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This broad literature review considers advances in the study of cranial vault modification with an emphasis on
investigations of Andean skeletal remains over the last two decades. I delimit three broad categories of research,
building on Verano’s synthesis of the state of Andean paleopathology in 1997. These are associations with
skeletal pathological conditions, classification and morphology, and social identity. Progress is noted in each of
these areas with a particular emphasis on methodological advances in studying morphology as well as the

growth of contextualized bioarchaeology and the incorporation of social theory in the consideration of cranial
modification as a cultural practice. The article concludes with avenues for future research on head shaping in the
Andes specifically and paleopathology more broadly.

The practice of shaping the head (Fig. 1) occupies a liminal space in
bioarchaeological and bioanthropological studies—it is both pathology
sensu lato and direct evidence of culture imposed on biology. Cranial
modification, particularly in the Americas, has been a source of fasci-
nation for centuries, with colonial writings extensively documenting
this practice in both Mesoamerica and the Andes (see Zabala, 2014).
Since then it has formed the foundation of a series of early works en-
gaged primarily in documentation and classification exercises (i.e.,
Allison et al., 1981; Dembo and Imbelloni, 1938; Dingwall, 1931;
Weiss, 1958, 1961) and over time become an increasing focus of study
within the burgeoning field of bioarchaeology. In his assessment of the
state of paleopathology in Andean research over two decades ago, John
Verano (1997a, 251) dedicates a small section to what was then com-
monly referred to as “cranial deformation”’ and focuses specifically on
the intentional practices of head shaping. In this treatment of cranial
modification within the Andean sphere, Verano (1997a) speaks pri-
marily to the description and classification of the practice of head
shaping, concluding by mentioning the innovative work by Hoshower
et al. (1995) that provided a more nuanced approach to understanding
head shape and social identity. The study of cranial vault modification
remains an active field of inquiry in bioarchaeology and these in-
vestigations have expanded and diversified in the 20 years since Verano
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turned his attention to it. In that time, we have continued to see only
the occasional exploration of health and pathological effects tied to
binding. Importantly, we have seen an ongoing and significant focus on
morphology, integrating new technologies, and moving beyond simple
classification. Finally, there has been a notable and important growth in
work that considers cultural context writ large in the study of head
shaping to provide a more nuanced read on what is ultimately a cultural
practice. Framed by this early synthesis, below, I review some of these
advances and highlight future prospects for work on cranial vault
modification in the Andes.

1. Cranial modification as pathology?

The integration of the cultural practice of cranial vault modification
into considerations of paleopathology has a long history, beginning
with the volumes mentioned above and extending into modern treat-
ments (e.g., Aufderheide and Rodriguez-Martin, 1998; Ortner, 2003;
Ortner and Putschar, 1981; Roberts and Manchester, 1995). Ortner and
Putschar, in their landmark volume on pathological conditions in
human remains (1981:90), note that it is a form of “chronic, low-grade
trauma” and explore it as such, arguing for the importance of differ-
entiating this from pathological processes that can alter bone shape

! The practice of artificially altering head shape has gone by many names, including being grouped as one of many body “mutilations” (Dingwall, 1931; Gerszten
and Gerszten, 1995) and as a form of “deformation” for most of the Twentieth century. While not an inherently derogatory term, as deformation simply refers to a
distortion of shape, it is frequently conflated with ‘deformity’ or ‘malformation’ whose implications do not coincide with our understanding of this common cultural
practice. In consequence, most contemporary bioarchaeological work employs the more neutral ‘modification’ as a means of discussing the practice, thereby em-
phasizing alterations to form. These semantic choices frequently include adjectives such as ‘artificial’ or ‘intentional’ to further differentiate within modifications as
appropriate. I choose here to also prioritize the use of ‘head shaping,” to specifically draw attention to this as an act or social practice among these communities.
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Fig. 1. Shaped heads from San Pedro de Atacama, Chile (A: Tabular oblique form, B: Tabular erect form, both Museo Le Paige s/n).

(1981:92) and making note of potential minor pathologies, which
Ortner later classifies as “mainly cosmetic” (2003:164), that can result
as complications from the practice. Subsequently, Aufderheide and
Rodriguez-Martin (1998:34-36) also classify the practice as one of
several “traumatic conditions” in their comprehensive treatment of
human paleopathology, dedicating some discussion to the apparatuses
and types of pressure involved in addition to speaking to the growth of
the brain and the impact of associated pathologies resulting from the
modification itself.

While cranial vault modification is not a disease process, the im-
portance of correctly identifying the cultural practice of head shaping
remains vital to studies of paleopathology because of the myriad ways
that pathological conditions as well as life course events can alter head
shape. That said, most alterations to natural head shape in contexts
where cultural practices are seen likely result from these interventions
on the body. Ortner (2003:163) speculates that some occipital flat-
tening or asymmetry could be the result of sleeping on hard surfaces, a
subject that has gained currency in the modern era as a result of the
1990s “Back to Sleep” initiative fostered as SIDS prevention, wherein
infants are preferentially lain on their backs (American Association of
Pediatrics, 2019). Nevertheless, these unintentional practices fre-
quently involve only the back of the head and can be readily differ-
entiated from intentional head shaping.

Broadly speaking, the intentional alteration of head shape is not
easily confused with pathological conditions. However, some con-
sideration can be given to micro-, macro- and hydrocephaly, osteoma-
lacia, and, most importantly, craniostenosis. Micro- and macrocephaly
are relatively rare conditions that affect head shape, but can also gen-
erally be differentiated from cultural cranial modification in that they
typically retain the original shape of the cranial vault, affecting only
size. Macrocephaly generally results in a “proportionately large, yet
normal skull”, while the slightly more common microcephaly usually
results from failure of the brain to grow and presents as “a pro-
portionally enlarged face relative to the rest of the cranium” (Mann and
Hunt, 2005:63). In contrast, hydrocephalus results from an “abnormal
accumulation of fluid” and produces enlargement of the skull; however,
it is also tied to the presence of expanded sutures (Aufderheide and
Rodriguez Martin, 1998:57). Other possible points of confusion dis-
cussed in the paleopathological literature involve osteomalacia, a dis-
order related to a deficiency of vitamin D or malabsorption of vitamin D
and calcium, that can cause some growth of the skull (Ortner 2003:398-
401). However, most effects are visible on the trunk of the skeleton
while the skull is typically only slightly affected with diffuse porosity
and low weight bones.

Finally, craniostenosis (also craniosynostoses), or the premature
fusion of cranial sutures can cause significant changes to the shape of
the skull that, depending on which sutures are affected, can produce
effects similar to intentional modification (Aufderheide and Rodriguez
Martin, 1998:52-54; Ortner 2003:460-463). Crania affected by this can

have evidence of limited development in a given direction as a result of
which suture has closed and when during development it occurred,
including dramatic cases of plagiocephaly as a result of asymmetrical
suture closure. This can have varied etiologies, for example, hereditary
disorders like Crouzon’s syndrome; however, in many cases there is no
clear etiology. That said, barring complete obliteration of the sutures,
the inconsistent patterning of suture closure can help determine the
presence of craniostenosis versus the presence of intentional mod-
ification. This does raise an interesting consideration as to whether the
presence of binding apparatuses may have promoted premature suture
closure as suggested by Guillén (1992, cited in Aufderheide and
Rodriguez Martin, 1998:52) and White (1996), a topic that has not been
revisited in depth notwithstanding the growing volume of morpholo-
gical work on head shaping.

2. Cranial modification’s association with pathology

Despite the discussion above about the practice of head shaping
being classified as a pathological condition in synthetic pieces and
potentially confused with other alterations to head shape, it is inter-
esting to note that study of the health consequences of the practice itself
are few and far between, especially in the last twenty years. In part, this
likely stems from the relatively minor sequelae that have been noted in
relation to head shaping—primarily porosities that may result from the
pressure of the binding itself, potential oral-facial modifications, and a
suite of potential complications resulting in premature suture closure
(Aufderheide and Rodriguez-Martin, 1998:36, 349; Ortner and
Putschar, 1981:92). Further, other spectra of pathological effects may
not be observable in skeletal remains.

In morphological studies, comments have also been made about
changes to cranial form that may have health consequences. For ex-
ample, alteration of orbital shape and symmetry, the presence of su-
prainiac depressions, and even dramatic plagiocephaly resulting from
uneven binding pressures may have related health consequences that
are not clearly documented in skeletal remains (e.g., Antén, 1989; Bjork
and Bjork, 1964; Gerszten, 1993; Lekovic et al., 2007; O’Brien and
Sensor, 2004; Ogura et al., 2006; Tiesler, 1998; Tubbs et al., 2006). A
handful of publications tackle pathological concerns as they intersect
with morphology, occasionally via examination of crania from the
Andes. Not entirely surprisingly given the preponderance of head
shaping in prehistory, they mostly conclude that these impacts, where
present, are generally minimal. For example, in a survey of the pat-
terning of cranial and oral health indicators in modified crania from
Peru, Okumura (2014) found that patterns of cranial modification had
no significant relationship to a suite of osteological markers (in this
case, cribra orbitalia, cranial trauma, antemortem tooth loss, dental
caries, and periodontal cavities). Pechenkina and Delgado (2012)
compare cranial shape with health and status in their research at Villa
El Salvador, Peru, finding that these patterns correlate and likely are
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Fig. 2. Broad categories of Andean head shaping (after Ant6n, 1989).

related to the different populations occupying the formative central
coast of Peru and are not directly related to modification. Other work
focused more directly on morphological effects and their repercussions
also demonstrate little in the way of pathological complications. For
example, Jiménez et al. (2012) used a Peruvian collection to explore the
effects of cranial shaping on dental occlusion finding little to no effect
regardless of type or symmetry of the modification. Overall, these pa-
pers reaffirm earlier findings that attribute little observable damage to
individuals as a result of the process of head shaping.

In contrast to these more benign points, Mendonca de Souza et al.
(2008) argue that the act of modifying the head of an infant from the
Chillén Valley in Peru was the cause of death, a relatively rarely
documented event, although one spoken of by Spanish chroniclers.
Tiesler (1998) has also noted a significant difference in age at death
between modified and unmodified Maya individuals. She has later co-
gently argued that “daily modeling practices, which at least in pre-
Hispanic thought were deemed a means to protect the infant’s health
and integrity, sought to avoid any such side effects, although some
nuisances may have been accepted by the practitioning caretakers for
the sake of the expected benefits” (2014:55). This aspect of head
shaping is likely reflected in the few cases of death that can be tied to
this practice. In all, while a relatively small amount of work continues
in this field, it offers places for exploration that have relevance to our
study of the practice, if less so to our specific understanding of the
Andean context

3. Morphology

Explorations of morphology, be they exclusively focused on ty-
pology and classification or more broadly concerned with documenting
the unaffected parts of the skull to assess utility for other studies, have
been a constant in anthropological study of cranial modification (e.g.,
Antén, 1989; Antén et al., 1992; Bjork and Bjork, 1964; Cheverud et al.,
1992; Cheverud and Midkiff, 1992; Cocilovo, 1975; Dean, 1995;
Droessler, 1981; El-Najjar and Dawson, 1977; Gerszten, 1993; Gottlieb,
1978; Kohn et al., 1993, 1995; Konigsberg et al., 1993; O’Loughlin,
1996, 2004; Ossenberg, 1970; Pucciarelli, 1971; Sheets, 1977; Varela
et al.,, 1993; White, 1996). Cranial modification is frequently docu-
mented by bioarchaeologists working in Andean skeletal collections;
however, these are not consistently reported. At some level this reflects
the substantive variation between geographic regions and the necessity

of different quantifiers and qualifiers for modification practices de-
pending on the research questions in play. This has resulted in a breadth
of approaches of typology from simplified (Fig. 2) to complex (Fig. 3)
that have specific relevance to research questions posed by authors and
to the patterns of any given region. In this way, attempts to create a
standardized approach (i.e., Buikstra and Ubelaker, 1994) have mostly
been used as a foundation upon which scholars build, modify, and re-
focus their data collection. Consequently, much research is only com-
parable at the level of presence/absence or perhaps broad categories.
However, this breadth of styles and the lack of cranial modification
practices among some pre-Columbian groups stresses the need to
document and classify inasmuch as possible the practices seen
throughout the Andes.

The growth of digital technologies capable of characterizing mor-
phology has also been reflected in a surge of recent work using these
techniques. Nevertheless, it is also here that there are a substantial
number of papers that simply use typically well-preserved Andean
material to focus on questions of morphology without larger con-
siderations of the cultural developments specific to these populations.
Cheverud and Midkiff (1992:167) referred to head shaping as “a ‘nat-
ural’ experimental system in which to study developmental relation-
ships between parts of the growing skull.” Not surprisingly, the Andes
frequently serve as a laboratory for these morphological investigations
due to its large, well preserved collections and variation in practices.

Assessment of shape and the morphological changes wrought by
cranial modification have produced a suite of papers primarily focused
on local cases. Employing traditional metric techniques, some scholars
(e.g., Cocilovo and Costa-Junqueira, 2001; Cocilovo et al., 2011;
Pomeroy et al., 2010) have presented means for defining and differ-
entiating between categories and degrees of modification. This includes
O’Brien and Stanley, 2013 interesting work on skulls from throughout
the Andes that included assessment of normal variation and a quanti-
tative approach to the analysis of whether a skull was modified. Re-
search such as that by Soto-Heim and Quevedo (2005) exploring
asymmetry in Chilean skulls also fits this mold. Concurrently, a number
of scholars have adopted geometric morphometric techniques to get at
these same questions of classification and documentation of modified
head shape (e.g., Manriquez et al., 2006, 2011; Pérez 2007; Salazar
et al., 2014; Serna et al., 2012) and used it to explore morphological
differences among and between groups in the Andes. These works have
served to document the utility of this technique for detailed analyses of
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Fig. 3. Detailed taxonomy of Andean head shaping (after Allison et al., 1981).

modified shape. As Kuzminsky et al. (2016) note in their work em-
ploying 3D imaging and geometric morphometrics with remains from
northern Chile and southern Peru, these techniques can be used not
only to differentiate modified and unmodified crania, but also to es-
tablish degrees of standardization of the practice within type or within
and between communities. This is an important advance and one that
may have significant bearing when applied to broader contextualized
studies.

The second broad category of papers speaking to morphology spe-
cifically explores the effects of the practice on the metric and non-
metric characters of the skull. The suite of early work on crania from
around the world, mentioned above, laid a foundation for this type of
research. The cranial index, for example, was an early metric indicator
in skeletal biology that was used for morphological classification, and
cranial modification practices significantly impacted the range of

variation. While there is ongoing work on subjects such as sutural
complexity, the strongest contribution of these pieces is in their as-
sessment of the effects on metric and non-metric traits in an effort to
provide a methodology for integrating these crania in other studies of
evolutionary relationships and affinity (e.g., Boston et al., 2015; Del
Papa and Pérez, 2007; O’Brien and Sensor, 2008; Rhode and Arriaza,
2006). In fact, Verano (1987) confronted these same questions in his
dissertation work on Pacatnamu noting that the effects were significant.
Such works have found between-population variation in metric traits,
but less overall effects on the presence of discrete traits. As such, they
have affected methods and research questions in some areas. Im-
portantly, they have opened the door for significant work exploring the
relationship between population groups and the complex migration
history of the pre-Columbian Andes. For example, Sutter and Mertz
(2004) successfully employ modified and unmodified crania in their
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argument for biological continuity in northern Chile’s Azapa Valley.
The information derived from these morphological studies has sig-
nificant value as scientific work for its own sake, therefore shaping our
approaches to studying cranial modification and also allowing for the
use of Andean skeletal material in studies of population biology. In
recent years, these papers have yielded methodological refinements and
approaches that are now foundational to much scholarly work with
head shaping practices.

4. Social identity

In his survey, Verano (1997a) notes that head shaping serves as an
important social marker in need of better cultural and temporal defi-
nition, something that a number of scholars have tackled. This includes
those works focused directly on the practice at a particular site or in a
region, but also those that integrate cranial modification into broader
considerations of the lived experience including addressing questions
about the intersection with other bioarchaeologically visible indicators
of sex, violence, diet, or geographic origins. I would argue that this area
has seen the most significant change in the study of cranial modification
over the past twenty years. The contextualization of cranial modifica-
tion as a cultural practice has significantly informed our understanding
of the lives and societies of pre-Columbian Andean peoples. The works
that approach this, incorporate contemporary thinking on social theory
and the embodied life into scientific analyses of cranial shaping and
Andean prehistory.

Within the investigation of cranial modification as a sign of social
identity a series of articles have focused on it as an indicator of ethnicity
(e.g., Blom, 2005; Torres-Rouff, 2002), building on the pioneering
theoretical work of Barth (1969), who argued that ethnicity was a social
construction defined through regular interaction with other groups.
More salient to the recent contextualized investigations into head
shaping and its social implications have been theoretical considerations
of the body as material culture (e.g., Sofaer, 2006) and embodiment
(e.g., Meskell and Joyce, 2003). Considerations of the body as material
culture focus on integrating the broader osteological and biological
research that is key to bioarchaeological research with an under-
standing that the body is also a social construct (Sofaer, 2006; see also
discussions in Agarwal and Glencross, 2011; Joyce, 2005; Meskell,
1998). As such, Sofaer (2006) posits that an understanding of the in-
dividual body in its specific context can yield information on how
bodies were used to express social lives. While this work has been
successfully employed in cranial modification studies, it is well com-
plemented by recent research embracing the perspective of embodi-
ment. These approaches take influence from Bourdieu and numerous
gender scholars, promoting a view that engages with the experience of
lived bodies including movement, consumption, and practice (e.g.,
Buikstra et al., 2011; Meskell and Joyce, 2003; see also discussions in
Geller, 2009; Perry and Joyce, 2001). Similarly, there are potential
future areas of growth in our study of head shaping through con-
siderations of relational identity (Hernando, 2015) and intersectionality
(Cho et al., 2013). Together these theoretical perspectives can provide a
complex view on the interactions of the body with society and allowed
for this to frame our understanding of head shaping practices as specific
and in conversation with culture, identity and child-rearing practices.

The Hoshower et al., 1995 article called out by Verano is a classic
example of this earlier approach focused on self-definition of groups.
They argue that the patterns of homogeneity they find internal to ce-
meteries in the Omo M10 cemetery complex in Peru’s Moquegua Valley
contrasts with heterogeneity between cemeteries and “represents clus-
ters of kin groups or ayllus whose composition changed over time”
(1995:161). We also see this perspective in more recent publications
such as Lozada’s (2011) work involving Chiribaya skeletal samples
where she focuses on the social import of head shaping as a sign of
ethnicity, as reflected in economic activity for these groups. Interesting
recent treatments include Prieto et al. (2019) work on a mass child
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sacrifice in the Moche Valley where cranial modification is used to-
gether with other indicators to argue for the multiethnic origin of these
children.

Of note are the particularly thoughtful and well-researched con-
siderations offered by Blom and colleagues exploring cranial mod-
ification practices and the embodiment of identity among the Tiwanaku
(Blom, 1999, 2005; Blom and Knudson, 2014; Blom et al., 1998). In
these works, Blom overlays biological relatedness to explore the ways
that cranial modification practices reflected social organization and
tracks meaningful comparisons across the Tiwanaku territory in Bolivia
and Peru. For example, she demonstrates that the contrast between
homogenous patterning of head shape in the Tiwanaku colonies and the
tremendous diversity in the core likely reflect the power of the core to
draw people from disparate parts of the Andes. My own research owes a
debt to this model (Torres-Rouff, 2002, 2003, 2007), which I then ex-
panded through collaborative work to explore cranial modification as
one aspect of social identity in conversation with material culture and
other aspects of bioarchaeological analysis, including biological affinity
(e.g., Torres-Rouff et al., 2013) and geographic origins (e.g., Knudson
and Torres-Rouff, 2009, 2014). Cranial modification in Chile’s Atacama
Oases therefore, is not a monolithic display of “Atacamefio-ness” but
rather a more complex reflection of one element of identity that in-
tersects with numerous others in the mortuary context. In my work, this
ultimately lead to the presentation of a model for an integrative and
contextualized view of identity in the Chilean Atacama that goes be-
yond solely cranial modification to consider the body and the grave in
myriad ways (Torres-Rouff and Knudson, 2017).

In this vein, the recent work of Velasco (2016, 2018a, 2018b) and
Kurin (2014, 2016; Kurin et al., 2016) in Peru succeeds in presenting a
complex and intersectional consideration of the practice. Velasco in-
corporates some of these more established approaches regarding bio-
logical heterogeneity in the Colca Valley (2018a), but also successfully
explores the role of head shaping in ethnogenesis and social differ-
entiation. He argues that the standardization of the practice may well
have masked varied life experiences (Velasco, 2018b). Kurin (2014)
also tackles this topic by correlating head shape with changing group
boundaries, and interestingly, with warfare and mobility, as well. Ul-
timately, she argues that among the Chanka, head shape may have
marked a social affiliation that led to “excessive, repeated, often lethal
violence” (Kurin et al., 2016:100). The recent work of Mannheim et al.
(2018) took a broader look at head shaping across time in Peru, arguing
for ties not only to personhood and social differentiation but also as a
means of crafting a social landscape. This type of work not only
documents varied cranial modification practices, but also addresses
issues of greater significance to our understanding of Andean pre-
history.

Verano’s own investigations into cranial modification on the north
coast of Peru suggest that the practice there did not embody social in-
formation in the same way that we see it elsewhere in the Andes. He
documents an unintentional and frequently asymmetric flattening of
the crania that may reflect social practices of childrearing but not serve
the function of conveying group identities (Verano, 1997b:673,
1997¢:192-193). Klaus’ work (2008:250, 497) reinforces these asser-
tions, documenting an overwhelmingly frequent presence of head
shaping that is not tied to definable aspects of identity in skeletal
samples from the Lambayeque Valley. That said, these works also
contribute to a contextualized bioarchaeological approach to our un-
derstanding of cranial modification by alluding to the daily practice of
individuals and caregivers in this region.

This shift towards contextualized research is not limited to the
Andes. A similar movement is seen in Mesoamerica, where the study of
cranial modification has been enhanced by focusing on a social con-
ception of the body and the integration of records and archaeological
analyses that situate the practice within its cultural context (e.g.,
Duncan, 2009; Duncan and Hofling, 2011; Duncan and Veil, 2018;
Geller, 2006, 2011; Tiesler, 1998, 2010, 2011, 2014). This body of
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work has developed a number of sophisticated approaches, and as such,
represents a strong influence and parallel to approaches in the Andes.
The recent publication of an edited volume that unites considerations of
social aspects of the head, including and beyond head shaping, in both
the Andes and Mesoamerica (Tiesler and Lozada, 2018a) is testament to
this burgeoning intersection and research field focused on the head as a
nexus of social practice and perhaps suggests the possibility of future
work with a broader view of cranial modification.

5. Conclusion

In sum, there has been productive growth in research in all three of
these major areas over the past 20 years, contributing much to our
understanding of the lived experience for individuals in Andean pre-
history. Tiesler and Zabala (2017) take this further in their survey of
head shaping practices in the pre-Columbian and post-contact Americas
writ large. They argue, that in using this broad geographic approach,
what they see is a “diversity in meanings and outcomes” suggesting that
even with the colonization event acting as a homogenizing force, the
diversity that existed in these practices before conquest was enough to
lead to myriad paths of transformation and persistence. In their recent
introductory chapter to Social Skins of the Head, Tiesler and Lozada
(2018b) explore the importance of the head in life and in ideology
during the pre-Columbian period and after in a way that may serve as a
model for this type of broad and synthetic consideration of head
shaping in prehistory and in the Andes. That said, most published re-
search focused on the practice of intentional head shaping in the Andes
tends to be locally focused, and at this point, we have no major
syntheses of the practice in the Andes or among widespread Andean
groups along the lines of what has been developed for the Maya (e.g.,
Tiesler, 1998, 2014). At some level, this corresponds well with current
understandings of the practice in most parts of the Andes, as head shape
serves as a locus of local social identities or local social practices and
clearly has significant variation across the region. Moreover, this also
supports our current understanding of social identities that embraces
the intersectional nature of identity and thus leads us to consider more
than just the forms but also the ways in which those forms were made
and read.

The tremendous advances in the study of cranial vault modification
do not preclude the need to consider areas where this research could be
expanded in the future. For example, there is no clear consensus as to
whether crania must be complete to assess the presence of modification
and papers often shy from detailing this, yet it could provide insight if
the practice were visible on certain fragments but not others. This
would facilitate comparisons and work in regions outside the Andean
deserts where preservation is often excellent. Beyond more work in the
areas detailed above, it is worth coming back to Verano’s article, where,
for example, he highlights that cranial modification is inherently tied to
the “complex interplay between a specific deformation device and a
growing infant cranium” (1997a:251). This consideration, not just of
the malleability of the infant cranium, but of the potential compensa-
tory growth and alterations to intended shape that are the natural
product of growth and development, merit study such that our under-
standing of cranial modification might have a stronger grounding in
anatomy and physiology. The new techniques employed in 3D imaging
and geometric morphometrics might come into play here, allowing for
documentation of age series and different shape progressions.

It is also worth exploring another area Verano mentions in passing,
the unintentional flattening of the head resulting from cradleboards and
other child-rearing techniques. As Tiesler and Zabala, 2017:305) this
distinction may oversimplify “the multi-layered meanings of most na-
tive head-compression practices, some of which were clearly unrelated
to the visible head morphology.” While cradleboarding practices have
not been considered in depth in recent decades, these practices likely
produce modifications to head shape that differ from those produced
through intentional binding in degree and potentially in symmetry and
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similarly may contribute to our understanding of Andean prehistory
(e.g., Clark et al., 2007; Kohn et al., 1995).

However, exploration of the nature of this child-rearing practice
might yield varied and applicable insights to our understanding of the
role head shaping played in prehistory. In his publication, Verano
(1997a) notes the presence of these apparatuses in the material record;
however, there has been little to no research on this since then and this
avenue provides a strong complement to work on intentional mod-
ifications and may ultimately help define them. Similarly, other than
the occasional work (e.g., Soto-Heim, 1987), very few scholars have
touched on the significance and association of head shaping practices
with headdresses and hairstyles. Of course, the study of these, as well as
of cradleboards and modifying apparatuses, are impeded by variation in
preservation. However, they are an important avenue of com-
plementary research, especially in the Andes, as these may well have
also served as highly visible and emblematic markers of identity and
social practices. Here is a place where, in the absence of preserved
apparatuses, 3D modeling may be able to help discern the nuances of
pressure points and angles to give shape to a conception of the devices
used to obtain these varied forms of cranial modification.

In sum, there continues to be importance to the studies of patho-
logical consequences, morphology, and classification, especially given
the broad impact they may have on studies of head shaping globally. In
this role, the important space occupied by the Andes for documenting
and detailing this practice should not be undervalued. Of more re-
levance to Andean archaeology, however, inquiries into the role of
cranial shaping in social identity have provided more nuanced under-
standings of the past in the Andes. This work has gone beyond the
skeletal material to integrate findings from across bioarchaeology and
archaeology in holistic appraisals of life and change in the past. As
Mannheim et al., 2018:223), “cranial modification, then, is the outcome
of social processes differentiated by locality, gender, and age rather
than simply a classificatory device.” Of importance moving forward as
we consider the multifaceted nature of this practice, is the great po-
tential for advancing the field when technologies and quantitative ad-
vances focused on morphology can be integrated with the more social
questions raised by a contextualized bioarchaeology and paleo-
pathology.

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

Acknowledgements

Thanks to Mark Hubbe for his help in San Pedro de Atacama and
with the images in this text. I would like to thank Marla Toyne, Haagen
Klaus, and Melissa Murphy for the invitation to contribute my thoughts
to this special issue, and John Verano for visiting Chile when I was a girl
there and unknowingly becoming part of the inspiration for my career.

References

Agarwal, S.C., Glencross, B.A. (Eds.), 2011. Social Bioarchaeology. Blackwell Studies in
Global Archaeology. Wiley-Blackwell, Malden MA.

Allison, M.J., Gerszten, E., Munizaga, J., Santoro, C., Focacci, G., 1981. La practica de la
deformacién craneana entre los pueblos andinos precolombinos. Chungara 7,
238-260.

American Association of Pediatrics, 2019. Reducing Sudden Infant Death with "Back to
Sleep". (Accessed 26 January 2019). https://www.aap.org/en-us/advocacy-and-
policy/aap-health-initiatives/7-great-achievements/Pages/Reducing-Sudden-Infant-
Death-with-Back-to-.aspx.

Antén, S., 1989. Intentional cranial vault deformation and induced changes of the cranial
base and face. Am. J. Phys. Anthropol. 79, 253-267.

Antén, S.C., Jaslow, C.R., Swartz, S.M., 1992. Sutural complexity in artificially deformed
human (Homo sapiens) crania. J. Morphol. 214, 321-332.

Aufderheide, A., Rodriguez-Martin, C., 1998. Cambridge Encyclopedia of Human
Paleopathology. Cambridge University Press, Cambridge.

Barth, F., 1969. Ethnic Groups and Boundaries: The Social Organization of Culture
Difference. Waveland Press, Prospect Heights, IL.

Bjork, A., Bjork, L., 1964. Artificial deformation and craniofacial asymmetry in ancient
Peruvians. J. Dent. Res. 43 (3), 353-362.


http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0005
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0005
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0010
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0010
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0010
https://www.aap.org/en-us/advocacy-and-policy/aap-health-initiatives/7-great-achievements/Pages/Reducing-Sudden-Infant-Death-with-Back-to-.aspx
https://www.aap.org/en-us/advocacy-and-policy/aap-health-initiatives/7-great-achievements/Pages/Reducing-Sudden-Infant-Death-with-Back-to-.aspx
https://www.aap.org/en-us/advocacy-and-policy/aap-health-initiatives/7-great-achievements/Pages/Reducing-Sudden-Infant-Death-with-Back-to-.aspx
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0020
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0020
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0025
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0025
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0030
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0030
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0035
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0035
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0040
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0040

C. Torres-Rouff

Blom, D.E., 2005. Embodying borders: human body modification and diversity in
Tiwanaku society. J. Anthropol. Archaeol. 24, 1-24.

Blom, D.E., 1999. Tiwanaku Regional Interaction and Social Identity: A Bioarchaeological
Approach. PhD Dissertation. University of Chicago., Anthropology.

Blom, D.E., Hallgrimsson, B., Keng, L., Lozada, M.C., Buikstra, J.E., 1998. Tiwanaku
‘colonization’: bioarchaeological implications for migration in the Moquegua Valley,
Peru. World Archaeolol. 30, 238-261.

Blom, D.E., Knudson, K.J., 2014. Tracing Tiwanaku childhoods: a bioarchaeological study
of age and social identities in Tiwanaku society. In: Thompson, J.L., Alfonso-Durruty,
M.P., Crandall, J.J. (Eds.), Tracing Childhood: Bioarchaeological Investigations of
Early Lives in Antiquity. University Press of Florida, Gainesville, pp. 228-245.

Boston, C., Smith, D., Ubeda, C., Chandia, M., Gonzalez, M., 2015. Examining the effects
of artificial cranial modification on craniofacial metrics. Chungara 47, 331-341.

Buikstra, J.E., Baadsgaard, A., Boutin, A.T., 2011. Introduction. In: Baadsgaard, A.,
Boutin, A.T., Buikstra, J.E. (Eds.), Breathing New Life into the Evidence of Death:
Contemporary Approaches to Bioarchaeology. SAR Press, Santa Fe, NM, pp. 3-26.

Buikstra, J.E., Ubelaker, D.H., 1994. Standards for data collection from human skeletal
remains. Arkansas Archaeological Survey, Fayetteville Series, 44.

Cheverud, J.M., Kohn, L.A.P., Konigsberg, L.W., Leigh, S.R., 1992. Effects of fronto-oc-
cipital artificial cranial vault modification on the cranial base and face. Am. J. Phys.
Anthropol. 88, 323-345.

Cheverud, J.M., Midkiff, J.E., 1992. Effects of fronto-occipital cranial reshaping on
mandibular form. Am. J. Phys. Anthropol. 87, 167-171.

Cho, S., Crenshaw, K.W., McCall, L., 2013. Toward a field of intersectionality studies:
theory, applications, and praxis. Signs J. Women Cult. Soc. 38 (4), 785-810.

Clark, J.L., Dobson, S.D., Antén, S.C., Hawks, J., Hunleye, K.L., Wolpoff, M.H., 2007.
Identifying artificially deformed Crania. Int. J. Osteoarchaeol. 17, 596-607.

Cocilovo, J.A., 1975. Estudio de dos factores que influencian la morfologia craneana en
una coleccién andina: el sexo y la deformacién artificial. Revista del Instituto de
Antropologia 3, 197-212.

Cocilovo, J.A., Costa-Junqueira, M.A., 2001. Artificial deformation in the archaic period
of Arica, Chile. Lat. Am. Antiq. 12 (2), 203-214.

Cocilovo, J.A., Varela, H.H., O’Brien, T.G., 2011. Effects of artificial deformation on
cranial morphogenesis in the south-central Andes. Int. J. Osteoarchaeol. 21, 300-312.

Dean, V.L., 1995. Sinus and meningeal vessel pattern changes induced by artificial cranial
deformation: a pilot study. Int. J. Osteoarchaeol. 5, 1-14.

Del Papa, M.C., Pérez, S.1., 2007. The influence of artificial cranial vault deformation on
the expression of cranial non-metric traits: its importance in the study of evolutionary
relationships. Am. J. Phys. Anthropol. 134, 251-262.

Dembo, A., Imbelloni, J., 1938. Deformaciones intencionales del cuerpo humano de
carécter étnico. Buenos Aires. J. Anesi.

Dingwall, E.J., 1931. Artificial Cranial Deformation; A Contribution to the Study of Ethnic
Mutilations. J. Bale Sons & Danielsson Itd, London.

Droessler, J., 1981. Craniometry and Biological Distance: Biocultural Continuity and
Change at the Late-woodland - Mississippian Interface. Evanston, Ill.: Center for
American Archeology at Northwestern University.

Duncan, W.N., 2009. Cranial modification among the Maya: absence of evidence or
evidence of absence? In: Knudson, Kelly, Stojanowski, Christopher (Eds.),
Bioarchaeology and Identity in the Americas. University Press of Florida, Gainesville,
pp. 177-193.

Duncan, W.N., Hofling, C.A., 2011. Why the head? Cranial modification as protection and
ensoulment among the Maya. Anc. Mesoamerica 22, 199-210.

Duncan, W.N., Veil, G., 2018. In: Tiesler, V., Lozada, M.C. (Eds.), What Was Being Sealed?
Cranial Modification and Ritual Binding among the Maya. Social Skins of the Head:
Body Beliefs and Ritual in Ancient Mesoamerica and the Andes. University of New
Mexico Press, Albuquerque, pp. 19-35.

El-Najjar, M., Dawson, G.L., 1977. The effect of artificial cranial deformation on the in-
cidence of Wormian bones in the lambdoidal suture. Am. J. Phys. Anthropol. 46,
155-160.

Geller, P.L., 2006. Altering identities: body modifications and the pre-Columbian Maya.
In: Gowland, R., Kniisel, C. (Eds.), Social Archaeology of Funerary Remains. Oxbow,
Oxford, pp. 279-291.

Geller, P.L., 2009. Identity and difference: complicating gender in archaeology. Annu.
Rev. Anthropol. 38, 65-81.

Geller, P.L., 2011. Getting a head start in life. Pre-Columbian Maya cranial modification
from infancy to ancestorhood. In: Bonogofsky, M. (Ed.), The Bioarchaeology of the
Human Head: Decapitation, Decoration, and Deformation. University Press of
Florida, Gainesville, pp. 241-261.

Gerszten, P., Gerszten, E., 1995. Intentional cranial deformation: a disappearing form of
self-mutilation. Neurosurgery 37 (3), 374-382.

Gerszten, P., 1993. An investigation into the practice of cranial deformation among the
pre-Columbian peoples of northern Chile. Int. J. Osteoarchaeol. 3, 87-98.

Gottlieb, K., 1978. Artificial cranial deformation and the increased complexity of the
lambdoid suture. Am. J. Phys. Anthropol. 48, 213-214.

Guillén, S.E., 1992. The Chinchorro Culture: Mummies and Crania in the Reconstruction
of Preceramic Coastal Adaptation in the South Central Andes. Unpublished PhD
Dissertation. University of Michigan, Anthropology.

Hernando, A., 2015. Identidad relacional y orden patriarcal. In: Hernando, A. (Ed.),
Mujeres, Hombres, Poder. Subjetividades en Conflicto. Traficantes de Suefios,
Madrid, pp. 83-124.

Hoshower, L.M., Buikstra, J.E., Goldstein, R.S., Webster, A.D., 1995. Artificial cranial
deformation at the Omo M10 site: a Tiwanaku complex from the Moquegua Valley,
Peru. Lat. Am. Antiq. 6 (2), 145-164.

Jiménez, P., Martinez-Insua, A., Franco-Vazquez, J., Otero-Cepeda, X.L., Santana, U.,
2012. Maxillary changes and occlusal traits in crania with artificial fronto-occipital
deformation. Am. J. Phys. Anthropol. 147 (1), 40-51.

International Journal of Paleopathology xxx (xxxXx) XXX—-XXX

Joyce, R.A., 2005. Archaeology of the body. Annu. Rev. Anthropol. 34, 139-158.

Knudson, K.J., Torres-Rouff, C., 2014. Cultural diversity and paleomobility in the Andean
Middle Horizon: radiogenic strontium isotope analyses in the San Pedro de Atacama
oases of Northern Chile. Lat. Am. Antiq. 25 (2), 170-188.

Knudson, K.J., Torres-Rouff, C., 2009. Investigating cultural heterogeneity in San Pedro
De Atacama, northern Chile through Biogeochemistry and bioarchaeology. Am. J.
Phys. Anthropol. 138 (4), 473-485.

Kohn, L.A.P., Leigh, S.R., Jacobs, S.C., Cheverud, J.M., 1993. Effects of annular cranial
vault modification on cranial base and face. Am. J. Phys. Anthropol. 90, 147-168.

Kohn, L.A., Leigh, S.R., Cheverud, J.M., 1995. Asymmetric vault modification in Hopi
crania. Am. J. Phys. Anthropol. 98, 173-195.

Konigsberg, L.W., Kohn, L.A.P., Cheverud, J.M., 1993. Cranial deformation and non-
metric trait variation. Am. J. Phys. Anthropol. 90, 35-48.

Kurin, D.S., 2016. The Bioarchaeology of Societal Collapse and Re-Generation in Ancient
Peru. Springer, Switzerland.

Kurin, D.S., 2014. Cranial trauma and cranial modification in post-imperial Andahuaylas,
Peru. In: Martin, D.L., Anderson, C.P. (Eds.), Forensic and Bioarchaeological
Approaches to Interpreting Violence: How Violent Death is Interpreted from Skeletal
Remains. Cambridge University Press, Cambridge, pp. 236-260.

Kurin, D.S., Lofaro, E.M., Gémez Choque, D.E., Krigbaum, J., 2016. A bioarchaeological
and biogeochemical study of warfare and mobility in Andahuaylas, Peru (ca. AD
1160-1260). Int. J. Osteoarchaeol. 26 (1), 93-103.

Kuzminsky, S.C., Tung, T.A., Hubbe, M., Villasefior-Marchal, A., 2016. The application of
3D geometric morphometrics and laser surface scanning to investigate the standar-
dization of cranial vault modification in the Andes. J. Archaeol. Sci. Rep. 10,
507-513.

Lekovic, G.P., Baker, B., Lekovic, J.M., Preul, M.C., 2007. New World cranial deformation
practices: historical implications for pathophysiology of cognitive impairment in
deformational plagiocephaly. Neurosurgery 60 (6), 1137-1147.

Lozada, M.C., 2011. Marking ethnicity through premortem cranial modification among
the pre-inca Chiribaya, Peru. In: Bonogofsky, M. (Ed.), The Bioarchaeology of the
Human Head: Decapitation, Decoration, and Deformation. University Press of
Florida, Gainesville, pp. 228-240.

Mann, R.W., Hunt, D.R., 2005. Photographic Regional Atlas of Bone Disease. Charles C.
Thomas Publisher, Springfield, Illinois.

Mannheim, B., Davis, A.R., Velasco, M.C., 2018. Cranial modification in the Central
Andes: person, language, political economy. In: Tiesler, V., Lozada, M.C. (Eds.),
Social Skins of the Head: Body Beliefs and Ritual in Ancient Mesoamerica and the
Andes. University of New Mexico Press, Albuquerque, pp. 223-234.

Manriquez, G., Gonzélez-Bergas, F.E., Salinas, J.C., Espoueys, O., 2006. Intentional cra-
nial deformation in archaeological populations of Arica (Chile): preliminary geo-
morphometrics analysis using craniofacial radiographs. Chungara 38, 13-34.

Manriquez, G., Moraga, M., Santoro, C., Aspillaga, E., Arriaza, B.T., Rothhammer, F.,
2011. Andlisis morfométrico y de ADNmt de restos esqueletales arcaicos del suroeste
de Sudamerica. Chungara 43, 283-292.

Mendonga de Souza, S.M.F., Reinhard, K.J., Lessa, A., 2008. Deformacién craneana como
causa de muerte de un nifio del Valle de Chillén, Peri. Chungara 40, 41-53.

Meskell, L.M., 1998. The irresistible body and the seduction of archaeology. In:
Montserrat, D. (Ed.), Changing Bodies, Changing Meanings: Studies on the Human
Body in Antiquity. Routledge, London, pp. 139-161.

Meskell, L.M., Joyce, R.A., 2003. Embodied Lives: Figuring Ancient Maya and Egyptian
Experience. Routledge, New York.

O’Brien, T.G., Stanley, A.M., 2013. Boards and cords: discriminating types of artificial
cranial deformation in Prehispanic South Central Andean populations. Int. J.
Osteoarchaeol. 23, 459-470.

O’Brien, T.G., Sensor, L.L.-A., 2008. On the effect of cranial deformation in determining
age from ectocranial suture closure. Growth Dev. Aging 71, 17-27.

O’Brien, T.G., Sensor, K.P., 2004. On the classification of abnormal head shape: inter-
preting artificial cranial deform- ation and craniosynostosis. J. Paleopathol. 16,
27-51.

Ogura, M., Al-Kalaly, A., Sakashita, R., Kamegai, T., Miyawaki, S., 2006. Relationship
between anteroposterior cranial vault deformation and mandibular morphology in a
pre-Columbian population. Am. J. Orthod. Dentofac. Orthop. 130, 535-539.

Okumura, M., 2014. Differences in types of artificial cranial deformation are related to
differences in frequencies of cranial and oral health markers in pre-Columbian skulls
from Peru. Boletim do Museu Paraense Emilio Goeldi Ciéncias Humanas. 9, 15-26.

O’Loughlin, V.D., 2004. Effects of different kinds of cranial deformation on the incidence
of wormian bones. Am. J. Phys. Anthropol. 123, 146-155.

O’Loughlin, V.D., 1996. Comparative endocranial vascular changes due to craniosynos-
tosis and artificial cranial deformation. Am. J. Phys. Anthropol. 101, 369-385.
Ortner, D.J., 2003. Identification of Pathological Conditions in Human Skeletal Remains.

Academic Press, London.

Ortner, D.J., Putschar, W.G., 1981. Identification of Pathological Conditions in Human
Skeletal Remains. Smithsonian Contributions to Anthropology no. 28. Smithsonian
Institution Press, Washington, DC.

Ossenberg, N.S., 1970. The influence of artificial cranial deformation on discontinuous
morphological traits. Am. J. Phys. Anthropol. 33, 357-372.

Pechenkina, E.A., Delgado, M., 2012. Dimensions of health and social structure in the
Early Intermediate Period cemetery at Villa El Salvador, Peru. Am. J. Phys.
Anthropol. 131, 218-235.

Perez, S.I., 2007. Artificial cranial deformation in South America: a geometric morpho-
metrics approximation. J. Archaeol. Sci. 34, 1649-1658.

Perry, E.M., Joyce, R.A., 2001. Providing a past for Bodies that Matter: Judith Butler’s
impact on the archaeology of gender. Int. J. Sex. Gend. Stud. 6 (1/2), 63-76.

Pomeroy, E., Stock, J.T., Zakrzewski, S.R., Mirazon Lahr, M., 2010. A metric study of
three types of artificial cranial modification from north-central Peru. Int. J.


http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0045
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0045
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0050
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0050
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0055
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0055
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0055
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0060
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0060
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0060
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0060
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0065
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0065
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0070
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0070
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0070
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0075
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0075
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0080
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0080
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0080
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0085
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0085
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0090
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0090
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0095
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0095
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0100
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0100
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0100
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0105
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0105
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0110
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0110
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0115
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0115
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0120
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0120
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0120
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0125
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0125
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0130
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0130
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0135
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0135
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0135
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0140
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0140
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0140
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0140
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0145
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0145
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0150
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0150
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0150
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0150
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0155
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0155
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0155
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0160
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0160
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0160
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0165
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0165
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0170
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0170
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0170
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0170
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0175
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0175
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0180
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0180
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0185
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0185
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0190
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0190
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0190
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0195
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0195
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0195
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0200
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0200
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0200
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0205
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0205
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0205
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0210
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0215
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0215
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0215
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0220
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0220
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0220
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0225
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0225
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0230
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0230
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0235
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0235
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0240
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0240
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0245
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0245
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0245
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0245
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0250
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0250
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0250
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0255
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0255
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0255
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0255
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0260
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0260
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0260
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0265
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0265
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0265
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0265
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0270
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0270
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0275
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0275
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0275
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0275
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0280
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0280
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0280
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0285
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0285
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0285
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0290
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0290
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0295
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0295
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0295
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0300
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0300
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0305
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0305
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0305
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0310
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0310
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0315
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0315
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0315
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0320
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0320
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0320
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0325
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0325
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0325
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0330
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0330
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0335
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0335
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0340
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0340
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0345
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0345
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0345
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0350
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0350
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0355
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0355
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0355
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0360
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0360
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0365
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0365
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0370
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0370

C. Torres-Rouff

Osteoarchaeol. 20, 317-334.

Prieto, G., Verano, J.W., Goepfert, N., Kennett, D., Quilter, J., LeBlanc S, S., et al., 2019. A
mass sacrifice of children and camelids at the Huanchaquito-Las Llamas site, Moche
Valley, Peru. PLoS One 14 (3), €0211691. https://doi.org/10.1371/journal.pone.
0211691.

Pucciarelli, H.M., 1971. The influence of experimental deformation on neurocranial
wormian bones in rats. Am. J. Phys. Anthropol. 41, 29-38.

Roberts, C.A., Manchester, K., 1995. The Archaeology of Disease. Cornell University
Press, Ithaca, N.Y.

Rhode, M.P., Arriaza, B.T., 2006. Influence of cranial deformation on facial morphology
among prehistoric south central Andean populations. Am. J. Phys. Anthropol. 130,
462-470.

Salazar, D., Niemeyer, H.M., Horta, H., Figueroa, V., Manriquez, G., 2014. Interaction,
social identity, agency and change during Middle Horizon San Pedro de Atacama
(northern Chile): a multidimensional and interdisciplinary perspective. J. Anthropol.
Archaeol. 35, 135-152.

Serna, A., D’Addona, L.A., Pérez, S.I., 2012. Precision y replicabilidad de una
aproximacién no discreta al estudio de las modificaciones artificiales del craneo.
Intersecciones en Antropologia 14, 477-481.

Sheets, J., 1977. Facial asymmetry and artificial cranial deformation in a set of American
Indian Skulls. Southwestern Lore 43 (3), 15-21.

Sofaer, J.R., 2006. The Body as Material Culture: a Theoretical Osteoarchaeology.
Cambridge University Press, Cambridge.

Soto-Heim, P., 1987. Evolucién de deformaciones intencionales, tocados y précticas fu-
nerarias en la prehistoria de Arica, Chile. Chungara 19, 129-213.

Soto-Heim, P., Quevedo, S., 2005. Asymmetry of the skull base and cranial deformation.
Société de biométrie humaine et Anthropologie 23 (3-4), 203-211.

Sutter, R.C., Mertz, L., 2004. Nonmetric cranial trait variation and prehistoric biocultural
change in the Azapa Valley, Chile. Am. J. Phys. Anthropol. 123, 130-145.

Tiesler, V., 2014. The Bioarchaeology of Artificial Cranial Modifications. New Approaches
to Head Shaping and Its Meanings in Pre-columbian Mesoamerica and Beyond.
Springer, New York.

Tiesler, V., 2010. Olmec” head shapes among the Preclassic period Maya and cultural
meanings. Lat. Am. Antiq. 21 (3), 290-311.

Tiesler, V., 1998. La costumbre de la deformacion cefalica entre los antiguos Mayas: as-
pectos morfoldgicos y culturales. Coleccién Cientifica/Instituto Nacional de
Antropologia e Historia, México.

Tiesler, V., Lozada, M.C. (Eds.), 2018. Social Skins of the Head: Body Beliefs and Ritual in
Ancient Mesoamerica and the Andes. University of New Mexico Press, Albuquerque.

Tiesler, V., Zabala, P., 2017. Survival and abandonment of indigenous head-shaping
practices in Iberian America after European contact. In: Murphy, M.S., Klaus, H.D.
(Eds.), Colonized Bodies, Worlds Transformed: Toward a Global Bioarchaeology of
Contact and Colonialism. University Press of Florida, Gainesville, pp. 281-311.

Torres-Rouff, C., 2007. La deformacién craneana en San Pedro de Atacama. Estudios
Atacamerios: Arqueologia y Antropologia Surandina 33, 25-38.

Torres-Rouff, C., 2003. Shaping Identity: Cranial Vault Modification in the Pre-Columbian
Andes. Unpublished Ph.D. Dissertation, Anthropology. University of California, Santa

International Journal of Paleopathology xxx (xxxXx) XXX—-XXX

Barbara.

Torres-Rouff, C., 2002. Cranial vault modification and ethnicity in Middle Horizon San
Pedro de Atacama, Chile. Curr. Anthropol. 43 (1), 163-171.

Torres-Rouff, C., Knudson, K.J., 2017. Integrating identities: an innovative bioarchaeo-
logical and biogeochemical approach to analyzing the multiplicity of identities in the
mortuary record. Curr. Anthropol. 58 (3), 381-398.

Torres-Rouff, C., Knudson, K.J., Hubbe, M., 2013. Issues of affinity: exploring population
structure in the middle and regional developments periods of San Pedro De Atacama,
Chile. Am. J. Phys. Anthropol. 152, 370-382.

Tubbs, R.S., Salter, G., Oakes, J., 2006. Artificial cranial deformation of the human skull.
A review. Clin. Anat. 19, 372-377.

Varela, H.H., Cocilovo, J.A., Valdano, S., 1993. Evaluacion de la influencia del efecto
sexo, edad y deformaci6n artificial en la estimacién de distancias bioldgicas por
medio de la D® de Mahalanobis. Boletin de la Sociedad Espafiola de Antropologia
Biologia 14, 135-148.

Velasco, M.C., 2018a. Open sepulchers and closed boundaries? Biodistance analysis of
cemetery structure and postmarital residence in the late prehispanic Andes. Am. J.
Phys. Anthropol. 166, 906-920.

Velasco, M.C., 2018b. Ethnogenesis and social difference in the Andean Late Intermediate
Period (AD 1100-1450) A bioarchaeological study of cranial modification in the
Colca Valley, Peru. Curr. Anthropol. 59 (1), 98-106.

Velasco, M.C., 2016. Mortuary Tradition and Social Transformation During the Late
Intermediate Period (AD 1100-1450): A Bioarchaeological Analysis of Above-ground
Burials in the Colca Valley, Peru. Unpublished Ph.D. Dissertation. Vanderbilt
University, Anthropology.

Verano, J., 1997a. Advances in the paleopathology of Andean South America. J. World
Prehist. 11, 237-268.

Verano, J., 1997b. Human skeletal remains from Tomb 1, Sipan (Lambayeque river
valley, Peru); and their social implications. Antiquity 71 (273), 670-682.

Verano, J., 1997c. Physical characteristics and skeletal biology of the Moche population
at Pacatnamu. In: Donnan, C.E., Cock, G. (Eds.), The Pacatnamu Papers, Volume 2,
The Moche Occupation. The Cotsen Institute of Archaeology Press, Los Angeles, pp.
189-214.

Verano, J., 1987. Cranial Microvariation at Pacatnamu: A Study of Cemetery Population
Variability. Unpublished PhD Dissertation. University of California, Los Angeles,
Anthropology.

Weiss, P., 1961. Osteologia cultural: practicas cefalicas. 2da parte Lima. Universidad
Nacional Mayor de San Marcos.

Weiss, P., 1958. Osteologia cultural: practicas cefalicas. 1a parte. Lima. Universidad
Nacional Mayor de San Marcos.

White, C.D., 1996. Sutural effects of fronto-occipital cranial modification. Am. J. Phys.
Anthropol. 100, 397-410.

Zabala, P., 2014. Source compilation on head-shaping practices in Hispanic America. In:
Tiesler, V. (Ed.), The Bioarchaeology of Artificial Cranial Modifications: New
Approaches to Head Shaping and its Meanings in Pre-Columbian Mesoamerica and
Beyond. Springer, New York, pp. 99-129.


http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0370
https://doi.org/10.1371/journal.pone.0211691
https://doi.org/10.1371/journal.pone.0211691
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0380
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0380
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0385
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0385
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0390
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0390
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0390
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0395
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0395
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0395
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0395
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0400
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0400
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0400
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0405
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0405
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0410
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0410
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0415
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0415
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0420
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0420
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0425
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0425
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0430
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0430
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0430
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0435
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0435
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0440
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0440
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0440
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0445
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0445
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0450
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0450
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0450
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0450
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0455
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0455
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0460
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0460
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0460
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0465
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0465
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0470
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0470
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0470
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0475
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0475
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0475
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0480
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0480
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0485
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0485
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0485
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0485
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0490
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0490
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0490
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0495
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0495
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0495
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0500
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0500
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0500
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0500
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0505
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0505
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0510
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0510
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0515
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0515
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0515
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0515
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0520
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0520
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0520
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0525
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0525
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0530
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0530
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0535
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0535
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0540
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0540
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0540
http://refhub.elsevier.com/S1879-9817(19)30028-2/sbref0540

	Cranial modification and the shapes of heads across the Andes
	Cranial modification as pathology?
	Cranial modification’s association with pathology
	Morphology
	Social identity
	Conclusion
	Acknowledgements
	References




