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Studies focusing on biological differences among groups have been a widespread area of anthropological research for decades.
One of the most common means of assessing biological differences is through comparing craniofacial metrics. Craniofacial
growth is under genetic control but strongly influenced by environmental factors, including artificial cranial modification (ACM).
Some scholars believe ACM affects craniofacial metrics, but other scholars disagree. This study seeks to remedy this debate.
A total of 218 adult crania (101 unmodified, 117 modified) from coastal and inland sites of three northern Chilean valleys
were surveyed and examined for craniofacial metric changes through the use of modern orthodontic cephalometric analyses.
Unmodified crania were statistically tested with the hierarchical linear analysis test to determine if there were any differences
based on site, region (coast vs. inland), period, or sex within the unmodified sample, followed by a comparison of these data to
modified cranial data. Statistical tests, specifically the ANOVA test, of the data determined that ACM affected some but not all
craniofacial measurements utilized in this study. This conclusion, coupled with the varying conclusions of similar previously
conducted studies, suggests that scholars must be cautious in employing modified crania and craniofacial metrics in any study
of biological affinities.
Key words: Artificial cranial modification, craniofacial metrics, cephalometry, bioarqueologia, Andes.

Los estudios centrados en las diferencias bioldgicas existentes entre distintos grupos se han constituido, por varias décadas,
en una amplia drea de estudio en el campo de la investigacion antropoldgica. Una de las formas mds comunes de evaluar estas
diferencias biologicas es mediante la comparacion de las medidas craneofaciales. El crecimiento craneofacial es controlado
genéticamente, pero estd fuertemente influenciado por factores ambientales, incluyendo la modificacion artificial del crdneo
(ACM). Algunos investigadores piensan que la ACM afecta las medidas craneofaciales, mientras otros no estdn de acuerdo,
afirmando que no existe efecto. Este estudio tiene como objetivo aportar a este debate. Un total de 218 crdneos de adultos (101
sin modificar, 117 modificados), provenientes de sitios costeros e interiores de tres valles del norte de Chile fueron estudiados
y examinados en biisqueda de cambios en las medidas craneofaciales, mediante uso de andlisis de ortodoncia cefalométrica
moderna. Los crdaneos no modificados fueron primero analizados estadisticamente con la prueba del andlisis lineal jerdrquico
para determinar si habia diferencias basadas en el lugar o region de origen (costa vs interior), periodo, o sexo, posteriormen-
te se realizo una comparacion de estos datos con los datos recogidos de los crdneos modificados. Las pruebas estadisticas,
especificamente la prueba de ANOVA, determinaron que ACM afecto algunas, pero no todas las mediciones craneofaciales
utilizadas en este estudio. Esta conclusion, junto con diferentes conclusiones de estudios similares realizados anteriormente,
sugiere que los investigadores deben tener cuidado en el empleo de crdneos modificados y medidas craneofaciales en cualquier
estudio sobre las diferencias biologicas entre grupos.
Palabras claves: modificacion artificial del crdneo, medidas craneofaciales, cefalometria, bioarqueologia, Andes.
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The most common means of determining
biological affinities among groups has been the use
of specific cranial features, including epigenetic traits
and craniofacial metrics (cf. Guillén 1992; Hrdlicka
1939; Morton 1839; Oetteking 1930). The skull is
made up of several regions (Bishara 2001), and its
growth is believed to be interrelated among various
hard and soft tissues. The complex relationships of
craniofacial growth are summarized in the Functional
Matrix Hypothesis (Moss 1960, 1962, 1969),
which maintains skeletal tissue growth responds
to corresponding soft tissues as related to the form
and function of each matrix. While the greater part
of cranial growth completes during late childhood,
growth of the facial tissues is mostly completed
during adolescence, although these facial tissues
will continue to change throughout an individual’s
life (Enlow and Hans 2008). Craniofacial growth
is believed to be primarily under genetic control,
but several studies demonstrate that environmental
factors can delay or accelerate craniofacial growth
(Behrents 1985; Brace and Hunt 1990; Corruccini
1974; Enlow and Hans 2008; Mackey 1977,
Moyers and Enlow 1988; Ranly 1988). The role
these environmental changes play in craniofacial
growth patterns is particularly important as it is well
documented that growth disruptions or changes in
the cranial vault and cranial base will directly affect
craniofacial measurements (Enlow and Hans 2008).

Craniofacial metrics are widely used in physical
anthropological studies concerning biological
affinities. The use of craniofacial metrics to determine
biological affinities works on the premise that
individuals of similar biological origin or affinity
will share common craniofacial morphology and
therefore measurements, while those of different
origin or affinity will demonstrate statistically
significant differences in craniofacial morphology
in comparison to other groups (Howells 1973, 1989,
1995; Morton 1839). Studies of the environmental
factors affecting craniofacial metrics are widespread,
with scholars identifying environmental factors such
as health, nutrition, geography, climate, biocultural
modifications, among others affecting growth (e.g.
Buretic-Tomljanovic et al. 2007; Corruccini 1974;
Droessler 1981; Mackey 1977; Smith et al. 2007;
Spradley 2006). One biocultural modification
believed to affect cranial growth is artificial cranial
modification.

Artificial cranial modification (ACM) is
the manipulation of the cranial vault through

the use of externally applied forces in order to
change the natural form of the skull (Anton and
Weinstein 1999; Gerszten 1993; Perez 2007). Two
primary types have been identified: intentional and
unintentional modification. Intentional modification
is the purposeful act of modifying the cranium,
whereas unintentional modification is the accidental
reshaping of the skull or changes due to genetics,
health, hormones, nutrition, accidents, or sleeping
posture (Dingwall 1931; Flowers 1881; Gerszten
1993; Rogers 1975). ACM was practiced by many
groups of varying social complexity (Dingwall
1931), as well as among groups on each habitable
continent, although the distribution of this practice
varied geographically (Dingwall 1931). ACM began
shortly after birth, when the skull was most plastic
and malleable (Dingwall 1931). The cranium was
wrapped, bound, and/or affixed to the preferred
deformation device, including but not limited to
stones, boards, leaves, reeds, textiles, caps, ropes,
and cradles (Dingwall 1931; de Landa 1975 [1524-
1579]; Morton 1839; Weiss 1961). ACM devices
were subsequently removed at variable times, all
dependent on cultural preferences. The total time
frame ranged from one year to five years (Dingwall
1931; Morton 1839; Torquemada 1995; Weiss 1961),
comprising the early growth and development stages
of craniofacial growth.

There exists a widespread debate concerning
how ACM affects the craniofacial skeleton and
hence craniofacial metrics. Despite a great deal of
study, no clear consensus has been reached. Some
scholars affirm that facial measurements are affected,
regardless of modification styles and populations
surveyed (Anton 1989; Bjork and Bjork 1964;
Brown 1981; Cheverud et al. 1992; Cheverud and
Midkiff, 1992; Cybulski 1975; Frie3 and Baylac
2003; Kohn et al. 1993; Manriquez et al. 2006;
Oetteking 1930; Pomeroy et al. 2010; Rhode and
Arriaza 2006), and some believe no changes occur
(Blackwood and Danby 1955; Ross and Ubelaker
2009; Rothhammer et al. 1982; Verano 1987).
The breadth of study on this topic emphasizes that
scholars have not reached a unanimous decision
regarding the full effects of ACM on facial metrics.
These results are problematic as scholars continue
to disagree on which measurements are affected,
even when similar modification styles or populations
are studied.

The unknown effects of ACM are particularly
problematic given the popularity of craniofacial
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measurements in biological distance studies. The
effects of ACM on craniofacial metrics may be
clarified through the utilization of an established
approach not readily employed: orthodontic
cephalometry. This method was utilized to determine
if, and to what extent, ACM affected craniofacial
measurements in this sample, and how these effects
relate to biological distance analyses.

Materials and Methods

Materials for the craniofacial measurement
analyses were derived from ancient northern Chilean
populations of the Azapa, Camarones, and Lluta
valleys that spanned a several millennia from the
Archaic to Late periods (Table 1). These individuals
are currently housed at the Museo Arqueoldgico
Universidad de Tarapacd, San Miguel de Azapa
(MASMA) in Arica, Chile. A total of 218 adults
(101 unmodified crania, 117 modified crania) were
used for the study due to the requirement of the
mandible for the cephalometric analyses despite the
availability of more crania in the museum collections
(Table 2). Both modified and unmodified crania
were surveyed.

These samples included individuals from both
coastal and inland sites from the Archaic to Late
periods as identified by MASMA collection records.

These groups practiced their own unique cultures with
coastal groups specializing in marine exploitation and
inland groups specializing in agricultural practices.
Several scholars believe that several periods, from
the Formative to the Late periods, were characterized
by highland migration into the region (Berenguer
and Dauelsberg 1989; Goldstein 2005; Moraga et
al. 2005; Muiioz 1987; Piazza 1981; Rivera 1977,
Rivera 2008; Rothhammer et al. 2002; Santoro
1980a, 1980b, 1980c; Santoro 1981; Santoro and
Ulloa 1985; Varela and Cocilovo 2002), and that
coastal and inland groups represented isolated
ethnic groups that remained in contact for trade
purposes but possibly did not intermarry (Cassman
1997; Cassman 2000; Focacci 1974; Focacci 1993;
Focacci and Chacon 1989; Muifioz 1981; Mufioz
1989; Rivera 2008; Santoro 1980a, 1980b, 1980c).

An inventory and data collection, including
sexing and aging, was completed for all individuals.
Only the cranium of each individual was examined
due to the nature of the collections available at the
time of data collection. Sex determinations were
based on cranial morphology methods (Acsadi
and Nemeskeri 1970). Age-at-death determinations
were based on dental eruption of the third molar,
indicating adult age status (Ubelaker 1999). In adults,
suture closure methods were deemed inaccurate for
these individuals since modification can affect the

Table 1. Sample Composition.
Composicion de la muestra.

Period Dates CO:’:l stal Salpple Males Females In!and Salpple Males Females
Sites Size Sites Size
Late Period AD 1476-1532 Camarones 8 8 3 5 Azapa 8 17 8 9
Camarones 9 8 2 6 Lluta 54 5 4 1
Regional AD 1100-1476 None 0 0 0 Azapa 6 17 6 11
Development Azapa 11 1 1 0
Period Azapa 71 36 15 21
Azapa 76 3 2 1
Azapa 140 49 18 31
Azapa 141 8 5 3
Middle Horizon AD 500-1100 None 0 0 0 None 0 0 0
Formative Period 1500 BC-AD 500  Playa Miller 7 14 9 5 Azapa 70 10 3 7
Azapa 75 14 8 6
Archaic Period 4000-1500 BC Morro 1 13 7 6 None 0 0 0
Morro 1-6 11 8 3
Quiani 7 4 4 0
Total 58 33 25 Total 160 70 90
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Table 2. Cranial form by site composition.
Formas craneanas por sitio.

Number of Number of Number of
Site Unmodified Annularly Fronto-Occipitally Total
Crania Modified Crania Modified Crania

Azapa 6 7 2 8 17
Azapa 8 7 9 1 17
Azapa 11 0 0 1 1
Azapa 70 6 3 1 10
Azapa 71 15 6 15 36
Azapa 75 1 5 8 14
Azapa 76 2 1 0 3
Azapa 140 24 9 16 49
Azapa 141 3 0 5 8
Camarones 8 6 1 1 8
Camarones 9 8 0 0 8
Lluta 54 4 1 0 5
Morro 1 7 5 1 13
Morro 1-6 5 5 1 11
Playa Miller 7 6 6 2 14
Quiani 7 0 1 3 4
Total 101 54 63 218

timing of their closures (O’Brien and Sensor 2008).
Additional means of determining age among adults
(e.g. dental wear patterns) could not be completed
due to the scarcity of materials available (e.g. broken
or missing teeth).

Cranial modifications were scored based on
the typology created by Hrdli¢ka (1912). This
typology was chosen as it was derived from Andean
populations and was deemed the most appropriate
typology to utilize for this sample as it did not
overly divide the sample, thereby weakening the
statistical analyses by creating small sample sizes.
This typology identifies two modification styles:
annular and fronto-occipital. Annular modification,
which is also sometimes referred to as circumferential
modification, is a conical variation of the cranial
form with reshaping occurring among several bones,
including the frontal, temporal, inferior portions of
the parietals, and occipital bones, and is believed to
be caused by the application of wrapped materials
(Hrdlicka 1912). Fronto-occipital modification is
characterized by the flattening of both the frontal
and occipital bones and is believed to be caused by
the application of flat materials (Hrdlicka 1912).
Both styles were practiced with great frequency
among Andean groups (Blom 2005; Dingwall
1931; Hrdlicka 1912; Morton 1839; Torres-Rouff
2002; Torres-Rouff 2009). Crania were identified as

unmodified if no evidence of purposeful modification
was present. Crania with evidence of accidental or
slight modification were excluded from the study.

Each skull was X-rayed in order to facilitate
further analyses related to the craniofacial metric
changes related to ACM through cephalometric
analyses. X-rays were taken on Kodak T-Mat G/
RA Diagnostic Film with a Shimadzu EZY-RAD
VA-125P-CH X-ray machine. X-rays were taken
by the author with assistance from Dr. Carlos
Ubeda, Mayorie Chandia, and Mariel Gonzalez at
MASMA, and Chandia and Gonzalez completed film
development also at MASMA. X-rays were taken at
five feet from the midsagital plane of each skull as
recommended in standard cephalometric analyses in
order to avoid distortion in the image from X-raying
(Miyashita 1996). If any distortions in images did
occur it is believed that they were consistent among
all the individuals as all were x-rayed in the same
manner. Analyses of the X-rays were completed
by the authors at a private orthodontic facility in
London, Ontario.

Cephalometry, or measurements of the living
head, is a technique developed by anthropologists
and refined by Holly Broadbent to quantify shape
and sizes of skulls (Broadbent 1931). These analyses
involve the identification of hard and soft tissue
facial landmarks and taking specific measurements
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to trace the growth and development of faces in
order to track growth patterns (Miyashita 1996).
They have been widely used in the field of modern
orthodontics for several decades and have also been
utilized in the fields of pedodontics, oral surgery,
plastic surgery, prosthodontics, and general dentistry
(Miyashita 1996). Cephalometric protocols have
been refined and are widely used for the purpose
of correcting growth maladies related to the face.

Cephalometric analyses were conducted using
the Kodak Orthotrac software (Kodak Orthotrac
Practice Management Software Installation Guide
2009). This program employs scans of X-rays to
map internal and external facial landmarks, located
by the user, and takes various measurements based
on the type of analysis utilized. A new analysis
routine was created by Kodak Orthotrac utilizing
a suite of measurements and angles chosen by the
authors. These measurements were chosen based
on expected changes induced within the cranial
base and face or solely the face in order to test
the hypothesis ACM changed the facial convexity,
height, and location of the mandible (Riolo et al.
1974). These measurements were also chosen as
they did not utilize soft tissue landmarks, which
are commonplace in many establish cephalometric
protocols. Furthermore, established cephalometric
protocols (e.g. Ricketts, Jarabak, or Downs analyses)
were rendered inappropriate to use for this type of
sample as there were very few purely hard tissue
measurements as these protocols were established
for practice with living patients and utilize primarily
soft and hard tissue measurements, meaning the
useable data with these protocols were significantly
reduced.

It is expected, based on normal facial growth
directions, that ACM would interrupt or halt
normal growth by creating an increase in facial
convexity and facial heights by interfering with
the growth of the spheno-occipital synchondrosis
in the forward and downward directional growth
pattern (following Cohen 2006; Enlow and Hans
2008; Moyers and Enlow 1988; Proffett 2007).
It is easiest to increase facial measurements with
modification as demonstrated in modern orthodontic
practice (Smith personal communication 2012),
and therefore it is expected that all surveyed facial
measurements would demonstrate an increase in
size among modified as compared to unmodified
individuals. This strategy of focusing on facial
convexity, height, and mandibular location was

considered optimal for this study given the methods
used in analyses. This strategy, however, is by
no means the only one utilized as various facial
measurements and orientations (e.g. facial breadth,
frontal plane, etc.) have been studied in many of the
previous studies focusing on facial metric changes
as related to artificial cranial modification styles.

The measurements chosen and expected
outcomes are outlined in Table 3. The requested
measurements were input into the new analysis
(Figure 1). Only individuals with mandibles available
can be surveyed in cephalometric analyses as it was
determined in a pilot study that this method could
not be effectively exploited without the mandible
present (Boston et al. 2008). Mandibles were placed
so that maxillary and mandibular dentitions were
in occlusion. This method is not ideal as actual
mandibular position is dependent on soft tissues,
but the consistency in mandible placement among
modified and unmodified individuals is not believed
to have greatly affected the results of this study.

The cephalometric data for annularly and
fronto-occipitally modified individuals were
separately compared to the unmodified individuals.
The measurements of the unmodified sample were
ultimately grouped together as there was a lack of
statistically significant differences by site, region
(coast vs. inland), period, or sex when the data were
tested with the hierarchical linear analysis statistical
test. This pooling of the data allowed for an increase
in the sample size and power of the statistical tests
used in this study, as well. An average non-modified
value for each measurement was determined after
completion of the above statistical analyses, and
these average values were used as the “standard”
unmodified cephalometric values for comparison
between the modified and unmodified individuals
(Table 4). The standard values were input into the
new cephalometric analysis by Kodak to create a
new analytical routine specified for the project.
Modified individuals were then traced and compared
to the measurements of the new analysis. Upon
completion of all tracings, the measurements (as
determined by the established Orthotrac software)
were compared with the ANOVA test to determine
if similar differences existed for each measurement
among annular and fronto-occipital modification
styles and unmodified crania.

As the purpose of this study was to determine
if ACM affects facial measurements and the extent
of any changes that may exist, the following null
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Table 3. Facial Measurements Used in Cephalometric Analyses (after Riolo et al. 1974).
Medidas faciales utilizadas en los andlisis cefalométricos (por Riolo et al. 1974).

Measurement Points Type of Measurement Expected Change
Sella-Nasion-A-point A-N-S Angular Increase
Sella-Nasion-Frankfort Plane N-S/Or-Po Angular Increase
Sella-Nasion-Palatal Plate N-S/ANS-PNS Angular Increase
Sella-Nasion-Gnathion N-S/PTM-SE Angular Increase
Sella-Nasion-Basion N-S-Ba Angular Increase
Condylar Plane/Sella-Gnathion Or-Co/GN-S Angular Increase
Nasion-Pogonion/Mandibular Plane Go-Me/N-Pg Angular Increase
Anterior Nasal Spine-Nasion ANS-N Linear Increase
Sella-Nasion S-N Linear Increase
Basion-Nasion Ba-N Linear Increase
Menton-Nasion Me-N Linear Increase

Table 4. Comparison of the Hrdlicka modification styles and

unmodified cranial cephalometric measurements (ANOVA).

Comparacion de los estilos de modificacion de Hrdlicka y sin

Nasion(N)

/z:(:SeIIaISJ

Center of Condyle

Sn I’P.OW

Posterior Nasal
Spine (PNS)

Orbitale (Or)

Pterygoid (Pt)

Anterior
Nasal Spine
A Point (ANS)
(A)

Gnathion (Ga)

Menton (Me)

Figure 1. New cephalometric analysis (after Kodak Orthotrac).
Nuevo andlisis cefalométrico (después de Kodak Orthotrac).

hypothesis was tested: ACM had no effect on facial
growth and therefore craniofacial metrics. This
hypothesis would be rejected if cephalometric
measurement differences are demonstrated between
modified and unmodified individuals, which would
mean that craniofacial metrics may not be used to
discern biological differences among groups for
modified individuals. If, however, this hypothesis
was not rejected, modified and unmodified crania
may be used in biological affinity studies utilizing
craniofacial metric analyses.

Results
The analysis compared the craniofacial
measurements attained from each of the modification

modificacion para cefalométricas craneal (ANOVA).

. ANOyA  Deerees
Cephalometric Measurements of
P-Value
Freedom
Sella-Nasion-A-point (A) .032* 217
Sella-Nasion-Frankfort Plane (A) .199 217
Sella-Nasion-Palatal Plate (A) .389 217
Sella-Nasion-Gnathion (A) 17 217
Sella-Nasion-Basion (A) .015* 217
Condylar Plane/Sella-Gnathion (A) .630 217
Nasion-Pogonion/Mandibular Plane (A) .016* 217
Anterior Nasal Spine-Nasion (L) 167 217
Sella-Nasion (L) 140 217
Basion-Nasion (L) .103 217
Menton-Nasion (L) 334 217

*Statistically Significant (P = 0.05).

styles identified in the Hrdlicka typology to
unmodified individuals using the ANOVA test.
The results demonstrated three measurements with
statistically significant differences among the two
modification styles and unmodified crania (Table
4). These measurements included the Sella-Nasion-
A-point, an angular measurement that measures
the convexity of the face in relation to the location
of the maxilla, Sella-Nasion-Basion, an angular
measurement that examines the general convexity
of the face, and Nasion-Pogonion/Mandibular Plane,
which measures the medio-vertical angle based on
the anterior portion of the face. Overall, there was no
difference in the Sella-Nasion-A-point measurement
between annularly modified and unmodified
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individuals, but fronto-occipitally modified
individuals demonstrated a slight but significant
increase for this measurement. Annularly modified
individuals demonstrated a slight but significant
decrease while fronto-occipitally modified individuals
demonstrated a slight but significant increase in the
Sella-Nasion-Basion measurement when compared
to unmodified individuals. Individuals with annular
or fronto-occipital modification demonstrated
statistically significant increased measurements in
the Nasion-Pogonion/Mandibular Plane measurement
as compared to unmodified individuals (Table 5).

These results demonstrate that ACM does affect
specific facial measurements. They do not, however,
completely agree with the expectations. It was
expected that both modification styles would increase
the effected measurements, which occurred with the
Nasion-Pogonion/Mandibular Plane measurement.
Fronto-occipital modification caused an increase in
the Sella-Nasion-A-point and Sella-Nasion-Basion
measurements. Annular modification demonstrated
adecrease in the Sella-Nasion-Basion measurement
but no difference in the Sella-Nasion-A-point
measurement. The differences in the results between
the two ACM styles are not unexpected and most
likely due to the pressures associated with the ACM
devices to form radically different modification
styles. The increase in the measurements among
the fronto-occipital modification style could be

due to the pressures on the occipital, which would
have pushed the sphenoid (sella) up, causing the
face (nasion) to compensate accordingly when
the facial growth occurred during adolescence.
The pressures on the frontal and occipital bones
associated with annular modification could have
caused a decrease in measurements if the device
lay low on the forehead, closer to the nose (nasion),
causing the face to compensate accordingly.

Discussion and Conclusion

These results demonstrate that ACM does affect
some facial measurements but not all, which is an
incomplete rejection of the null hypothesis. This
result is in agreement with previous analyses that
also noted some facial change occurred in ACM
crania (e.g. Anton 1989; Bjork and Bjork 1964,
Brown 1981; Cheverud et al. 1992; Cybulski 1975;
Frieb and Baylac 2003; Kohn et al. 1993; Manriquez
et al. 2006; Oetteking 1930; Pomeroy et al. 2010;
Rhode and Arriaza 2006) but particularly with Anton
(1989), Brown (1981), Cheverud et al. (1992),
Cybulski (1975), Oetteking (1930), and Rhode
and Arriaza (2006), that latter of which utilized
some of the same northern Chilean populations in
their study, who noted similar facial measurement
changes found in this study, in the modified crania
they surveyed.

Table 5. Means and standard deviations of the Hrdli¢ka typology and unmodified cranial cephalometric measurements
(rounded to nearest 100t).
Promedios y desviaciones estdndar de las Tipologias Hrdlicka y de las Mediciones Craneales Cefalométricas sin modificar
(redondeadas a la centésima mds cercana).

Unmodified Crania

Annularly Modified Crania Fronto-Occipitally

Modified Crania
Measurements (N=10D (N=59) (N=66)
Mean Star?dz?rd Mean Star}da}rd Mean Star}da.lrd
Deviation Deviation Deviation
Sella-Nasion-A-point 85.75 495 85.57 4.45 87.54 4.74
Sella-Nasion-Frankfort Plane 4.76 3.62 6.04 4.09 5.65 3.78
Sella-Nasion-Palatal Plate 6.88 3.54 7.56 345 6.90 3.40
Sella-Nasion-Gnathion 70.52 473 70.95 5.0635 69.54 4.70
Sella-Nasion-Basion 18.89 2.92 17.79 2.6596 19.26 2.62
Condylar Plane/Sella-Gnathion 67.45 4.77 68.15 4.8875 68.03 4.95
Nasion-Pogonion/Mandibular Plane 60.58 4.70 61.88 4.6525 62.88 5.82
Anterior Nasal Spine-Nasion 5222 3.52 52.60 3.2040 53.30 3.93
Sella-Nasion 65.56 4.85 66.18 4.8405 64.52 4.04
Basion-Nasion 104.68 7.18 107.57 8.1573 105.61 8.54
Menton-Nasion 123.85 8.90 124.72 8.2664 123.41 8.64
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The expectation that ACM would affect facial
convexity and vertical height, however, was not met,
as the cephalometric analyses demonstrated that
overall there were not enough facial measurement
and angular changes produced that would have
greatly affected either convexity or height,
which is in line with similar conclusions derived
from previous studies on Chilean populations
(Rothhammer et al. 1982). The cephalometric
measurements did demonstrate some slight and
statistically significant changes in height and
convexity, evidenced by the three (out of 11)
measurements that were affected. As the remaining
measurements were not affected, however, the few
facial metric changes induced by ACM were not
great enough to completely change the whole of the
face. These results, however, are limited in scope
as the focus of the analyses utilized herein was on
facial convexity, height, and mandibular location.
Other studies on additional facial measurements
and orientations of the face (e.g. facial breadth,
frontal plane, etc.) have yielded variable results,
further demonstrating the need to further study
facial metrics in relation to ACM.

There was an expectation for a greater number
of changes to be present in modified individuals,
and the reasons for the lack of changes may be
related to the genetic nature of craniofacial growth
or growth relapse. As described by Moss (1960,
1962, 1969), craniofacial growth is hypothesized
to be managed by both soft and osseous tissue
growth, and both genetic and environmental factors
control overall growth. It may be that while ACM
is an environmental (e.g. biocultural modification)
factor that can redirect growth, this redirection may
be strongest in areas of device placement and only
indirectly affect the peripheral areas (e.g. cranial
base and face). The timing at which ACM devices
were removed (perhaps as late as the fifth year of
life) may be too early to induce permanent changes
in the peripheral area of the face, particularly since
the face undergoes rapid growth during puberty
(approximately seven or more years later). This
lag between the removal of the ACM devices and
rapid facial growth may be enough time for the
remaining areas of the skull, particularly the cranial
base that dictates location of many facial features, to
relapse (change and be redirected) to their intended,
unmodified locations (Cheverud and Midkiff 1992;
Thilander 2012). This is a reality that practicing
orthodontics must consider when diagnosing and

treating patients as the timing of the treatment
greatly affects what types of changes as well as
their permanency that can be made. In modern
orthodontic practice, most treatment is completed
during late childhood/early adolescence as this is
considered the prime time to enact permanent and
effective craniofacial changes (Thilander 2012),
which is not in line with the timeline for when
ACM devices were utilized to change the natural
form of the crania in these samples. It may be that
if permanent facial changes related to ACM were
caused that it was due to longer device placement or
direct placement on the facial bones being affected.

In addition, other factors, such as population
differences between inland and coastal groups,
age-at-death, sex, may be affecting these results, but
due to the nature of the sample, these factors could
not be fully explored as postcranial remains were
unavailable. As well, it is unclear the full effects of
ACM on cranial epigenetic traits (Dorsey 1897; El
Najjar and Dawson 1977; Gerszten 1993; Gottlieb
1978; Guillén 1992; O’Loughlin 2004; Ossenberg
1970; van Arsdale and Clark 2010; White 1996),
rendering applicable analyses utilizing these traits
difficult if not unworkable. There is an on-going
debate in regards to the genetic variation that may
be present in these populations. There is definitive
evidence of contact between highland Andean
and coastal groups, but scholars have debated
the existence of gene flow from highland Andean
migrants into the region (Berenguer and Dauelsberg
1989; Goldstein 2005; Moraga et al. 2005; Muiioz
1987; Piazza 1981; Rivera 1977, 2008; Rothhammer
et al. 2002; Santoro 1980a, 1980b, 1980c, 1981;
Santoro and Ulloa 1985; Varela and Cocilovo 2002).
This potential gene flow may also be a factor that
affects the craniofacial growth processes in addition
to changes induced by ACM. Further study into
these matters is necessary to further test the primary
hypothesis of this study.

There do remain alterations to the face, and these
alterations are statistically significant and warrant
further review in relation to their effect on biological
affinity studies on northern Chilean groups. The
results of this study confirm that some craniofacial
measurements among northern Chilean populations
are affected and therefore cannot be used within the
context of biological affinity studies. These results
demonstrate that ACM does affect the facial bones,
albeit in variable and in this case minimal ways.
Scholars should take care in using facial metrics in
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biological affinity studies that include individuals
demonstrating ACM.

In conclusion, the purpose of this study was to
determine the effects of ACM on facial measurements
in order to determine if and how ACM may affect
biological affinity studies. The results of this analysis
demonstrate that some facial measurements can and
will be affected by ACM and therefore scholars
should carefully scrutinize the facial measurements
chosen before completing analyses using these traits.
Given the variability in results among previous
studies, the conservative conclusion of this study
is that the specific results are only applicable to
the populations and samples utilized within this
analysis, but the variability in the literature on this
topic should be used a cautionary tale to scholars
to carefully scrutinize their methods and results to
ensure maximum accuracy.
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