 1 0.49 0.4859 1 0.02 0.8890
 m1 1 40.20 <0.0001 1 0.40 0.5302 1 5.36 0.0217
 m2 1 16.18 <0.0001 1 1.83 0.1773 1 0.47 0.4950

Fig 2. Boxplots for the crown index of the lower 
first molar.  This tooth type has the largest F-ratio, and 
“race” accounts for 17% of the total variance. The race-
by-sex interaction for this variable (Table 2) is due to the 
higher crown index in white girls compared to white 
boys, whereas there is no sex difference in the samples of 
blacks. The smaller index in blacks than whites is due to 
their greater MD crown length rather than any difference 
in BL breadth.

E.F. HARRIS AND B.D. BARCOFT
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TABLE 2. Results of one-way ANOVA testing for black-white 
differences in the crown index (sexes pooled)

 Tooth r2 (%) n F ratio P value

Maxilla
 i1 3.25 125 4.13 0.0442
 i2 7.01 148 11.01 0.0011
 c 0.01 182 0.02 0.8816
 m1 4.91 183 9.35 0.0026
 m2 9.49 179 18.57 <0.0001

Mandible
 i1 10.18 108 12.02 0.0008
 i2 3.54 137 4.96 0.0276
 c 5.55 188 10.93 0.0011
 m1 17.57 181 38.16 <0.0001
 m2 7.86 184 15.53 0.0001

In a complementary fashion, the percentage of 
measurement size due to technical error of measurement 
(Sokal and Rohlf, 1991) also was computed. The formula 
is:
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The average difference is 0.18%, meaning that the 
average percent of tooth size attributable to TEM is much 
less than 1% of the tooth’s diameter.

The crown index (e.g., Hrdlička, 1923; Thomsen, 1955; 
Hillson, 1996) is a measure of crown shape based on the 

two commonly-measured crown dimensions, namely 
maximum mesiodistal and buccolingual diameters.  This 
index is buccolingual crown size expressed as a percentage 
of mesiodistal crown size,
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MD







 x 100

A tooth with a large crown index has a buccolingually 
broad crown relative to its mesiodistal length; conversely, 
a small crown index means the tooth is narrow in relation 
to it length.

Analysis relied on analysis of variance (Winer et al., 
1991; Sokal and Rohlf, 1995).  Initial tests used two-way 
ANOVA to evaluate race and sex differences, but sex 
differences are uncommon, so a one-way model was used to 
simplify presentation and recover the degrees of freedom.  
Statistical significance was set at the conventional level 
of alpha = 0.05, and no correction was made for multiple 
comparisons.

RESULTS

Applying two-way ANOVA to the 10 tooth types (Table 
1) disclosed that sex differences are uncommon (only the 
lower first molar), but that black-white race differences 
are prevalent.  Indeed, of the 10 tooth types, only the 
maxillary canine fails to exhibit a significant black-white 
difference in the crown index.  Consequently, “sex” was 
dropped from the model, and the one-way ANOVA results 
(Table 2) produce the same interpretation, namely that the 
crown index is consistently lower in blacks than whites—
that the crowns are mesiodistally longer in blacks than 

Fig. 1. Plot of the crown index, by race and tooth type (sexes pooled).  The index is significantly lower in blacks for 
all tooth types excepting the maxillary canine.  Only the maxillary molars exhibit indices greater than one (where BL 
breadth is larger than MD length).

PRIMARY TOOTH CROWN INDICES
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whites relative to their buccolingual crown widths.  In 
terms of explained variance (r2), the largest F-ratio is for 
the mandibular first molar (Fig. 1), where “race” accounts 
for 17% of the total variance.  This percentage is less than 
10% for the other tooth types.

The patterns of crown indices among tooth types are 
illustrated in Figure 2.  The patterns differ between arches, 
notably because of the high values for the two maxillary 
molars, which are the only teeth with indices above 100% 
(BL breadths > MD lengths).  Based on paired t-tests, the 
index is significantly higher for the upper lateral incisor 
than the adjacent central incisor both in blacks and whites 
(P < 0.0001).  Comparably, the index is significantly lower 
for the upper second molar than the first (P < 0.0001)

The pattern is less consistent in the mandible. 
Evaluated with paired t-tests, the crown index for i1 and 
i2 is virtually identical in blacks (P = 0.996), but there is 
a significant i1-to-i2 drop in the white sample (P = 0.03).  
Between the lower molars, blacks exhibit a significant 
m1-to-m2 increase in the index (P = 0.0003) whereas this 
gradient drops significantly in whites (P = 0.04).

As with any ratio, there are at least three possibilities 
for the race differences in crown indices:  The numerators 
may differ between groups, the denominators may differ, 

or both.  All 20 of the tooth dimensions were surveyed 
(Table 3), and none of the 10 buccolingual dimensions 
was significantly different between blacks and whites.  
In contrast, 7 of the 10 mesiodistal dimensions were 
significantly different between these two groups.  The 
interpretation of differences in the crown index between 
blacks and whites is, thus, greatly simplified; the differences 
in the crown indices are due to blacks possessing teeth that 
are disproportionately long in relation to their buccolingual 
breadths.

DISCUSSION

The crown index has historically been used to 
characterize the width-length relationship of the molars, 
but there is no conceptual reason for this. The index is 
equally informative across all tooth types (e.g., Garcia-
Godoy and Townsend, 1984; Foster and Harris, 2009).

It was unanticipated that the crown indices would 
be statistically identical between boys and girls (Table 1) 
because this suggests that sexual dimorphism does not 
measurably influence tooth shape. The level of dimorphism 
is less in the primary than the permanent dentition (Harris 
and Lease, 2005), but it certainly exists, and some authors 
(DeVito and Saunders, 1990; Zadzińska et al., 2008; Adler 

TABLE 3. Results of two-way ANOVAs testing for race and sex differences in crown size

 Race Sex Interaction Adjusted
 Tooth F P F P F P Percent r2

Mesiodistal
Maxillary
 i1 8.33 0.0046 20.54 <0.0001 1.95 0.1652 19.87
 i2 8.81 0.0035 17.97 <0.0001 7.62 0.0065 15.63
 c 1.15 0.2842 19.20 <0.0001 0.00 0.9759 11.92
 m1 14.32 0.0002 17.20 <0.0001 0.85 0.3581 15.27
 m2 11.77 0.0008 8.35 0.0043 0.30 0.5874 11.09
Mandibular
 i1 8.31 0.0048 9.15 0.0031 0.05 0.8219 16.28
 i2 0.18 0.6714 1.18 0.2802 1.28 0.2595 2.60
 c 0.59 0.4428 8.85 0.0033 0.31 0.5780 6.07
 m1 23.59 <0.0001 6.20 0.0137 2.39 0.1240 16.94
 m2 15.36 0.0001 13.27 0.0004 0.39 0.5348 15.79

Buccolingual
Maxillary
 i1 0.74 0.3898 15.62 0.0001 2.22 0.1385 10.89
 i2 0.75 0.3868 18.99 <0.0001 7.60 0.0066 9.76
 c 1.03 0.3119 9.27 0.0027 0.24 0.6265 4.87
 m1 2.60 0.1087 1.92 0.1674 0.68 0.4105 2.52
 m2 0.17 0.6809 4.77 0.0303 0.27 0.6030 2.75
Mandibular
 i1 0.33 0.5676 3.80 0.0540 1.75 0.1888 7.46
 i2 2.08 0.1518 2.09 0.1505 3.07 0.0822 8.27
 c 4.18 0.0423 3.90 0.0496 0.21 0.6457 3.82
 m1 2.61 0.1080 7.14 0.0082 0.75 0.3868 3.40
 m2 0.18 0.6708 15.01 0.0001 0.01 0.9352 8.64

E.F. HARRIS AND B.D. BARCOFT
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and Donlon, 2010) have explored its use in estimating the 
sex of human remains in forensic settings. The present 
results suggest that, at least by this metric, the larger teeth 
of boys are isometrically enlarged versions of the crown 
shapes in girls.

These results raise the issue of population differences:  
This study found essentially no evidence of sexual 
dimorphism in either the black or white sample. In 
contrast, Margetts and Brown (1978) study of Yuendumu 
Australians found that the indices of primary teeth tend 
to be higher in boys. Garcia-Godoy and Townsend (1984), 
in contrast, found higher indices in girls in their sample 
of Dominican mulatto (black-white) children. These 
population differences discount stereotypes that humans 
are monomorphic. Early extrapolations to all groups (e.g., 
Garn et al., 1967a,b) actually stemmed from the paucity of 
information on racial differences.

Nine of the 10 black-white comparisons by tooth 
type (Table 2) are highly significant statistically. Only the 
maxillary canine has the same shape relationship in the 
two groups.  For all of the other tooth types, blacks have 
a significantly lower crown index. It is well appreciated 
that American blacks have larger crown dimensions than 
whites absolutely—both as regards the primary (e.g., 
Vaughan and Harris, 1992; Anderson, 2005) and permanent 
(Richardson and Malhotra, 1975) dentitions—and the 
results here indicate that the groups also differ in their 
width-to-length relationships.  Interestingly, interpretation 
is greatly simplified when (Table 3) it is noted that none 
of the buccolingual crown dimensions differs significantly.  
This shows that the lower crown indices seen in blacks are 
due to the mesiodistal dimension. The primary teeth in 
American blacks have smaller crown indices than whites 
because their tooth crowns are larger mesiodistally.

All of the primary teeth are established and begin crown 
mineralization during the second trimester in utero (Lunt 
and Law, 1974), so whatever the causes of mesiodistally 
larger teeth in American blacks—such as up-regulation of 
mitotic rates—are initiated early in development.  Nothing 
is known about the primary teeth, but the permanent teeth 
form and emerge faster in blacks than whites (Steggerda 
and Hill, 1942; Harris and McKee, 1990), even though 
the teeth are larger. Making larger teeth in a shorter time 
suggests that the mitotic rates are faster; there seem to be 
no data suggesting that the quality of enamel or dentin 
differ between blacks and whites.  Hall et al. (2007) found 
that enamel was thicker in blacks than whites—which 
again suggests a difference in growth tempos—though the 
differences in enamel do not account for the larger overall 
crown differences.

One might suppose that mesiodistally larger teeth 
would translate into a greater risk of crowding—where 
arch size (determined by the supporting basal bones) is 
inadequate for proper alignment of the larger teeth. In 
fact, dental crowding (inadequate arch size) is not more 
common in American blacks than whites (Kelly and 
Harvey, 1977; Brunelle et al., 1996). On the contrary, the 

prevalence of interdental spacing is appreciably higher 
in blacks than whites. The lack of an increased risk of 
crowding is due to the disproportionately large arches 
in blacks (Burris and Harris, 1998). As Ross-Powell and 
Harris (2001) show, this race difference is ostensible from 
early in the primary dentition.

Prior work in our lab (Harris et al., 2001) suggest that 
differences in the crown sizes of American blacks and 
whites are primarily due to differences in size of the dental 
pulps.  Developmentally, size of the pulp is defined by the 
growth of the enamel epithelium—which, in the mature 
tooth, is the interface between the enamel and dentine—
prior to mineralization. The present results suggest that 
growth of the premineralized tooth bud is different in 
blacks and whites—that growth favors the mesiodistal 
axis in blacks, creating a different crown shape.
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