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Abstract

Craniofacial morphology plays an important role in many aspects of the masticatory
function and the oral health of individuals, and as such should be considered a base-
line for studies that aim to integrate anthropological and dentistry practices that can
improve oral health, dental hygiene, and care practices in populations from different
biological and cultural backgrounds. This article presents a synthesis of our current
understanding of the craniofacial and dental variation among native populations of
North, Central, and South America, as part of the special volume on “Anthropology
meets Dentistry in Central America: Research and education in oral biology”. The ar-
ticle presents an overview of the history of the human occupation of the American
continents, with special focus on how early and recent past events have contributed
to the craniofacial morphological diversity observed in these continents. However,
there is limited information about native Central American populations, and cur-
rent inferences about them depend largely on extrapolating from what is known
about North and South America. Given the current state of knowledge, this article
argues that modern Central Americans share a facial morphological pattern distinct
from other populations worldwide, which means that applying models developed
for other groups may not be appropriate in this context. Therefore, understanding
regional variation in craniofacial morphological patterns is an important priority of
study, which must consider the different cumulative factors (genetics, developmen-
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tal, cultural, and historical) that have differently influenced the biological and cultural
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Resumen

La morfologia craneofacial tiene un importante rol en varios aspectos de las funcio-
nes masticatorias y de la salud oral de individuos y, por lo tanto, debe ser considerada
un aspecto bésico de investigaciones dedicadas a la integracién de practicas antro-
poldgicas y ortoddnticas, dirigidas a mejorar las condiciones de salud oral e higiene
bucal en poblaciones de distintos contextos bioculturales. Este articulo presenta una
sintesis del conocimiento actual sobre la diversidad craneofacial en poblaciones na-
tivas de las Américas del Norte, Central, y del Sur, sumandose al volumen especial
sobre “La antropologia se une a la odontologia en América Central: Investigacion y
educacion en biologia oral”. El articulo resume la historia de ocupaciéon humana de
los continentes americanos, con especial énfasis en como eventos tempranos y re-
cientes contribuyeron a la diversidad morfolégica observada en los continentes. Sin
embargo, existe poca informacion sobre poblaciones nativas de la América Central, e
inferencias sobre la regién dependen en gran parte de extrapolaciones de lo que se
conoce desde las Américas del Norte y del Sur. Considerandose el estado de conoci-
miento actual, este articulo propone que grupos actuales de América Central presen-
tan caracteristicas morfoldgicas Unicas a la region, lo que significa que la aplicacién
de modelos construidos usando como referencia otras poblaciones del planeta pue-
den ser de poca validez. Por lo tanto, comprender la variacion regional en la morfo-
logia craneofacial es una prioridad, y debe ser abordada considerando los distintos
factores cumulativos (genéticos, de desarrollo, culturales, e histéricos) que han in-
fluenciado la historia biolégica y cultural de las poblaciones de América Central. Rev
Arg Antrop Biol 26(2), 082, 2024. https://doi.org/10.24215/18536387e082

Palabras Clave: diversidad bioldgica; dispersion humana; morfologia

Improving oral health is one of the main challenges faced by modern human societies,
not only because of the impact that oral health has on overall well-being worldwide, but
also because of its disparity within and between countries (Petersen et al., 2005; World
Health Organization, 2022). Health is a concept that is largely hard to define (Reitsema
& Mcllvaine, 2014; World Health Organization, 1999), as it encompasses a myriad of fac-
tors that disrupt the homeostasis of the body, as well as cultural practices that affect
the perception of health itself. Oral health is similarly complex, as it is affected by the
complex interaction between several different factors, including developmental and
functional aspects of the mouth, pathologies and infections that can severely compro-
mise the well-being and health of a person, cultural perspectives about the definition
of “being healthy’, and behaviors and cultural practices that change the way individuals
interact with their oral biology. This article is part of the Dossier “Anthropology meets
Dentistry in Central America: Research and education in oral biology’, which addresses
several aspects of this complex interaction, drawing on anthropological knowledge to
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our current understanding of the craniofacial and dental variation among native popu-
lations of North, Central, and South America, as this can be considered a fundamental
baseline to understand the anatomy of the chewing apparatus, which plays a major role
in a person’s oral health.

Craniofacial variation and masticatory function

While several different factors ultimately contribute to oral health and masticatory
function, one of the most fundamental ones is the bone structure that defines the maxil-
lary region and therefore shapes the morphology of the masticatory apparatus. As ex-
plored in detail in other articles in this volume, the shape of the masticatory complex has
significant impact on the chewing cycle, and differences in the growth and development
of the face can have severely negative effects on oral health and masticatory efficiency
over a person’s life (e.g., Cevidanes et al., 2005). Moreover, the interplay between dental
development and maxillary growth are extremely impactful to overall oral health, as it
can result in dental overcrowding and malocclusion. While a vast orthodontic literature
is dedicated to the study of the impact of growth and development in the chewing cycle
(e.g., Enlow & Hans, 1996; Kiliaridis, 2006), the vast majority of these studies are based on
urban populations from affluent countries, and therefore may be of limited applicabil-
ity when brought to different biological and cultural contexts. Similarly, there is a vast
anthropological discussion about the changes in oral health in the past, including the
origins of malocclusion (e.g., Pinhasi et al., 2015; Rose & Roblee, 2009), but this discussion
is not easily translated to current orthodontic practices. As the goal of the articles in this
special volume is to consider how current orthodontic practices can improve oral health
in Central American contexts, the understanding of the biological variation of American
populations becomes an important informative prior to these endeavors.

There is no doubt that the biological and morphological background of native Ameri-
can populations is different from that of the European descendant populations that in-
form most of the current models connecting the morphology of the masticatory appara-
tus and the chewing cycle. However, little is known about how these differences impact
the function of the masticatory apparatus and how they can affect the efficacy of orth-
odontic treatments developed for other contexts. This is an important aspect to consider
in the development of orthodontic practices, as craniofacial morphology can have signifi-
cant impact in the successful outcome of orthodontic treatments (e.g., Nishio & Huynh,
2016; Tahmina et al., 2000). In this review article, | argue that we still know little about
the morphological variation in Central America, and that the study of the association be-
tween facial morphology, chewing pattern, and oral health is an important area of focus
to implement population-wide practices that will improve quality of life and oral health.
Moreover, | argue that the large biological and cultural variation observed among native
North, Central, and South American populations makes it hard, if not impossible, to estab-
lish generalizations about a typical Native American morphological pattern. Therefore, it
is of tantamount importance that regional variation is considered in any studies designed
to understand the craniofacial variation of Central American populations. In other words,
effort must be made to avoid one-size-fits-all descriptions of Native American biological
characteristics.
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sity among native Central American populations, it is necessary to build a larger context
of reference, starting with the discussions about the initial occupation of the American
continents. Unfortunately, there is limited information about the craniofacial variation of
native Central American populations, as a consequence of relatively poor preservation of
skeletal remains in tropical environments and of limited research projects that have fo-
cused on this region. As such, the study of the craniofacial variation of Central Americans
must be extrapolated from the broader context of North and South America, where sig-
nificant work has been done to characterize the biological and morphological variation
of populations across space and time. Since Central America acts as the natural corridor
connecting the larger masses of North and South America, its human history is invariably
tied to the processes of human dispersion on and between these continents.

The American continents were the last large landmasses to be occupied by modern
human groups. The initial occupation of North America is currently thought to date to
between 25 and 15 thousand years BP (Bennett et al., 2021; Meltzer, 2010; Waters, 2019),
and South America was probably occupied around 15 thousand years ago (Dillehay, 2009;
Dillehay et al., 2017; but see Pansani et al., 2023 for possible earlier dates). There is still
debate about the routes that early human groups took to occupy the continents, with
both terrestrial and coastal routes proposed recently (Erlandson et al., 2007; Farmer et
al., 2023). It is likely that humans spread relatively fast along the coastal regions of North
and South America, following initially the pacific rim (Erlandson et al., 2007), and splitting
along the Atlantic coast once Central and South America was reached (Dillehay, 2009).
There is clear evidence that all native American populations can trace their ancestry back
to Northeast Asian groups (Goebel et al., 2008; Raff, 2022; Skoglund & Reich, 2016) and,
from both genetic and morphological perspectives, Native American populations form
a cohesive cluster with Asian populations (Hubbe et al., 2010; Moreno-Mayar et al., 2018;
Posth et al., 2018; Reich et al., 2012; Von Cramon-Taubadel et al., 2017). However, despite
their closer ancestry with Asian populations, native American populations are biological-
ly and morphologically distinct from the former. Genetic evidence suggests that Ameri-
can ancestral populations have been isolated from Asian groups for long periods of time
(Mulligan et al., 2008; Sikora et al., 2019; Tamm et al., 2007), and craniofacial and dental
morphologies show that native North and South Americans have phenotypic character-
istics that differentiate them from east Asian and other worldwide populations (Hubbe et
al.,, 2010, 2011; Scott et al., 2018).

The occupation of North and South America represents the last of a series of genetic
bottlenecks that modern humans went through as they expanded out of Africa during
the Late Pleistocene. As such, native American populations show relatively less genetic
and phenotypic variance than populations from other continents (Betti et al., 2009; Man-
ica etal., 2007). However, while overall diversity is relatively low, the American continents
show remarkable apportionment of variance among populations (Posth et al., 2018; Sardi
et al., 2005; Wang et al., 2007), showing that native American populations are far from
homogeneous. This higher diversity between populations is true when considering the
entire American population, and also when only samples of Central America are consid-
ered (Wang et al., 2007)

The diversity of native American populations is already observed early on the history
of human presence in the continents. While the genetic evidence points to a common
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Posth et al., 2018), the study of the earliest human remains found in the continent supports

remains on the continent share craniofacial characteristics that differ from the morpho-
logical pattern seen among recent native North, Central, and South American populations
(Gonzalez-José et al., 2008; Hubbe et al., 2010, 2011; Menéndez et al., 2019; Von Cramon-
Taubadel et al., 2017). Indeed, early South American populations show higher affinities
with groups from Australo-Melanesia than with modern Native Americans (Hubbe et al.,
2011; Neves & Hubbe, 2005), which suggests that early South American populations (and
some early North American populations as well) share a craniofacial morphology that
is less derived than what is observed among modern east Asians and Native Americans
(Hubbe et al., 2011; Von Cramon-Taubadel et al., 2017). The differences are of such magni-
tude that it has fueled long debates about whether they are the result of multiple migra-
tions into North America (Neves & Hubbe, 2005), the result of convergent evolution on
the continent (Perez et al., 2011), or the result of progressive gene-flow from Asia into the
American continents (Gonzalez-José et al., 2008). Recent ancient DNA data recovered from
a few early South American skeletal remains suggest that South and Central America may
have been occupied through multiple waves of migration, even if multiple waves of dis-
persion from Asia into North America are not supported (Posth et al., 2018).

The morphological diversity at the end of the Pleistocene/beginning of the Holocene
varies across continents. In South America, all known skeletal remains older than around
eight thousand years BP share a similar morphological pattern, usually referred to as “Pa-
leoamerican” (Neves et al., 2007; Neves & Hubbe, 2005, but see Kuzminsky et al., 2018
for exceptions to this pattern in Chile), suggesting relative biological homogeneity for
the first millennia of human presence in the continent. In North America, the scenario
is less clear, since there are very few preserved skeletons dated to the early moments of
human occupation of the continent. However, among the few skeletons available there
is a remarkable diversity of morphological patterns (Hubbe et al., 2020; Jantz & Owsley,
2001), which suggests that in North America there was much more biological diversity
in this period when compared to South America. If this is the case, some of the biologi-
cal diversity was filtered out as populations moved south from North America to occupy
South America, resulting in the southern continent sharing only a portion of the variance
observed in the northern continent. However, with the lack of well-preserved early skel-
etons in Central America, it is currently unknown if Central American populations had
diversity levels more similar to the northern or to the southern continent.

This discussion assumes special relevance for the topic of this special volume, given
that if multiple waves of migration came from North America into South America, they
must have crossed Central America, contributing genetic and phenotypic diversity to lo-
cal populations already during the earliest moments of human presence in the region. As
a consequence, the discussion about the morphological and biological diversity during
the first millennia of human presence in the continent is important for two reasons. First,
it demonstrates that the degree of differences among populations has been significant
since early moments of human presence in the continents. Second, it shows that the bio-
logical diversity of Native Americans is not homogeneous and has changed over time.
Moreover, there is evidence of a few surviving populations that share similar morphologi-
cal pattern as the early North and South Americans in Central Brazil (Strauss et al., 2015),
Patagonia (Lahr, 1995), and Baja California (Gonzalez-José et al., 2003), which reinforces
the point that morphological diversity in Central America, and in North America and
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and admixture, some of them possibly extending back for several thousand years.
Craniofacial phenotypic plasticity

Given that craniofacial morphology is the base layer for the growth and development
of the chewing apparatus, and therefore has direct implications on oral health (see the
other articles in this Dossier), it is important to briefly review the different degrees of
phenotypic plasticity observed in different regions of the skull, before further contextu-
alizing the sources of variation in the craniofacial morphology of native North, Central,
and South American populations. Craniofacial morphology is the result of the interaction
between complex polygenic and hierarchical genes that regulate the growth trajectory
of several different functional models in the head, with different levels of integration be-
tween them (Bastir & Rosas, 2009; Collard & Wood, 2007; Klingenberg, 2008, 2013; Lie-
berman et al., 2000; Paschetta et al., 2010). The degree to which the different modules
respond to environmental stimuli during growth and development is variable and, as a
consequence, different regions of the skull and face have higher plasticity and also higher
evolvability. A comprehensive review of the process has been published by Lieberman
(2011), but briefly it is possible to divide the skull into three macro anatomical regions
that will show different degrees of plasticity associated with their development timing.
The first region encompasses all the bones and tissues surrounding the brain, i.e., the
neurocranium. The neurocranium develops faster than the rest of the skeleton, as brain
development follows an accelerated growth trajectory compared to the rest of the body.
This results in a smaller window of time for environmental stimuli to pressure changes in
the final shape of the skull, resulting in a relatively high genetic contribution to the final
shape of the skull. In other words, the neurocranium shows moderate to high heritability
(Carson, 2006; Martinez-Abadias et al., 2009). This does not mean that the region is not
inherently plastic, however, as can be demonstrated by the practice of intentional cranial
vault deformation in many societies worldwide until recently (Torres-Rouff, 2020).

The second macro anatomical region is the face, particularly its infra-orbital region.
Distinct from the neurocranium, facial growth follows the same growth trajectory as the
rest of the body, and only finishes growing when individuals reach adulthood. All else re-
maining the same, the longer window of growth means that environmental stimuli have
more time to impact the growth of the facial skeletal structure, compared to neurocra-
nium (Lieberman, 2011). Moreover, the bones of the face interact with most of the major
muscles related to mastication, swallowing, and facial expressions, which create a very
dynamic environment for their development as they respond to the different forces that
act upon it. As a consequence, the facial region’s morphology shows a larger contribution
of the environmental context of the individual’s growth, reflected in higher plasticity and
overall lower heritability than the neurocranium (Carson, 2006).

The final region of relevance to the discussion presented here are the teeth. While not
strictly part of the skeletal system, teeth play an evident role in the masticatory system
and are often associated with aspects of oral health. Teeth are relevant as well in that they
show a development progress that is much shorter than what is observed in the rest of
the skeleton, with most of the key features of dental crown morphology fully developed
in the first years of life of a person. Teeth are considered to be highly non-responsive to
environmental stimuli and tend to show high heritability values (Dempsey & Townsend,
2001; Paul et al., 2021; but see discussions about different factors affecting tooth mor-
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morphological variation, with many different genetically controlled phenotypes known

ness, among others. This variation has been studied through the evaluation of the fre-
quency of traits and specific morphological patterns have been linked with specific re-
gions of the planet (Scott & Turner, 1997). For instance, most Native American populations
show derived dental phenotypes that are quite distinct from what is observed in other
continents (Scott et al., 2018).

By themselves, the different degrees of response to environmental factors during
growth and development can impair oral health, which merits consideration. For exam-
ple: changes in diet associated with cooking food and access to processed food items
results in significant reduction in the chewing demands on people, which translates it-
self to under-development of the masticatory muscles. This, in turn, results in a reduced
stimulation of the bone tissue of the lower face, causing overall smaller maxillary and
mandibular arches. While a smaller face is not by itself a significant problem, it becomes
so when teeth are not responding similarly to these pressures, and continue to grow on
trajectories that are defined by genes shaped in an evolutionary context prior to food
processing. As a result, modern populations see significantly more cases of dental over-
crowding and malocclusion and all oral health and masticatory function issues that de-
rive from it. Archaeological evidence suggests this is directly tied to changes in life-style,
as the adoption of agriculture between 12,000 and 8,000 thousand years BP correlates
with increased frequency of malocclusion (Pinhasi et al., 2015).

Therefore, the different factors that shape the craniofacial variation in a population,
from those that contribute to making them different from other populations worldwide
to the ones that contribute to the variance accumulated within the population can be
important aspects of the masticatory function and oral health of a group. For this reason,
| argue that taking them into consideration becomes important in the development of
practices that will maximize the effectiveness of dental treatment among Central Ameri-
can populations.

Factors contributing to craniofacial morphological diversity
in North, Central, and South America

Besides the morphological diversity that derives directly from the biological variation
of the first populations that occupied the American continents, several factors helped to
shape and structure the morphological characteristics of Native American populations
across space and time. As mentioned previously, it is hard to define a homogeneous mor-
phological type for native populations in North, Central, or South America (despite the
common practice of grouping these populations together; see Menéndez et al., 2022, for
a discussion about this topic). Besides the genetic background of native populations, en-
vironmental and cultural factors also shape significant portions of the morphological di-
versity of these populations. As a consequence, the amount of diversity observed across
the continents varies depending on local contexts.

Starting with a broad overview, there is more morphological homogeneity in the cen-
tral parts of North America and the Andean region of South America, due to the shared
biocultural background of populations in each of these regions and the facilitated gene
flow that resulted from these historical processes (e.g., Hanihara, 2008; Howells, 1990;
Kuzminsky et al., 2018). However, in regions like the mainland of Mexico (Herrera et al.,
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are considerable morphological differences among populations. This is probably the re-

cultural traits such as linguistic diversity (e.g., Nettle, 1999; Nichols, 1990). Once again,
given this diversity across the continents, it is hard to describe the level of morphological
diversity in Central America until more regional comparative studies are published. How-
ever, it is expected that the Native American component of local morphology is already
quite diverse in the region, and therefore should be considered carefully in studies of
craniofacial morphology of Central American populations.

Given the different levels of plasticity and responses to environmental stimuli in dif-
ferent parts of the skull, environmental factors are important to consider in the charac-
terization of native American morphology. This is especially true if the focus is on facial
morphology, given its relatively higher plasticity. Indeed, several different c ultural a nd
environmental factors have been shown to impact craniofacial morphology in the Ameri-
can continents. Adaptation to cold environments, for example, have been described in
populations living in higher latitudes in North America (Hubbe et al., 2009), causing these
populations to show high morphological similarities with each other, despite the geo-
graphic distance that separates them. On the face, adaptations to cold environments are
most pronounced around the nasal cavity, and have been hypothesized as being the result
of responses to increase thermoregulation of air flow into the lungs (Hubbe et al., 2009).

While adaptations to cold are not a relevant factor in Central America, they illustrate
well the impact that environmental pressures can have on the craniofacial morphological
pattern of Native American populations over time. Much more relevant to the morpho-
logical diversity of Central American populations is the impact that changes in subsis-
tence practices have on facial morphology. Indeed, studies have shown that the tran-
sition from foraging to agriculture has had a significant impact on the morphology of
Native American populations (Gonzalez-José et al., 2005; Perez et al., 2011), especially in the
lower face. Most these changes are not just about the adoption of agriculture, but of the
overall properties of the food consumed and how it is engaged with the masticatory
musculature and skeletal tissue (but see Menéndez et al., 2014). As such, it is expected
that agricultural populations with different diets of food preparation practices would
accumulate significant morphological differences as well. However, while this prediction
is supported by some studies, this topic has not been explored in detail among Native
Americans.

Ecological diversity also seems to play a role in how differentiated p opulations are
from the perspective of craniofacial morphology. Higher ecological diversity in the Amer-
icas seems to be correlated with increased morphological diversity, especially when com-
paring west (relatively low diversity) and east (relatively high diversity) South America
(Menéndez et al., 2019; Pucciarelli et al., 2006). The expectation in this case is that higher
ecological diversity can support more autonomous populations that can adapt to spe-
cific environments and limit their gene flow with neighboring groups, accelerating the
process of biological and cultural differentiation over time. This topic has been only su-
perficially studied in modern human populations from the American continents, however
it is potentially relevant for discussions about Central America craniofacial characteristics
given the very high ecological diversity in the region.

As it is clear by now, there is little data available of craniofacial diversity for Central
American populations, but this brief review demonstrates that the expectations derived
from studies of North and South America are of high morphological diversity across na-
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mixture with European and African populations is taken into account. As recent genetic

non-native American genes to many native Central American populations, which will in-
variably affect the morphological patterns of modern populations. Again, this contribu-
tion of admixture to Central American populations has not been explored enough, but
it has the potential to inflate the variability seen in craniofacial morphology among and
within local populations, and becomes of relevance to discussions of oral health inter-
ventions inasmuch as craniofacial morphology plays a significant role in the growth and
development of the masticatory complex.

Final considerations

As this article and others in the Dossier “Anthropology meets Dentistry in Central
America: Research and education in oral biology” have argued, the morphology of the
masticatory apparatus has a very significant impact on masticatory function, oral health,
and overall well-being. However, the connections between morphology and function are
not fully understood and most available models do not take into account the morpho-
logical characteristics of Central America populations. In this article, | briefly reviewed the
current knowledge about morphological diversity in North, Central, and South Ameri-
ca, and argued that not enough is known about the craniofacial morphology of Central
American populations

The challenges with understanding the origins of craniofacial morphological variation
in Central America stem from the lack of known past skeletal collections, limited preser-
vation, and relatively little investment in the research of current human groups. While it
is possible to infer some of the biological background of Central America from the stud-
ies of North and South American populations, these inferences are limited by the fact
that Central America may have had multiple distinct roles in the population movements
that happened between the northern and southern continents. What is clear, however,
is that high morphological diversity should be expected in Central America, as a result
of the different factors (genetic, environmental, cultural, historical) that contributed to
Native American phenotypic variance. Therefore, even though much study is still needed
about the craniofacial morphological background of Central Americans, it is evident that
1) modern Central Americans share a facial morphological pattern distinct from other
populations, which means that applying models developed for other groups may not
be appropriate in this context; and 2) understanding regional variation in craniofacial
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