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Crowns of teeth vary both in size and shape, and this 
is well documented by dental anthropologists who have 
detailed the variations in the morphologies of all tooth 
types (e.g., Korenhof, 1960; Morris, 1965; Turner et al. 
1991; Scott, 2008).  In turn, differences in the number and 
size of cusps, cingular features, and other details of the 
crown influence tooth size (e.g., Kondo and Townsend, 
2006).  Conversely, tooth size is statistically and devel-
opmentally associated with crown complexity (e.g., 
Keene, 1968; Garn 1977).

Researchers have traditionally focused on the 
maximum mesiodistal (MD) and buccolingual (BL) 
diameters of teeth (Goose, 1963), though other dimen-
sions may be at least as informative (Corruccini, 1979; 
Hillson et al., 2005).  Aside from some Australian and 
Melanesian groups with very large tooth sizes, there 
are rather few obvious intergroup differences in crown 
dimensions, and this has dampened anthropologists’ 
enthusiasm for collecting tooth size data (e.g., Lasker 
and Lee, 1957; Moorrees, 1957).  The disinterest in odon-
tometrics has been compounded by the slow growth of 
analytic methods that are tractable and actually address 
anthropological questions (see, e.g., Reyment et al., 
1984; Hanihara and Ishida, 2005).  One early thought 
was that, if tooth crown sizes don’t vary much across 
populations, perhaps tooth shape would be informative 
(e.g., Hrdlička, 1923; Nelson, 1938; Selmer-Olsen, 1949). 
Calculating shape indexes also extends logically from 
the numerous ratios calculated by anthropometrists, 
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ABSTRACT     Tooth crown shapes differ among human 
groups because the sizes and shapes of the constituent 
crown components differ. It was of interest to us 
whether there is patterned variation in crown indexes 
between sexes or among ethnic groups.  The crown 
index—buccolingual width as a function of mesiodistal 
length—was analyzed here in terms of sex and race 
differences in a cohort of American black and white 
adolescents (n = 324) from the U.S. Mid-South.  The 
mandibular canine is distinctive in exhibiting significant 
sexual dimorphism in crown shape, with females being 
broader in terms of mesiodistal length.  Prior literature 
reports the crown indexes of several tooth types to be 
dimorphic, which does not occur here, showing that the 

extent of sexual dimorphism differs among groups.  In 
contrast, we found that multiple crown indexes differ 
significantly between the samples of blacks and whites, 
with the largest differences in UC, UP1, and LM2. Of note, 
nature of the differences are tooth-specific, suggesting 
that divergence among groups at this microevolutionary 
level has shifted crown shapes along distinctive (rather 
than parallel) pathways.  The optimum subset of crown 
indexes correctly allocates 67% of the specimens as to 
race; this percentage is not much better than chance, 
suggesting that crown indexes are of little forensic 
usefulness in discriminating among contemporary 
humans.  Dental Anthropology 2009;22(3):85-92.

osteologists, and craniometrists that emphasize shape 
rather than size differences (e.g., Wilder, 1920; Martin, 
1928), though Albrecht et al. (1993) provide some 
cautionary notes against the uncritical use of ratios.

The crown index (BL/MD times 100) has long been 
used as a measure of crown shape. Selma Thomsen 
(1955, p 4) states that, “This index was introduced by 
Retzius, a Swedish anatomist,” but she does not supply 
a citation.  Anders Retzius (b. 1796 – d. 1860) is better 
known in dental circles as the person who described 
histological features of the enamel:  “In ground section 
the enamel is marked by brown bands called the bands, 
striae, or incremental lines of Retzius” (Bhaskar, 1962, p 
103).  Application of the crown index evidently caught 
on quickly; de Terra reports it (Zahnbogenindex) without 
explanation (de Terra, 1905).  The crown index expresses 
crown width (BL) as a function of length (MD), so a 
large index reflects a broad-short crown form, while a 
small index indicates a narrow-long form.  The index 
is only an approximate measure of shape because tooth 
crowns are not essentially rectangular in form.

The purpose of the present study is to explore the 
utility of using crown indexes of the permanent teeth to 
distinguish between males and females and, secondly, 
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to test for differences between American blacks and 
whites. These differences may suggest intra-specific 
(‘racial’) differences in modal crown development.  So 
too, the data may be of forensic use in estimating the 
race and/or sex of an unknown specimen (e.g., Ditch 
and Rose, 1972).

MATERIALS AND METHODS

The crown dimensions measured from full-mouth 
dental cases were obtained from 324 adolescents in 
whom all 28 permanent teeth (omitting third molars) 
were fully erupted.  Teeth were intact (not affected by 
caries, trauma, or casting defects).  Teeth from just one 
side of the arch were measured because of the essen-
tial symmetry of the dentition.  Electronic-readout 
sliding calipers were used (precise to 0.005 mm), with 
beaks machined to fit well into the embrasures, and the 
measurement method described by Seipel (1946) was 
followed.

Subjects had been patients in the Department of 
Orthodontics at the College of Dentistry, Memphis, 
Tennessee, and sample sizes were 52 black males, 74 
black females, 94 white males, and 104 white females.  
Cases were phenotypically normal, and cases with 
congenitally absent teeth (ignoring third molars) were 
not included (Garn and Lewis, 1970; Kirveskari et al., 
1978).

The crown index of each of the 14 tooth types was 
calculated using a spreadsheet program, and two-way 
factorial analysis of variance (Winer et al., 1991) was 
used to concurrently test for race and sex differences.  
Stepwise discriminant functions analysis (Cooley and 
Lohnes, 1971) then was used to find optimal subsets of 
the variables that maximally separate the sexes (or the 

races).  Statistics were performed using JMP (SAS Insti-
tute, Cary, NC) and SPSS (SPSS Inc., Chicago, IL).

RESULTS

Univariate analysis

Descriptive statistics are listed in Table 1, where 
it is evident that the majority of mean crown indexes 
are above 100 simply because BL breadths exceed MD 
lengths (Keith, 1916). The maxillary premolars have the 
highest indexes, on the order of 130 for P1 and 140 for 
P2.  At the other end of the spectrum, maxillary inci-
sors (I1, I2) have means appreciably below 100 because 
their crowns are wide but narrow faciolingually.  The 
lower molars also have small mean indexes, at about 94 
(M1) and 97 (M2), probably because the talonid, which 
extends crown length mesiodistally, is well developed 
on these teeth.

Statistical tests for sex differences (Table 2) are inter-
esting because only one of the 14 F-ratios achieved 
significance (P < 0.05), but, of note, the significant sexual 
dimorphism (for the lower canine) is highly significant 
(P < 0.0001). In other words, while males tend to have 
larger crown dimensions than females (e.g., Garn et al., 
1967; Potter, 1972), the length-to-width ratios tend to 
be the same in the two sexes for most tooth types.  The 
exception is that the crown index for LC is appreciably 
higher in females than males (Fig. 1), and inspection of 
the sizes shows that the sex difference is principally due 
to the much greater MD length of LC in males (whereas 
the BL sex difference is trivial).  This strong statistical 
difference suggests that LC crown shape may be useful 
for sex discrimination.

Half of the crown indexes (7/14) are significantly 
different between the black and white samples (Table 

TABLE 1. Descriptive statistics for the crown index, by race and sex

 Tooth  Black Females Black Males White Females White Males
 Type  x  sd  x  sd  x  sd  x  sd

Maxilla
 I1 81.92 6.42 81.07 6.78 81.37 8.76 80.55 7.07
 I2 93.75 8.94 93.19 9.79 90.75 10.68 91.31 11.90
 C 106.35 7.18 104.12 6.81 102.44 9.08 102.93 8.77
 P1 130.51 5.75 129.52 6.85 132.61 7.41 133.35 8.01
 P2 141.00 8.54 142.68 8.20 139.84 8.52 141.66 9.36
 M1 109.50 5.72 109.39 6.17 110.58 5.26 111.26 5.56
 M2 107.82 6.80 107.53 6.50 109.51 8.94 108.33 6.33

Mandible
 I1 105.97 8.20 103.42 9.60 105.65 9.53 107.01 9.52
 I2 102.87 7.20 101.52 9.64 100.89 8.51 99.38 9.37
 C 104.37 6.63 99.83 9.27 104.17 9.15 100.21 10.00
 P1 108.94 6.51 109.26 8.23 109.65 7.73 110.48 7.05
 P2 118.40 8.25 120.30 9.07 117.70 7.94 118.72 8.16
 M1 93.52 4.71 92.29 4.38 94.09 4.70 94.26 5.02
 M2 95.90 6.48 93.03 6.19 97.05 5.87 98.60 5.89
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TABLE 2. Results of factorial ANOVA tests for race and/or sex differences in crown indexes

 Tooth Race Sex Interaction
 Type F Ratio P Value F Ratio P Value F Ratio P Value

Maxilla
 I1 0.38 0.5404 0.93 0.3348 0.00 0.9857
 I2 3.99 0.0466 0.00 0.9966 0.21 0.6448
 C 7.22 0.0076 0.84 0.3589 2.05 0.1532
 P1 12.79 0.0004 0.02 0.8825 1.09 0.2963
 P2 1.17 0.2794 3.03 0.0826 0.00 0.9458
 M1 5.20 0.0232 0.20 0.6572 0.39 0.5345
 M2 2.14 0.1441 0.75 0.3876 0.27 0.6059

Mandible
 I1 2.34 0.1272 0.31 0.5756 3.35 0.0680
 I2 4.22 0.0409 2.04 0.1546 0.01 0.9372
 C 0.01 0.9317 17.07 <0.0001 0.08 0.7803
 P1 1.26 0.2629 0.44 0.5093 0.09 0.7684
 P2 1.43 0.2331 2.33 0.1282 0.21 0.6465
 M1 5.35 0.0213 0.93 0.3352 1.62 0.2041
 M2 17.21 <0.0001 0.67 0.4152 7.47 0.0067

2) when assessed univariately (alpha = 0.05).  There is, 
however, a complexity as to which group has the larger 
crown index (Fig. 2).  Inspecting the F-ratios, two teeth 
stand out as particularly different, namely maxillary P1 
and mandibular M2. In both comparisons, the white 
sample has the larger crown index, indicating that these 
teeth are more broad-and-short in whites than blacks.

Multivariate analysis

We used stepwise discriminant functions analysis 
to identify the subsets of variables that are most predic-
tive of sex and, separately, most predictive of race. Prior 
probabilities were set to be equal across groups.

As suggested by the univariate analysis (Table 2), 
only the crown index of LC is predictive of a subject’s 
sex.  When all 14 indexes are input into the discriminant 
algorithm (races combined), just LC is retained, and it 
correctly classified 62% of the cases as to sex using the 
jackknife (“leave-one-out”) method.  This percentage is 
better than chance, but is not as reliable as other skeletal 
and dental methods (e.g., Buikstra and Ubelaker, 1994).

Using the 14 indexes to estimate race (either Amer-
ican black or white), the stepwise procedure retained 
5 of the 14 variables (sexes combined).  This is a fairly 
large number of variables, and it suggests that the 
crown indexes are not strongly intercorrelated (Garn 
et al., 1967c). Correct allocation is 67% (jackknife) 

Fig. 1.  Boxplots showing the distributions of the crown index for mandibular canine. Median indexes are higher 
in females than males in both the black and white samples.
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using these five variables.  These five variables do 
not contribute equally to the discrimination, and the 
structure matrix shows that UC and LM2 are most infor-
mative.  Conversely, the crown indexes for UP2 and LP2 
contribute little.  Retaining just the three most useful 
variables gives this prediction equation:
Race = -11.856 – 0.080(UC) + 0.079(UP1) + 0.101(LM2)

Correct allocation remains at 67% even with removal 
of the two least-informative variables.  These values in 
the equation are the unstandardized coefficients, but 
their ranking is the same as when standardized:  UC is 
the most predictive (i.e., it has the strongest correlation 
with the canonical function), and blacks have a higher 
index (relatively broader-and-shorter UC) than whites.  
LM2, with a higher crown index in whites, also is infor-
mative.  The third variable is UP1, and it also has a 
higher index in whites.

Values at the group centroids are 0.270 for whites 
and -0.461 for blacks. Substituting actual numbers for 
these three crown indexes into the equation above yields 
a number, where a positive value suggests the specimen 
is a white, and a negative value suggests the specimen 
is a black. A value near zero is indeterminate, and the 
farther the value is from zero the more likely it is that the 
race assignment is reliable (Campbell, 1984; Kieser and 
Goeneveld, 1989).

The canonical function shows that UC, UP1, and 
LM2 exhibit the best discrimination between blacks 
and whites when relying on tooth crown shape. Signs 
of the coefficients show that separation of these two 
races depends on a contrast between upper canines 
with a short-and-broad outline (characteristic of blacks) 

compared to short-and-broad UP1 and LM1 (character-
istic of whites).  This mix of crown shapes strengthens 
the view that crown morphologies have diverged inde-
pendently among the tooth types over time (Harris and 
Harris, 2007).

DISCUSSION

The crown index is an approximation of true crown 
shape, and it provides a comparison of shape inde-
pendent of size. In turn, the number and relative sizes 
of cusps—the component parts of the crown—affect 
crown shape.  The number of cusps is determined by the 
number of secondary enamel knots (Jernvall et al., 1994; 
Thesleff and Jernvall, 1997), though what controls knot 
formation is poorly understood.  Spacing of secondary 
enamel knots and subsequent expansion among the 
cusps prior to the cessation of growth by bridging due to 
dentinogenesis controls cusp size and the cusps’ spatial 
arrangement (e.g., Butler, 1967), though again little is 
known about the developmental mechanisms (biochem-
ical signaling) governing these growth processes (e.g., 
Salazar-Ciudad, 2008; Salazar-Ciudad and Jernvall, 
2002, 2004).

Physical anthropologists (as here) conventionally 
are limited in their analysis to the teeth themselves—the 
phenotypic end-products of ontogeny—so there is little 
to investigate about the formative processes.

Sexual dimorphism

Teeth tend to be larger in men than women, though 
the extent of sexual dimorphism is modest in humans 
compared to other species of the great apes (Swindler, 

Fig 2.  Plots of the mean crown index, by race and tooth type. Seven of the 14 black-white differences are 
significantly different as judged univariately.  Blacks have larger indexes in the anterior region (incisors, canines) as 
denoted by the “B>W” code.  Indexes in the buccal segment (premolars, molars), in contrast, are larger in the white 
sample (“W>B”).  This mixture of differences among teeth can be interpreted as region-specific changes in crown 
shape over the microevolutionary time separating these groups.
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2002).  The traditional argument is that sex hormones, 
notably testosterone, enhance mitotic activity to create 
larger teeth in males (Guatelli-Steinberg et al., 2008).  
Interestingly, enamel formation (amelogenesis) does not 
account for sex differences in tooth size (Stroud et al., 
1994, 1998), though that had been a reasonable supposi-
tion (Moss, 1978).  Instead, differences stem from greater 
dimensions of the inner enamel epithelium that are estab-
lished prior to tooth mineralization (e.g., Corliss, 1976; 
Avery, 1994). Larger size—and any shape differences—
stems from growth of the inner enamel epithelium, and 

dentin formation progresses internally from this epithe-
lial margin (Fig. 3).  Greater pulp dimensions in males 
(Moore, 1989; Woods et al., 1990) can be viewed as the 
volume created by the inner enamel epithelium that is 
not composed of dentine in the mature tooth.

Garn et al. (1967b) suggest that a sex difference in 
crown indexes follows logically from the observation 
that percent sexual dimorphism is greater in the BL than 
the MD axis of teeth. This was true for his sample of 
whites (Garn et al., 1966) and it also is true for the present 
data (not shown), where percent sexual dimorphism is 
greater in the BL axis for 10 of the 14 tooth types.  This 
does not, however, translate into sex differences in the 
crown index. Interestingly (Fig. 4), Garn’s sample of 
whites (Yellow Springs, Ohio) possesses much greater 
sexual dimorphism across the crown indexes than the 
present sample of whites (Memphis, Tennessee).  Fully 
half (7/14) of the tooth types achieved a significant sex 
difference in Garn’s sample, while, as we emphasized 
earlier, only the lower canine had a significant sex differ-
ence in the present study. Lack of statistical significance 
is not due to Type II errors insofar as our sample sizes of 
whites are larger than Garn’s.  These inter-group differ-
ences may be influenced by technical issues, such as 
operator bias (Kieser et al., 1990) or differences in instru-
mentation (Garn et al., 1967a), but we favor the issue of 
regional differences in tooth size among “whites” across 
the United States—though virtually nothing is known 
about this.

The present data on crown indexes show that growth 
of the male and female teeth are essentially isometric—
that males are (using this index) enlarged analogs of 
the female archetype. In other words, while males have 
metrically larger teeth (e.g., Mijsberg, 1931; Garn et al., 
1964, 1967d), their length-width ratios are proportion-
ately enlarged versions of females (Harris and Hicks, 
1998), and there is the retention of the same gnomon 

Fig. 3.  Buccal view of a mandibular right M1 sectioned 
mesiodistally. The arrows mark the approximate heights 
of contour (defining maximum crown diameter), and it 
is evident that most of the “bulge” of the crown apical to 
the occlusal table is due to enamel thickness, but it also 
is contributed to by the convexity of the dentinoenamal 
junction that was formed by the inner enamel epithelium 
prior to mineralization. Diagram modified from Zeisz 
and Nuckolls (1949).
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(shape) with increased size (Thompson, 1948).
The one exception is the mandibular canine, where 

females have a distinctly higher crown index.  While the 
MD and BL dimensions are smaller for females, their 
LC crowns are disproportionately shorter mesiodistally.  
That is, BL widths vary little between the sexes, and 
differences in MD lengths are about three times larger 
than the width difference, yielding a larger crown index 
in females.

Black-white differences

It has long been recognized that sub-Saharan blacks 
have large teeth, especially compared to rather small-
toothed Europeans (e.g., Topinard, 1886; de Terra, 
1905), and more recent studies confirm this, including 
odontographies by Shaw (1931) and Jacobsen (1982).  
Likewise, early black-white comparative studies (e.g., 
Hrdlička, 1923; Nelson, 1938; Selmer-Olsen, 1949) show 
that the dental differences are complex. Differences in 
the crown index are location-dependent rather than 
uniform across the tooth types. A crude measure of this 
is that, of the 7 significant differences (Fig. 2), three are 
due to higher indexes in blacks, while the other 4 are 
higher in whites.

The governing principle is that blacks tend to have 
disproportionately broad crowns (compared to MD 
lengths) in the anterior segment of the arches (incisors, 
canines)—so crown indexes are larger than for whites.  
Conversely, the white sample has disproportionately 
broader (and/or mesiodistally shorter) crowns in the 
buccal segment (premolars, molars). These differences 
in proportionality led Harris and Rathbun (1991) to 
label the dentitions of sub-Saharan Africans and their 
derivative groups as “front loaded” in the sense that a 
greater portion of their overall crown size is distributed 
among the anterior teeth. People of European extrac-
tion, in contrast, tend towards the opposite expression, 
where greater portions of their overall crown area are 
apportioned to the premolars and molars. Of course, 
these proportional differences are evaluated indepen-
dently of the absolute sizes of the dentitions.

This complexity of differences in crown indexes 
should be useful in forensic studies of estimating the 
race of an unknown specimen (Ditch and Rose, 1972).

OVERVIEW

Tooth crown size and shape are necessarily inter-
related, and the present study assesses a time-honored 
approximation of crown shape, namely the crown index.  
Samples of American blacks and whites were analyzed 
from the U.S. Mid-South.
• While human males typically have larger crown 

dimensions, most tooth types are not sexually dimor-
phic in these samples. The exception is the lower 
canine with a significantly higher crown index in 
females because of disproportionately short crown 

lengths.
• Several tooth types exhibit significantly different 

crown indexes between American blacks and whites, 
though the indexes are a mixture of higher and lower 
values.

• Three variables (UC, UP1, LM2)—but especially the 
higher crown index of UC in blacks—are useful for 
discriminating between these samples of American 
blacks and whites.
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