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lation and its ancestral populations. Methodology: An analytical observational
study using geometric morphometric tools was conducted on 272 individuals
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try exhibited the largest arches (126.50 + 18.36 mm), followed by the admixed
group (117.32 + 8.58 mm), and finaly the Euro-descendants group (108.03 +
7.10 mm). Conclusions: The Chilean admixed population presents a dental
arch shape that does not significantly differ from that of Euro-descendant and
a size similar to that of Amerindians.
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Resumen

Antecedentes: Estudios previos han descrito diversas
formas de los arcos dentarios entre diferentes grupos
humanos, resaltando la relevancia de considerar la
ancestria para el diagnoéstico y planificacién de trata-
mientos odontoldgicos. Objetivo: Comparar la forma y
tamafio de los arcos dentarios en la poblacién mixta de
Chile y en sus poblaciones ancestrales. Metodologia:
Estudio observacional analitico con uso de herramientas
de morfometria geométrica en 272 individuos de ances-
trias amerindia, mixta y eurodescendiente. Resultados:
Los analisis evidenciaron una distincion clara entre
amerindios y eurodescendientes en la forma del arco
(identificacién correcta por DFA > 87%), mientras que
los arcos dentarios de origen mixto no mostraron dif-
erencias significativas respecto de los eurodescendien-
tes. En cuanto al tamafio del centroide, los individuos
de ancestria amerindia presentaron el mayor tamafio
(126.50 + 18.36 mm.), seguido por el mixto (117.32 *
8.58 mm.) y el eurodescendiente (108.03 + 7.10). Con-
clusiones: La poblacién mixta chilena presenta una
forma del arco dentario que no se distingue significa-
tivamente de la forma del arco de individuos eurode-
scendientes y un tamafo similar al de los amerindios.

Palabras clave: Arco dental, grupo de ascendencia
continental nativa americana, grupo de ascendencia
continental eurodescendiente.

Introduction and
background

The shape and size of dental arches vary considerably
among human populations. Previous studies have de-
scribed several dental arch shapes, including square,
ovoid, and triangular shapes® - being the ovoid shape
the most prevalent, accounting for approximately 75% of
cases.® This pattern has also been observed in the pop-
ulations that contributed to Chile’s amixed ancestry.G->
Regarding dental arch shapes in Euro-descendants pop-
ulations, and using preformed templates Ferro et al.®)
found a similar distribution (a higher frequency) of ovoid
(46.2%) and narrow (43.4%) arches, while the square
shape was the least common (10.4%).® Likewise, Park
et al.® classified arch shapes in young Asian adults, find-
ing that the most common configuration in both the
maxilla and mandible was ovoid (52% and 56%, re-
spectively), followed by triangular (28% in both) and

Resumo

Antecedentes: Estudos anteriores descreveram diversas
formas de arcos dentarios entre diferentes grupos huma-
nos, destacando a relevancia de considerar a ancestrali-
dade para o diagnéstico e planejamento de tratamentos
odontoldgicos. Objetivo: Comparar a forma e o tamanho
dos arcos dentdrios entre populacdes de diferentes an-
cestralidades. Metodologia: Estudo observacional anali-
tico com uso de ferramentas de morfometria geométrica
em 272 individuos de ancestralidade amerindia, mista e
eurodescendiente. Resultados: As analises mostraram
uma clara distingao entre amerindios e eurodescendiente
na forma do arco (identificacdo correta por DFA >87%),
enquanto os arcos dentarios de origem mista ndo mos-
traram diferencas significativas em relacdo aos eurodes-
cendientes. Em relacdo ao tamanho do centréide, os
individuos de ascendéncia amerindia apresentaram o
maior tamanho (126,50 + 18,36 mm.), seguidos pelos
mistos (117,32 + 8,58 mm.) e pelos eurodescendientes
(108,03 = 7,10). Conclusdes: A populacdo mista chilena
tem uma forma de arcada dentaria que nao difere sig-
nificativamente da forma de arcada dos individuos de
ascendéncia europeia e um tamanho semelhante ao
dos amerindios.

Palavras-chave: Arco dental, Grupo com Ancestrais
Nativos do Continente Americano, Grupo com Ances-
trais do Continente Eurodescendente.

square (20% in the maxilla and 16% in the mandible).©®
In a study of Indigenous communities in the Colombian
Amazon, Rivera et al.®) reported a predominance of
ovoid arches in both the upper (86%) and lower (75%)
arches, with square forms found in 14% and 25% of the
cases, respectively, and no triangular arches observed.®
In comparative studies across ancestral backgrounds,
Burris and Harris!” found that African American indi-
viduals exhibited more square-shaped maxillary arches,
while Euro-descendants showed narrower and more
rounded arches.” Similarly, Agurto and Sandoval,® us-
ing preformed templates, evaluated the maxillary and
mandibular arch shapes of Mapuche and non-Mapu-
che children in Chile. They found a higher proportion of
square arches in the Mapuche group, both in the max-
illa and mandible, although the predominant shape in
both groups was ovoid.®) Only two of the five studies re-
viewed reported having analyzed the upper jaw using
templates—a method that introduces significant sub-
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jectivity in shape classification.*"> Despite the con-
siderable number of studies characterizing dental arch
shapes across populations with different ancestries, no
study to date has simultaneously compared dental arch
morphology in admixed-ancestry populations against
their ancestral European and Amerindian groups. From
a methodological standpoint, Arai and Will® assessed
inter-examiner reliability in the subjective classification
of mandibular arch shapes among orthodontic patients
into three categories—narrow, ovoid, and square—and
found high agreement for extreme shapes (triangular
and square), but greater variability for the intermediate
(ovoid) shape.®

While previous research highlights the relevance of
considering ancestry in dental arch shape for the diagno-
sis and planning of dental and orthodontic treatments,
further studies are needed to explore differences in
dental arch shape among different populations—par-
ticularly of Amerindian, European, and admixed ances-
try—in a more objective way. This would help determine
if specific differences in dental arch shape exist among
these groups; and whether these differences may have
clinical implications for the diagnosis and planning of
individualized orthodontic treatment.

This study aims is to compare the shape and size of
dental arches among Amerindian, admixed Chilean,
and Euro-descendant populations from both Chile
and the United States, in order to understand how an-
cestral traits are expressed in admixed dental pheno-
types, using standard geometric morphometric tools.
These techniques allow for a more accurate and compre-
hensive capture of structural geometry compared to tra-
ditional methods based on linear measurements, which
only provide information on differences in magnitude or
size (i.e., scalar components of morphological variation
in a single dimension), or by assigning pre-established
shapes to individual cases (i.e., ovoid, square, or trian-
gular templates). Moreover, geometric morphometrics
not only enables statistical analysis of shape variation
patterns but it also allows for visualizing these changes
through the superimposition of Cartesian grids accord-
ing to the thin-plate spline function. Thus, a recent publi-
cation from our laboratory using this approach to study
mandibular dental arch variation in the admixed popu-
lation of the Metropolitan Region of Chile found that the
shape of the dental arch is expressed with such continui-
ty that it challenges the assumption of fixed, pre-existing
shapes (i.e., “square,” “ovoid,” or “triangular”).®9

According to our null hypothesis, the shape and/
or size of the dental arches in the Chilean admixed pop-
ulation is intermediate between those of the ancestral
populations from which it originates.

Methods

An analytical, cross-sectional observational study
was conducted to compare the shape and size of
dental arches among individuals of different ances-
tries. The Amerindian ancestry group consisted of
samples from pre-Columbian populations from the
South-Central Andes and Central, Southern, and Far
Southern Chile, whose archaeological sites span a
time range from 7,500 years ago (Chinchorro cul
ture) to the time of Spanish contact. These materials
are housed at the Center for Quantitative Analysis
in Dental Anthropology of the Faculty of Dentistry,
University of Chile, and are represented by a col-
lection of anatomically standardized photographs
of crania, recorded in the field by GM and AD be-
tween 2008 and 2014 at the Corporation of Culture
and Tourism of Calama (Chile), the R. P. Gustavo
Le Paige Museum (Universidad Catdlica del Norte,
San Pedro de Atacama, Chile), the National Museum
of Natural History (Santiago, Chile), and the Musée
de 'Homme (Muséum national d’Histoire naturelle,
Paris, France). The admixed sample consisted of pho-
tographs of dental models obtained from alginate
impressions, from anonymized donations by pa-
tients of the Dental Clinic at the Faculty of Dentistry,
University of Chile. Finally, the Euro-descendant pop-
ulation was represented by:

(i) anatomically standardized photographs of
dental models from alginate impressions of
patients with one or two German surnames,
treated at a private clinic in the east of Santiago
(Lo Barnechea municipality), where, accord-
ing to data from the Chilegenomic Project, the
population has an average of Eropean ances-
try of 80.3%, compared to 54.1% in the north of
Santiago (Independencia municipality), where
the University of Chile’s Dental Clinic is located
(http://genoma.med.uchile.cl/ancestry);

(ii) standardized photographs of 3D models of
white patients from Michigan and Oregon, United
States, available from the American Association
of Orthodontists Foundation (AAOF) Craniofacial
Growth Legacy Collections Project (https://www.
aaoflegacycollection.org/aaof home.html).

According to Bryc et al. (2015), Caucasian individu-
als in the U.S. have an average of European ancestry
of 98.6%), verified by analysis of autosomal single
nucleotide polymorphisms (SNPs).(? Inclusion
criteria required individuals to have a complete
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dentition from the upper right to left second molars. The
final sample included 53 Amerindian individuals, 118
admixed, and 101 Euro-descendant individuals (see
Table 1 for summary).

TABLE1

Sample used in this study (the percentages of the Euro-
descendant subsamples with respect to the total sam-
ple used are in a lighter shade of pink).

ANCESTRY n  PERCENTAGE

Amerindian population sample

0,
(archaeological crania) >3 TL2at8
Admixed population sample 118 43.4%
Euro-descendant population 101 371%
sample:
Private clinic
Y 0,
east of Santiago, Chile 12 e
Michigan, USA 40 14.7%
Oregon, USA 49 18%
TOTAL 272 100%

Millimeter-scaled photographs were used as material
for both the pre-Columbian skulls and the plaster den-
tal models of admixed and Euro-descendant individuals.
To record the dental arch shape, a map of 18 homol-
ogous landmarks (Table 2, Figure 1) with the tpsDig
2.32 software.(¥

In the context of geometric morphometrics, accord-
ing to Zelditch et al,, a landmark is a discrete anatomical
point that can be consistently identified in all studied in-
dividuals, regardless of ancestry or population group.®*

The input data for geometric morphometrics consisted
of the projection of each landmark onto an xy-plane, re-
sulting in a pair of coordinates per landmark. Each indi-
vidual was represented by a matrix with 18 rows (one
per landmark) and 2 columns (one for the x-axis and
one for the y-axis projection). These matrices—or land-
mark coordinate configurations—were processed and
analyzed using the Morpho-] 1.08.01®% and R Studio®®
softwares, applying standard geometric morphomet-
ric tools.('

A generalized least squares analysis, or Procrustes
analysis, was performed using the Morpho-] 1.08.01
(program).®® This consists of removing differences in

TABLE 2
Anatomical landmarks located on the buccal cusps and
incisal edges of the maxillary teeth, used to capture the
shape of the upper dental arch.

#

1

10

11

12

13

14

15

16

17

18

NAME

Metacone, upper right
second molar

Paracone, upper right
second molar

Metacone, upper right
first molar

Paracone, upper right first
molar

Upper right second pre-
molar

Upper right first premo-
lar

Upper right canine

Upper right lateral incisor

Upper right central inci-
sor

Upper left central incisor

Upper left lateral inci-
sor

Upper left canine
Upper left first premo-
lar

Upper left second premo-
lar

Paracone, upper left first
molar

Metacone, upper left first
molar

Paracone, upper left
second molar

Metacone, upper left
second molar

DEFINITION
Distobuccal cusp of the upper

right second molar

Mesiobuccal cusp of the
upper right second molar

Distobuccal cusp of the upper
right first molar

Mesiobuccal cusp of the
upper right first molar

Buccal cusp of the upper right
second premolar

Buccal cusp of the upper right
first premolar
Cusp of the upper right canine

Midpoint of the incisal edge of
the upper right lateral incisor

Midpoint of the incisal edge of
the upper right central incisor

Midpoint of the incisal edge of
the upper left central incisor

Midpoint of the incisal edge of
the upper left lateral incisor

Cusp of the upper left canine
Buccal cusp of the upper left
first premolar

Buccal cusp of the upper left
second premolar

Mesiobuccal cusp of the upper
left first molar

Distobuccal cusp of the upper
left first molar

Mesiobuccal cusp of the
upper left second molar

Distobuccal cusp of the upper
left second molar
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Figure 1 Anatomical landmarks used in this study to record the shape of the upper dental arch (definitions provided

in Table 1).

rotation, translation, and scale from each matrix, yielding
two components of morphometric variation:

i) centroid size, calculated as the square root of the
sum of distances from each landmark to the centroid
of the configuration (a size variation estimator), and

ii) shape space or Kendall space, consisting of the co-
ordinate configurations of each individual’s dental
arch, separated by an angular distance measured in
radians, known as Procrustes distance.

These configurations were then projected as points
onto a plane tangent to the shape space, defined by the
first two principal components (PCs) resulting from a
Principal Component Analysis (PCA). This analysis be-
longs to the family of multivariate factorial statistics,
which reduce the original variables (in this case, the
landmark configurations) into new variables or compo-
nents representing the percentage of the total variance,
where %PC1 > %PC2 > ... %PCn (see Figure 2 in the
Results section). In geometric morphometrics, the vari-
ables used to test the hypotheses regarding shape varia-
tion are the coordinates obtained by projecting each
point located in the PCA space onto its respective axis or

PC scores. The exploratory PCA analysis is complement-
ed by a Discriminant Function Analysis (DFA), which
uses the PC scores from the previously performed PCA
as input data, allowing us to know the percentage of
original observations (individuals) that are assigned to
the centroids of their respective groups (i.e. correctly
classified) after performing a cross-validation test with a
significant number of resamples with 1 replacement at a
time (leave-one-out cross-validation or jackknife) (9,999
resamples in our case). This resampling method does
not require assumptions of multivariate normality or ho-
mogeneity of variance-covariance matrices, as described
by Manly (2006),%7 since it relies on randomization and
empirical distributions derived directly from the ob-
served data.!’? When classification accuracy is greater
than 80% (correct assignments), individuals are con-
sidered to belong effectively to the groups to which they
were assigned a priori. Otherwise (with values below
80% of correctly classified cases), individuals originally
assigned to different groups are considered, in practice,
to constitute a single group. The input data for perform-
ing the DFA with cross-validation were the PC scores ob-
tained in Morpho-], while the DFA itself was performed
in the PAST program.®® In turn, the data that reveal the
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pattern of size variation are the respective centroid sizes
of each individual. As these are scalar values, a one-way
ANOVA was applied or, when appropriate, its non-para-
metric equivalent, the Kruskal-Wallis test. In both cases,
to determine the relative contribution of each group of
observations to the final result, a Dunn post-hoc test was
carried out, providing Bonferroni-corrected p-values for
each pairwise comparison. This final set of analyses was
conducted in the integrated R Studio environment,?®
using the “car’®? package for hypothesis testing, “gg-
plot2”@® for data visualization, and “dunn.test’?? for the
Dunn test.

Results
ANALYSIS OF THE SHAPE COMPONENTS:

The analysis of the shape components or principal com-
ponents (PCA) showed a high degree of overlap between
Euro-descendant individuals and those belonging to
Chile’s admixed population, but not for Amerindian
individuals, who were substantially separated from
the rest with respect to the second shape component
(PC2) (Figure 2). The first two shape components ex-
plained 66.2% of the total variance.

ANCESTRY Amerindian @ Mixed @ European
o
-0,04
. o © o°
% S % ‘g0
- o o
S ° I ® 4o Tor .’
8 -0,00 U .0.:. .’.0. °
@ o @0 ° ° o
3 L & 3
g o ° ¥ ° o0
& o o0l : >
® 9% e ° ° ® L d
-0,04 ° ® o
°
o
-0,10 -0,05 -0,00 -0,05 -0,10

PC1 (47,38 %)

Figure 2 Principal component analysis (PC1 vs PC2). The graph shows the overlap between the admixed group and
Euro-descendant individuals, both separated from the group of individuals of Amerindian ancestry with respect to the

second shape component (PC2).
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In this morphometric space, Amerindian individuals
presented arch shapes ranging from ovoid to square,
while Euro-descendant individuals tended to exhib-

AMERINDIAN
PC1 m
PC2 r\\
-PC2 /\

/7
[
/M
a

it more triangular shapes. The admixed population, in
turn, displayed intermediate shapes between ovoid and
triangular. Figure 3

ADMIXED EURO-DESCENDANT

=~
/)
M)
/N

Figure 3 Principal component analysis (PC1 vs PC2) with dental arch shapes. The shape components correspond to the
extreme values of the respective PC1 and PC2 axes shown in Figure 2. The consensus shape is shown in gray, and the

shape of each group is shown in black.

On the other hand, discriminant function analyses with
replacement resampling revealed high accuracy in dis-
tinguishing Amerindian individuals from both Euro-
descendant and admixed individuals (Table 3).

TABLE 3

Results of the Discriminant Function Analysis (DFA) with
cross-validation (jackknife), based on the components

of dental arch shape from the admixed Chilean (MIX),
Amerindian (AMER), and Euro-descendant (EUR) popu-

lation samples. The percentages of individuals from the

known groups (listed in the first column) assigned to
each group (listed in the first row) are shown. For cor-
rect interpretation, this table should be read by rows.

1100 ¢ AMER EUR
MIX 57,6 % 119% 30,5%
AMER 11,3 % 84,9 % 3,8%
EUR 30,7 % 3.0% 66,3 %
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The same cross-validation technique was applied to de-
termine the position of the Euro-descendants from the
private clinic in Santiago within the morphometric space
occupied by Euro-descendants from the United States. In
this case, classification accuracy was very low, confirm-
ing that the three samples of Euro-descendants do not

exhibit substantial differences in dental arch shape and
therefore constitute a single group (Table 4).

TABLA 4

Results of the Linear Discriminant Analysis with cross-
validation test (jackknife), based on the components of
dental arch shape from the Euro-descendant samples
(EUR) from the United States and the private clinic in
Santiago (the structure of this table is similar to that ex-
plained in the legend of Table 3).

MIX AMER EUR

Michigan Oregon Santiago

CENTROID SIZE ANALYSIS

Individuals of Amerindian ancestry exhibited the larg-
est mean centroid size ( 126.50 * 18.36 mm ), followed
by those of admixed ancestry ( 117.32 + 8.58 mm ) and
European ancestry ( 108.03 # 7.10 mm). The Kruskal-
Wallis test ( H=80.28, p = 3.694e-18 ) and Dunn'’s post-
hoc test with Bonferroni correction revealed statistically
significant differences between Amerindian and Euro-
descendant individuals ( p = 5.704e-15), and between ad-
mixed and Euro-descendant individuals (p=2.488e-12),
but not between mixed and Amerindian individuals
(p=0.067) Figure 4.

Finally, the analysis of the effect of allometry (i.e., the
effect of centroid size on the shape component with the
highest variance, PC1) yielded non-significant Pearson
correlation coefficients for both Amerindian (r = 0.059, p
=0.671) and admixed individuals (r =-0.139, p = 0.135).
The absence of an allometric effect indicates that varia-
tion in size is not influencing the pattern of variation in

.EU.R 50 % 27.5% 22,5 % the dental arch shape component in these populations. In
Michigan the case of the Euro-descendant sample, although an allo-
AMER 163 % 63,9 % 204 % metric effect was observed, it was expressed with low in-
Oregon tensity (r = -0.197, p = 0.048).
EU.R 58,3 % 333 % 8,4 %
Santiago
175
150
125 o,. o 00’ ° ®
L] : :. ‘o.. :. .l. . ° ..:..
° ° 0 0°H "o, %o
‘e e o o %%
100 - o3 ;]--n:-.
Amerindian Admixed Euro-descendant

Figure 4 Centroid size (y-axis, in mm). The box-and-whisker plot shows the differences in centroid size between the
Amerindian, admixed, and Euro-descendant groups. Each observation corresponds to the centroid size of an indivi-

dual’s dental arch.
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Discussion

The main finding of our study is that the dental arch
shape of individuals from Chile’s admixed population
does not differ significantly from that of Euro-descendant
individuals, whereas the dental arch shape of individu-
als of Amerindian ancestry differs significantly from both
the admixed and the Euro-descendant populations, be-
ing more square than in the latter two groups. This re-
sult is consistent with previous reports in the literature,
as observed in populations of Amazonian Indigenous
ancestry,® and with the higher proportion of square
arches found in the Mapuche population compared to
the non-Mapuche population in Chile.® Finally, in Euro-
descendant individuals, the predominant similarity to
triangular shapes aligns with what has been observed
in previous studies conducted in both the United States
and Italy.&?"

Additionally, our study confirms the results recent-
ly reported by Vidaurre et al. (2024), which demonstrate
the existence of a continuous spectrum of arch shapes,
with clear areas of overlap between them.V This result,
along with ours, has important clinical implications, as it
suggests that commercially available preformed arches
do not reflect the observed variability and therefore do
not conform to the dimensions and shapes of dental
arches that naturally occur across different populations—
especially when ancestry is taken into account. Several
studies illustrate this issue. For example, Oda et al.,*? in
their analysis of the mandibular arch in a Japanese pop-
ulation, found that preformed arches were significant-
ly narrower than natural dental arches. Similarly, Ahmed
et al,® also focusing on the mandibular arch, reported
in a sample from Pakistan that no commercial arch ful-
ly matched the natural arch dimensions of individuals.
Lombardo et al,®¥ analyzing both the maxillary and man-
dibular arches, reached similar conclusions in a study of a
population in Italy, while Mughal et al,? who evaluated
both arches, warned against the use of overly wide arches
in Pakistani patients due to the risk of post-treatment
instability. These findings reinforce the notion that
prefabricated commercial arches do not represent the
true anatomical variability of this structure.

As for the dental arch size, in the admixed popula-
tion it does not differ significantly from the size observed
in Amerindian individuals, with both being larger than
that of Euro-descendant individuals. This finding is con-
sistent with previous studies documenting that popula-
tions from the Americas (Amerindian and admixed) and
the Arctic (Aleuts and Eskimos) tend to have larger teeth
than Euro-descendants populations.?®) The absence of sta-
tistically significant differences in centroid size between

Amerindians and the admixed population in our sam-
ple is consistent with the larger tooth size reported in
the Americas, while the smaller centroid size in the den-
tal arches of Euro-descendant individuals aligns with
the smaller tooth size documented in Euro-descendants
populations.?®

Finally, although the potential forensic application of
differences in dental arch shape in relation to popula-
tion ancestry is not the focus of this research, it is a top-
ic of justified interest given the need for highly effective,
specific, and reproducible markers for use in forensic
identification across a variety of contexts—from de-
termining the vitality of wounds on a corpse (i.e., whether
they were inflicted during life or post-mortem)®?” to
predicting a person’s visible external characteristics, par-
ticularly the face, through DNA phenotyping.?® In this
context, and despite the substantial advances in forensic
techniques in recent decades,? the challenge of iden-
tifying intermediate phenotypic traits—those found in
most admixed populations—remains. Taking this back-
ground into account, and given the continuous nature of
the pattern of variation in dental arch shape (this study),
itis clearly not advisable to use this phenotype for foren-
sic identification purposes, at least in Chile’s admixed
population and, by extension, in other Latin American
populations.

Although comparisons among studies may be lim-
ited due to methodological differences, our work con-
tributes to characterizing the shape and size of dental
arches in an admixed sample (i.e., composed of two or
more ancestries) and comparing them with populations
of other ancestries—an aspect rarely addressed in the
literature, with the exception of Agurto and Sandoval.®
Furthermore, we applied geometric morphometrics, a
technique that is more accurate and efficient than tradi-
tional methods for capturing biological complexity.© 1%
Its use in the analysis of dental arch shape variation
by ancestry thus represents a novel and promising
approach.

One limitation of this study is the lack of age informa-
tion available for the pre-Columbian individuals. This is
relevant because dental arch shape can still change af-
ter the eruption of the second permanent upper mo-
lar at around age 12.6% However, given that such shape
variation does not occur beyond age 15, and considering
that over 90% of the individuals in our sample are older
adults, this factor does not affect the results obtained.

We hope this study contributes to a better under-
standing of human morphological diversity and encour-
ages new interdisciplinary approaches to the study of
adminxing in Chile, taking into account the potential
impact of ancestry on orthodontic treatment outcomes.
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Conclusions

The Chilean admixed population exhibits a dental arch shape that does not differ signifi-
cantly from that of Euro-descendant individuals, and a size similar to that of Amerindian
individuals.
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