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SUMMARY: Morphometric approaches can be combined with 2D or 3D imaging to quantitatively evaluate craniofacial medical
conditions depicted in material culture and to learn more about the culture being studied. A terra-cotta figurine (citci f5@® Ahe
Tolteca culture of Mexico has previously been qualitatively “diagnosed” with Down syndrome (DS) based on the presence of absenc
facial features typically associated with trisomy 21. The purpose of this research is to quantitatively test the hypbthedislthaa
figurine exhibits facial features consistent with DS. Landmarks (n = 24) were acquired from sex- and age-matched (5420 yrs) fac
images of DS individuals (n = 32), euploid individuals (n = 32), and the Tolteca figurine. Landmark coordinates were smbjected
geometric morphometric analyses, and the results suggest that the Tolteca figurine displays facial morphology consiSent with D

KEY WORDS: Trisomy 21; Down syndrome; 3dMD; Euclidean distance matrix analysis (EDMA); Principal coordinates
analysis.

INTRODUCTION

The range of variation in facial features of(Collmann & Stoller, 1963; Megarbaret al.,, 2009).
contemporary humans, non-human primates, and purporiédividuals with DS typically display characteristic facial
human ancestors has long held the interest of anthropologist®rphology and impaired cognition (Richtsmegdral,
biologists, and anatomists. Developmental perturbations &@00). A constellation of other traits may be associated with
capable of altering the typical human facial blueprint to crealS faces including: almond-shaped eyes, epicanthic folds
facial phenotypes that may be diagnostic of particuld®liver, 1891; Shuttleworth, 1886), a flat or depressed nasal
environmental or genetic effects. Developmental conditiod®idge and upturned nose (Greig, 1927a, 1927b; Jones,
that affect the craniofacial complex have historically beeh890), midfacial hypoplasia (Frostatal, 1971; Kisling,
depicted in artwork, and many congenital abnormalities ad@®66), an open-mouthed facial posture that may include a
genetic disorders can be diagnosed in material culture peotruding tongue, and reduced rates of craniofacial growth
learn more about a particular culture and the evolution Benda, 1941; O’Riordan & Walker, 1979). Different
the medical condition being investigated (Canalis & Cinggombinations of DS facial traits may be present in each in-
2003; Emery, 1996; Pirsigt al., 1995; Salter & dividual DS face because of allelic variation, ancestral bac-
Ramachandran, 2008; Vegter & Hage, 2000). kground, and variable levels of gene expression due to copy

number variation and gene-dosage imbalance caused by

Down syndrome (DS) results from having three corisomy 21 (lonita-Lazat al, 2009; Korbelet al, 2009;
pies of chromosome 21 (i.e. trisomy 21) and occurs atMakino & McLysaght, 2010). Other factors that affect fa-
frequency of about 1:700 across the world (CDCP, 2006ial appearance include inter- and intra-population
Kuppermanret al, 2006; LeJeunet al, 1959). Today the differences, sex, and age. As a result of these influences, DS
average lifespan of individuals with DS is more than 50 yeaigdividuals tend to resemble each other, but often also
but in 1900 the average DS lifespan was only 9 yeargsemble their family members (Shaeeal, 2001).
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Skeletal remains with phenotypic features consisterstandardizing 3D image orientation Because a 3D image
with DS have been dated to 5200 B.C., but DS has likebf the Tolteca figurine was unobtainable, the orientation of
occurred throughout human existence (Watkel, 1991). 3D surface images of DS and euploid individuals were
Possible depictions of DS in historical material culture argtandardized to the same orientation depicted in the Tolteca
dated as far back as 5000 B.C. (Diamandopailak 1997) figurine, and 3D images were saved in 2D (JPEG) for
and can be found in several figurines, ceramic pottery, antbrphometric analysis. The angle between 2 lines {88.3
paintings (Starbuck, 2011). Diagnoses of the presencedrawn through left and right endocanthion (i.e. len-ren) and
absence of DS in artifacts are often evaluated in a qualitativasion and labrale superius (i.e. n-Is) was measured on the
and subjective manner based on the presence or absencBotieca figurine image using a 7” iGaging digital protractor
traits associated with trisomy 21 (Starbuck, 2011). & ruler (reported measuring range 0-36@solution 0.05

accuracy+0.2°, and repeatability 07}, and this angle was

Martinez-Frias (2005) published a photograph of aubsequently verified using ImageJ software (http://
terra-cotta figurine (circa 500 A.D.) from the Tolteca culturesbweb.nih.gov/ij/download.html). Next, each individual 3D
of Mexico that may exhibit DS. The author argued that thenage was oriented into the same position as the Tolteca
terra-cotta figurine exhibits short palpebral fissures, obliqdegurine, and the angle between len-ren and n-Is was
eyes, midfacial hypoplasia, and an open mouth withraeasured to standardize orientation between the figurine,
protruding tongue (Fig. 1) (Martinez-Frias). The individuaDS, and euploid samples. Orientation for each 3D image
depicted in the Tolteca figurine also appears to be wearingvas considered accurate once the angle between len-ren and
headpiece and an earring, possibly with a stretched earlobds was within 88.3t1.5°. DS and euploid 3D images were

saved in 2D (JPEG), and the measurement of this angle was

Although the Tolteca figurine appears to be a childerified in ImageJ for each image.
with DS, quantitative evidence of this diagnosis is lacking.

The purpose of this investigation is to use geometridata Collection and exploration Facial landmarks and
morphometric methods to quantitatively compare the faciaksessment of error. A large number of quantitative geometric
morphology of the Tolteca figurine to DS and euploidnorphometric methods (e.g. Procrustes superimposition,
samples. It is hypothesized that the facial morphologguclidean Distance Matrix Analysis) exist for measuring and
exhibited by the Tolteca figurine will be more consistentomparing morphological form (Richtsmegfral, 2002).
with the range of facial morphology associated with DS[he use of landmarks in geometric morphometric research
and less consistent with the range of facial morpholodyas become widespread because landmarks are repeatable
associated with euploid individuals. and provide geometric information in terms of the relative
location of structure (Bookstein, 1991; Lele & Richtsmeier,
2001). Using ImageJ software 24 landmarks (Table I, Fig.
MATERIAL AND METHOD 2) were located and landmark coordinate values were
recorded for analysis. A subset of 5 images was chosen to
assess measurement error. Landmarks were located and x, y
Facial 3D surface imagesAge-matched (5-20 yrs) 3D surfacecoordinates recorded for each image on 3 separate occasions
images of DS individuals (n = 32) and euploid individuals (n with at least 24 hours between landmarking trials to avoid
32) were obtained with the 3dMD face system (http:#hemory bias in landmark placement. The standard deviation
3dmd.com/). Subjects were instructed to display a neutral famong homologous x and y landmark coordinates was
cial expression while sitting upright. The 3dMD systentalculated for each of the 5 images measured. The mean
acquires multiple images of the same individual simultaneoustyandard deviation among all images was then calculated to
and uses a random point cloud to merge 2D images into a shssess measurement error (mean = 0.58 mm, x = 0.59, y =
gle 3D facial image that represents facial topography. 0.57) and is considered adequately low for the purposes of
this study. Following assessment of measurement error

A wide age-range was chosen for each sampt®ordinate values for 24 landmarks were collected and
because the age of the individual depicted by the Toltececorded from each facial image and used in analysis.
figurine is unknown. Because the sex of the Tolteca figurine
is also unknown, a male and a female for each particular ~ Outliers. Landmark coordinate data were explored
age were chosen for each sample. Individuals from variours MorphoJ using the outlier option to view how each
ethnic backgrounds were included in each sample (iiadividual's landmark coordinates deviate from the average
Caucasian, Hispanic, Asian, African-American, Nativéandmark configuration and to ensure that no landmark labels
American) to establish the range of facial variation presehad been swapped during data collection (Klingenberg,
across DS and euploid individuals. 2011). No individuals were removed as outliers.
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Allometry. Allometry is morphological variation that PCA transforms the variables being analyzed into
is related to size variation (Klingenberg, 2009; Mitteroeckex new set of variables called principle components (PCs),
& Bookstein, 2007). The concept of allometry refers tevhich are uncorrelated and orthogonal to each other and
changes in the proportions of parts of the body that becoma&n be inspected and interpreted separately. Each PC
altered as an organism ages. Centroid size is defined asdlkeounts for a percentage of the variance in data, and the
square root of the sum of the squared distances of atder of the PCs successively accounts for the maximum
landmarks from their centroid and is a measure of the amoyr@ssible amount of variation (Klingenberg, 2002;
of dispersion of the landmarks around their centroillingenberget al, 2002). The sum of all PCs explains all
(Bookstein, 1996). Landmark coordinate data were initiallihe variance in the data. To accomplish transformation of
assessed for the presence of allometry in MorphoJ softwar@riables into PCs the PCA defines a new coordinate
by regressing individuals upon their centroid size and theystem that is aligned with the main axeplaking
testing for allometry using residual permutation (10,000Qariation in the shapespace defined by the morphometric
rounds) (Klingenberg, 2011). The amount of shape variati@ata. The variance associated with each PC is called an
explained by allometry was low (2.48%), not significant (peigenvalue. The PCs and associated eigenvalues characterize
value = 0.1142), and therefore an allometric correction wélse directions and amounts of multivariate variation in a
unnecessary. sample (Klingenberg, 2002). Typically, the first three PCs

provide the best approximation of the total variation in the
Morphometric Analyses of Facial Form Procrustes data being explored and shape variation associated with each
superimposition. Landmark coordinates were subjectedR& can be explored using wireframe graphs (Klingenberg,
a generalized Procrustes superimposition in Morph@D11; Klingenberg & Mclintyre).
(Klingenberg, 2011) to minimize the influence of size
following methods described by Klingenberg & McintyreEuclidean Distance Matrix Analysis global form test.
(1998). An overall best fit of landmarks was achieved b&lternative means for assessing facial variation were also
rescaling landmark configurations to a standard sizearried out to determine if additional geometric
shifting them to a standard position using centroichorphometric methods provide similar answers. A 2-sample
superimposition, and rotating them to a standard orientati&nclidean Distance Matrix Analysis (EDMA) approach was
in iterations using a least squares criterion that minimizesed to statistically test for similarity in facial form among
the sum of squared distances among homologosamples following the methods of Lele & Richtsmeier.
landmarks (Klingenberg, 2002; Klingenbergal, 2002; EDMA is a coordinate system invariant method that does
Leamy & Klingenberg, 2005). These steps do not changet rely on translation, rotation, or reflection of the samples
the shape information contained within the landmark datieing studied. Anatomical landmark coordinates were scaled
and an average consensus configuration of landmarksbisthe geometric mean to correct for potential size differences
created that represents shape variation among sampleamong images and coordinate data were converted into a

form matrix, consisting of all unique linear distances among
Principal Components Analysis. Morphological landmarks (n = 276 for each image). Mean form matrices
variation of Procrustes superimposed facial landmadonsisting of average linear distance measures between
coordinates was explored by generating a covariansamples were compared using a nonparametric bootstrap
matrix and carrying out a Principal Components Analysid 0,000 resamples) to assess global form similarity, and a p-
(PCA) following methods described by Klingenbeg value of< 0.05 was considered significant. The following
al. (2002). PCA is typically used as a data reductioB-sample comparisons were carried out to assess the null
ordination method to explore patterns of variation ihypothesis of similarity in global facial form: 1) figurine
multivariate shape-space for multiple variables within eompared to DS sample, 2) figurine compared to euploid
sample (Klingenberg & Mclntyre). Here PCA confidencesample, and 3) DS sample compared to euploid sample.
ellipses were used to determine if the pattern of
morphological variation present in the face of the Tolted@rincipal coordinates analysisAdditionally, an extension
figurine is more consistent with patterns of morphologicalf the EDMA approach called a principal coordinates
variation present in the DS sample or the euploid samp#nalysis (PCOORD) was applied to the 3 samples following
PCA does not rely on a priori knowledge of a sampletie methods described by Richtsmeétral. (1998).
group structure. Therefore, it stands to reason that if tR€EOORD explores the specific combinations of linear
Tolteca figurine exhibits patterns of facial morphologyneasurements that best separate samples in multidimensional
more consistent with the DS sample then the figurirferm space by assessing dissimilarity among every possible
should cluster more closely to the DS sample and furtheair of individuals and compiling dissimilarity values into a
away from the euploid sample. matrix that is subjected to an eigenanalysis to obtain
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eigenvalues and eigenvectors for each individus
(Richtsmeieet al, 1998). The result is an ordination of the
individuals on the basis of the original landmark data that
projected into multivariate form space (Richtsmeier & Lel
1993). Similar to PCA, PCOORD performs an orthogon;
decomposition of the data into uncorrelated axes th
successfully account for the maximum amount of variang
among samples. Correlations between eigenvect
coefficients (the position of an individual along an axis) a
the original interlandmark distances were calculated a
explored to determine which linear distance measures ald
the negative and positive ends of each axis contribute m
strongly to separating samples in high dimensional spa
High positive correlations areassociated with relatively larg
linear distance measures, whereas high negative correlati
are associated with relatively small linear distance measu
(Richtsmeieet al, 1998).

RESULTS

Form analysis. Facial shape differences among sampl
based upon superimposition. The results of the PCA sha
analysis and associated wireframes are shown in FigureF8l. 1. Terra-Cotta Figurine from the Tolteca culture of Mexico
Figure 3A depicts PC1 vs. PC2 and 85% confidence intervéf§ca 500 A.D.) (Martinez-Frias, 2005).

for the DS and euploid samples. Together PC1 and P@l
explain 40.57% of the facial shape variance in the data se
The DS and euploid samples overlap along PC1. The Tolte
figurine is outside of the 85% confidence interval for th
euploid sample, but within the 85% confidence interval fc
the DS sample. The DS and euploid samples partia
separate along PC2. Again the Tolteca figurine is just outsi
of the range of variation defined by the euploid sample a
well within the range of facial variation defined by the DS
sample. The shape and size of the 85% confidence ellip
for each sample suggest that there is a wider range of fac
shape variation associated with the DS sample. PCA pl¢
were also constructed based on biological sex and 4 y
age groupings, but no differences among samples were fo
(results not shown). Figure 3C depicts directions of sha
change associated with PC1 using a wireframe outline.
overall mean shape is shown in light grey. The mean sh
changes associated with the positive end of PC1 are shg
in black to illustrate the range of facial shape variation acra
the samples relative to the mean facial shape. PC1Hg. 2. Landmarks used in facial morphology analyses. Landmarks
associated with differences in elevation of the eyes, the bridge defined in Table I.

of the nose, and the lateral and inferior margins of the lip.

PC1 is also associated with changes in the width of the faglevation, protrusion, and width of the lower part of the nose
and nose combined and slight changes in nose protrusiernound the nostrils and changes in lip height associated with
Figure 3D depicts shape differences associated with PG superior and inferior borders of the lip. Additionally, PC2
such as changes in eye width and lateral placement of th@ssociated with differences in facial width and the height
corners of the eye. Moreover, PC2 includes differences @md angle of the chin.
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Table I. Definitions of anatomical and constructed landmarks collected in this study. Midline and bilateral landmarksededepie
Tolteca figurine in Figure 2.

Landmark Definition

1 Nasion (n) The point in themidline of both the nasal root and the nasfronta suture.

2 Pronasale (prn) The most protruded point of the gpex nas.

3 Subnasa e (sn) The midpoint of the angle at the columella base where the lower border of the nasa
septum and the surface of the upper lip meet.

4 Labrale Superius (Is) The midline soft-tissue point at labide superius on the vermilion border of the
upper lip.

5 LabralelInferius (i) The midline soft-tissue point a labiale inferius on the vermilion border of the
lower lip.

6 Sublabide(Sl) The upper border of the chin adong the midline

7 Menton (mtn) The inferiommost border of the chin along the midline.

8(9) Exocanthion (ex) The point a the outer commissure of the eye fissure.

10(11) Endocanthion (en) The point a the inner commissure of the eye fissure.

12 (13) Alar curvature (ac) The most laterd pointin thecurved baseline of each da

14 (15) Subdare (shal) The point at the lower limit of each aar base, where the alar base disappears into
the skin of the cutaneous upper lip.

16 (17) Chdion (ch) The point located a eash labial commissure at the most lateral intersection of the

upper and lower lip.
18(19) Inferiolateral facia border (ifb) The inferior and lateral border of the chin directly inferior to the chelion

landmarks.

20 (21) Lateral facial border (Ifb) The point on the cheek border of either side of the face that intersects with a line
passing through the | eft and right chelion landmarks.

22 Otobason inferi us (obi) The point of the attachment of the ear |obe to the cheek that determines the lower

border of the ear insertion.
23(23) Superiolateral facial border (sfb) The superior and latera border of the sides of the face where a line passing through
the left and right endocanthion intersects with the sides of theface.

Figure 3B depicts PC2 vs. PC3 and 85% confidendacial morphology was also significant (p-valg@.001),
intervals for the DS and euploid samples. Together PC2 aindicating that DS and euploid facial form is dissimilar.
PC3 explain 30.48% of the facial shape variance in the data
sets. Again, the Tolteca figurine falls just outside of the 85%orphological measures that differ among samplesi
confidence interval for the euploid sample, but is situatddCOORD analysis was carried out to explore patterns of
well within the 85% confidence interval for the DS samplenultivariate facial form variation and to localize facial li-
Although both samples overlap along PC2 and PC3, thear distance measurements that differ most among samples.
confidence ellipse for the DS sample is larger than tHégure 4A depicts PCOORD axes 1 and 2, which explain
confidence ellipse of the euploid sample. Figure 3E depic36.65% of the variation across samples. The linear distances
shape changes associated with PC3, which include snalthng the positive and negative axis that contribute most
changes in eye elevation and width, and changes in the ldteavily to separation among the samples are depicted for
ral and inferior margins of the lip. Moreover, PC3 includesach axis. Along PCOORD axis 1 the DS and euploid
changes in facial width and a more vertical facial profilessamples partially separate, but the Tolteca figurine is clearly
PC3is also associated with changes in chin width and heighithin the rage of facial variation established for the DS
a more squared chin, and angular chin deviations. sample and outside of the range of variation of the euploid

sample. The linear distances along the negative end of axis

Global facial dissimilarity among samplesAn EDMAglo- 1 that best separate the DS and euploid sample consist of
bal test of similarity in facial form for the figurine and DSsmaller measurements of the mid- and lower face in the DS
sample failed to reach statistical significance (p-value sample. The linear distances along the positive end of axis 1
0.093), indicating that facial form between these two samplesnsist of larger lower face measurements related to facial
is similar. The global test of facial form for the figurine andvidth and lip width, and the width of the left eye in the
euploid sample was significant (p-value = 0.032), suggestiegiploid sample. Along axis 2 all samples overlap. The li-
that facial morphology of the figurine differs from euploidnear distances that best separate samples at the negative end
facial morphology. The global comparison of DS and euploiof axis 2 are localized to the mid- and upper face and to
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Fig. 3. Principal components analysis (PCA) results. PCs 1-3 explains 52.89% of shape variation across samples. A) A piot of PC

PC2 is depicted for the DS (triangle) and euploid samples (circle) with 85% confidence ellipses. The Tolteca figurinette cisbar

with arrow pointing to it) in relation to the trisomy 21 and euploid samples and falls outside of the confidence ellipseitbr eu
individuals, but within the confidence ellipse for the DS sample. B) A plot of PC2 vs. PC3 is depicted for each samplehedathe

figurine with 85% confidence ellipses. C) Shape changes associated with PC1, which explains 22.41% of shape variatioplesoss sa

The grey wireframe represents the average shape configuration along PC1, while the black wireframe represents the range of shap
deviation from the mean shape along PC1. D) Shape changes associated with PC2, which explains 18.16% of shape variation across
samples. E) Shape changes associated with PC3, which explains 12.32% of shape variation across samples.
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changes in orientation of the left eye. The linear distances that best sepattethe DS and the euploid samples;
samples at the positive end of axis 2 are localized to changes in width of the fightever, the Tolteca figurine is much

half of the midface.

closer to the DS sample than it is to the
euploid sample. The linear distances

Figure 4B depicts principal coordinate axis 2 vs. axis 3, which explain 31.269at best separate samples at the
of the variation across samples. Along axis 3 the DS and euploid samples partialfjative end of axis 3 are localized to
separate and the figurine is outside of the range of facial variation depictedermidface and consist mostly of ver-
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tical facial measurements between the
corners of the eye, the lower and lateral
borders of the nose, and the upper lip.
Along the positive end of axis 3 the li-
near distances that best separate the
samples consist of several mid- and
lower face measurements localized to
the left inferiolateral facial border and
different aspects of the upper lip and
lower and lateral borders of the nose.

Fig. 4. Principal coordinates analysis results.
Axes 1-3 explain 51.29% of the form
variation across samples. A) A plot of axis
1 vs. axis 2 is depicted for the Down
syndrome (DS) (circle) and euploid samples
(square). The Tolteca figurine is shown
(diamond with arrow pointing to it) in
relation to the other samples and falls
outside of the range defined for the euploid
sample, but within the range of the DS
sample. The linear distances that best
separate samples are depicted for the
negative (dotted lines) and positive (solid
lines) ends of each axis. B) A plot of axis 2
vs. axis 3 is depicted for each sample and
the Tolteca figurine. The Tolteca figurine is
outside of the range defined for the DS and
euploid samples, but closer to the range of
the DS sample.
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DISCUSSION the extremes of facial morphology found in this sample of
DS individuals. While the range of facial variation in DS
has not been explored in detail, the size and shape of the

It has been argued that the terra-cotta Tolteca figurif®CA confidence ellipses indicate that DS faces exhibit a
represents an individual with trisomy 21 because severaider range of facial phenotypic variation than euploid fa-
qualitative facial features are present: palpebral fissuregs (Fig. 3). Overall, quantitative PCA results support the
oblique eyes, midfacial hypoplasia, and the open mougitigument that the Tolteca figurine likely depicts an indivi-

frequently seen in DS individuals (Martinez-Frias; Starbuckglual with trisomy 21.

DS faces are frequently thought of as “characteristic” but

factors such as genetic background, age, sex, environment, EDMA form results suggest that the facial form of

and altered growth patterns can affect the traits presenttlie Tolteca figurine is significantly different from the euploid

each individual DS face (Ferragbal, 2004a, 2004b; Fink sample (p-value 0.032). However, the facial form of the
et al, 1975; Fischer-Brandies, 1986; Frostad; Starlaick Tolteca figurine is not significantly different from the DS
al., 2011). As a result, DS faces are variable, and masgmple (p-value 0.093). The DS and euploid samples in this
morphological forms can be associated with thetudy do not entirely separate in the multidimensional

“characteristic” DS face. Rather than relying on the presentmmspace defined by a principal coordinates analysis

or absence of qualitative traits that are “characteristic” PCOORD), but there is partial separation of samples along

individuals with trisomy 21, the quantitative results presentetkes 1 and 3. For axes 1 and 2 (Fig. 4) the Tolteca figurine
here capture the range of facial variation that can occurdtearly lies in the formspace defined for the DS sample and

DS and euploid faces due to differences in age, sex, anuatside of the formspace defined for the euploid sample.

ethnic background. The negative end of axis 1 is associated with smaller linear
measures of the mid- and lower face around the nose and

Multivariate geometric morphometric techniquesnouth in the DS sample, whereas the positive end of axis 1
were employed throughout this study to determine if patterissassociated with larger linear measures of lower facial width
of morphological variation associated with the Toltecand eye width in the euploid sample. The negative end of

figurine are more consistent with a sample of DS faces omais 2 is associated with smaller linear measures of the mid-

sample of euploid faces. The DS and euploid samplesand upper face in the DS and euploid samples around the

this study do not entirely separate in the multidimensionbdft eye, whereas the positive end of axis 2 is associated
shapespace defined by a principal components analysigh larger linear measures of midfacial width in the DS

(PCA). However, results from the PCA analysis clearland euploid samples on the right side of the face. Axes 2

depict the Tolteca figurine outside of the 85% confidencand 3 depict the Tolteca figurine outside of the range of the

ellipses established for the euploid sample whil®S and euploid samples, but the Tolteca figurine is much
simultaneously depicting the Tolteca figurine within the 85%loser to the range of variation established for the DS sample.
confidence ellipses for the DS sample along PCA axes 1FBe negative end of axis 3 is associated with smaller verti-

(Fig. 3). The Tolteca figurine falls just outside of the rangeal measures of the midface in the euploid sample around

of variation defined for euploid faces along PC2, which dodke eyes, whereas the positive end of axis 3 is associated

show partial separation between DS and euploid sampl@sth larger linear distance measures of the mid- and lower

This suggests that changes in facial shape variatiface in the DS sample localized to the inferiolateral facial

associated with PC2 may be the main shape changes thaider, possibly due to an open mouthed facial posture. Taken

distinguish the Tolteca figurine from the euploid sampldgogether, results from the quantitative analyses presented here

These changes include 1) mediolateral changes in eye widtho support the argument that the Tolteca figurine exhibits

and width between the eyes, 2) anterioposterior changedagial morphology that is consistent with the facial variation

nasal protrusion and superioinferior displacement of the nagalind in a sample of DS individuals.

wings and nostrils, possibly due to midfacial hypoplasia, 3)

changes in the superioinferior location of the lip borders, Arguments for or against a diagnosis of DS in

possibly due to the open mouth posture frequently presetifferent forms of material culture are often based on the

in DS, and 4) changes in facial width, chin height, and tressumption that characteristics commonly associated with
angle of the chin. The Tolteca figurine falls within the rangrisomy 21 ought to be depicted in the artwork created.
of facial variation associated with PC2, but it lies moré&lowever, DS live-births are rare (approximately 1:700) and
closely to the center of the DS distribution than some of thnéstorically individuals with DS had a relative short average
other DS individuals located on the fringes of the shapespditespan (9 years in 1900). When both of these factors are
defined in Figure 3. Thus, the Tolteca figurine exhibitséaken into account, it is likely that very few models with DS
morphology that is more similar to average DS faces thanwmuld have been available for an artist to depict 1500 years
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ago. The relative rarity of DS may have precluded marhealth conditions have been recovered in other cultures and
artists from ever meeting more than a few individuals wittn some cases are thought to have functioned as an offering
DS and possibly none at all, although through time ae the gods to attain lasting health or to request cures for
populations became sedentary and increasingly dense thedical ailments (Pirsigt al). Perhaps the artist who created
likelihood of an artist encountering a DS individual probablyhe Tolteca figurine had a child or a sibling with DS and
increased. created this artifact with the hope of improving the DS
individual's health. If true, the terra-cotta figurine may
Many characteristics are associated with the DS fagarovide insight into ancient Tolteca religious practices.
but individual DS faces are variable and not all traitslowever, it will never be known if the artist who created
associated with trisomy 21 are present in every individutiis artifact intended for it to be a realistic portrayal of
DS face. Artists working with a DS model may havesomeone with trisomy 21. It is difficult to extrapolate cultu-
recreated the traits present in a particular individual withowl values, morals, and compassion from material culture
knowledge of the range of facial variation that can occutue to a lack of evidence and because many assumptions
from trisomy 21. Thus, traits that are present or absent imauld be required (Dettwyler, 1991). For example, if the
particular piece of material culture thought to depict an infolteca figurine was created to represent a living individual,
dividual with DS may result from “artistic founder effects"we cannot assume that that individual was a burden or a
that occur from recreating a single DS model in artwork aronproductive member of society. This individual may have
copying features from another artifact, rather than inattentiquiayed a vital role in his or her society. Nor can we assume
to detail on the part of the artist (Starbuck, 2011). Othéhat this individual was treated well or poorly because there
factors that may affect how accurately an individual witis no evidence to support either argument. Fortunately, the
DS is portrayed in a particular piece of material culturguantitative analyses presented here require no such
include artistic skill level, cultural context and values, artistiassumptions, and the results of these analyses strongly
expression (i.e. was the artist attempting to be realistic®yggest that the figurine depicts an individual with DS. The
social structure, mythology or religion, and the materiaimethodology utilized in this study is objective and has the
available to create the artwork (e.g. clay, stone, paint) inpatential to be used for future investigations of material
particular geographic region (Vegter & Hage). culture depicting craniofacial form to compliment, and
possibly supersede, qualitative diagnoses of human
Unfortunately nothing is known about the artist oconditions affecting the face.
his or her intentions when creating this artifact over 1500
years ago. From an anthropological standpoint, the fact that
this figurine was created suggests that the individual WRCKNOWLEDGMENTS
stood as a model for the artist lived well into childhood and
possibly adulthood. If correct, this could suggest that the
Tolteca culture of Mexico did not practice infanticide of Grant sponsorship: Graduate Research Fellowship
individuals with perceived deformities. Alternatively, it maygrant from the National Science Foundation; Grant number:
be the case that the DS individual depicted was not perceiM@@E-053135 (to J.M.S.); Grant sponsor: Doctoral Dissertation
as being deformed and may have enjoyed an elevated Rasearch Improvement Grant from the National Science
tus, possibly due to social class. Artifacts depicting varioiundation; Grant number: BCS-1061563 (to J.M.S.).

STARBUCK, J. M. Evaluacién cuantitativa de la morfologia facial de una Figura Tolteca de México utilizando la morfometria geométrica.
Int. J. Morphol., 32(2)499-509, 2014.

RESUMEN: Con el objetivo de evaluar cuantitativamente las complejas condiciones medicas craneofaciales, se pueden combi-
nar los enfoques morfométricos con imagenes 2D o 3D representadas en la cultura material, para un mayor conocimiemfo referente
estudio cultural. Una figura de terracota (alrededor del 500 DC) de la cultura Tolteca de México ha sido previameniggnoeiaiéat
"diagnosticada" con Sindrome de Down en base a la presencia o ausencia de rasgos faciales tipicamente asociados coltrisomia 21
propdsito de esta investigacion fue comprobar cuantitativamente la hipétesis de que esta figura de la cultura Toltecg@xhibe ra
faciales consistentes con Sindrome de Down. Se identificaron puntos de referencia similares (n = 24) segln sexo y engda(5-20 af
imagenes faciales de individuos con Sindrome de Down (n = 32), individuos euploides (n = 32) y de la figura Tolteca. ld®s puntos
referencia fueron sometidos a un andlisis morfométrico geométrico, y los resultados sugieren que la morfologia facied @eltada
es consistente con el Sindrome de Down.

PALABRAS CLAVE: Trisoma 21; Sindrome de Down; 3dMD; Distancia euclidiana; Matriz de analisis (EDMA); Analisis
principal de coordinadas.
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