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ABSTRACT 

The linguistic, cultural and biological uniqueness of the Basque population has long 

interested anthropologists. While craniometrics and genetic markers have been used to 

address Basque origins and affinities, few studies have focused on Basque dental 

odontometrics. A recent study of dental morphology shows Basques have a classic 

European dental pattern, yet they are an outlier when compared to other European 

populations.  To follow up on the study of crown and root morphology, mesiodistal (MD) 

and buccolingual (BL)  measurements were taken from Medieval and post Medieval 

skeletal samples from the Catedral de Santa María, Vitoria, País Vasco, Spain along with 

living samples of modern Basque, Spanish, and Spanish Basques collected from dental 

students at the Universidad del País Vasco. In accordance with genetic and dental 

morphology studies, Basques are odontometric outliers in a broader European context. 

Biodistance analyses show Basque populations group with linguistically and 

geographically different populations, such as the NP Lapps and the Ainu. The grouping 

of Basques with Western Eurasian outliers suggests population isolation rather than 

affinity. Adding evidence to the antiquity of the Basque population in the area of 

Northern Spain, genetic drift and founder effect are mechanisms that could have 

influenced Basque uniqueness. These mechanisms have worked to preserve many of the 

characteristics within historic and modern Basques that represent the ancient people who 

entered Europe during the Upper Paleolithic. Even with admixture between North 

Africans, Spanish, and Frankish immigrants, the Basque still portray a uniqueness that 

suggests ancient origins in Western Europe.   
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CHAPTER I 

BASQUE UNIQUENESS IN GEOGRAPHY, LANGUAGE, AND GENETICS 

Euskalherria, the Basque Country, sits in the southwestern corner of France and 

north central Spain. This region of lush, green valleys nestled between high mountains of 

the Pyrenees has been home to the Basque people for millennia. The seven provinces of 

the Basque country, three in France and four in Spain, have long been of interest to 

anthropologists.  Prehistoric sites, linguistic anomalies, and population isolation show 

how this region is important to understanding past European population histories. 

In the aftermath of the fascist suppression of the Basque language (Euskara), a 

revitalization movement increased the number of Basque speakers. With 660,000 

speakers in 1991 (Trask 1997), there were nearly 700,000 speakers combined in the 

French and Spanish provinces by turn of the millennium (Ruhlen 2000). Euskara 

represents not only a strong foundation for Basque identity, but also provides a way for 

anthropologists to better understand the uniqueness of this autochthonous population. 

Euskara has intrigued linguistic anthropologists due to its non Indo-European 

classification (Ruhlen 1991; Trask 1997). Trask (1997:35) states the Basque language “is 

not in the slightest related to any other living language.” Furthermore, Basque is “beyond 

dispute the sole surviving pre-Indo-European language of Western Europe.” The 

uniqueness of the Basque language is an important part of their cultural identity. Much of 

the association of “being Basque” revolves around speaking Basque (Bray 2004). The 

antiquity of Euskara prompted prehistoric archaeologists to link Paleolithic sites to this 
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culture to create a larger picture of Basque history and identity. 

 

 

Linguistic studies (Ruhlen 1991, 2000; Trask 1997) provide evidence showing 

Basques are very different from neighboring populations. It is this ancient timeline that 

provides a large piece of identity to Basques, through the veneration of past ancient and 

cherished myths.  

 Many modern Basques attribute the anomalous standing of their culture as a direct 

result of in situ evolution from 'Cro-Magnon' populations, first appearing at the close of 

the final glaciation of Europe at roughly 25,000 BC (Obermaier 1925). Archaeological 

evidence dating back to the Mesolithic provides some support for this claim. The 

Mesolithic in Spain is broken into two time periods: Aziliense (approximately 12,000 

BP) and Asturiense (approximately 9500 BP) (Altuna 2008; Eiroa 2009). A cave site, 

Fig.1.1. The Basque country. Taken from Woodworth 2008:xxx. 
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Urtiaga, contained two crania dated to this first Mesolithic time period. These individuals 

could be considered the ‘Pyrenean type.’ For a number of characteristics, they fall in line 

with present-day Basque cranial measurements and morphological traits (Altuna 2008). 

These similarities might reflect local evolution from Upper Paleolithic populations.  

Lumentxa, a cavern site dating to the Neolithic (approximately 7,500-2,000 BC), 

contained remains that “scarcely differ at all from the average Basque of today” (Altuna 

2008:148; Obermaier 1925). As populations grew and landscape use intensified through 

the Eneolithic, remains were left in the low valleys and elevated dolmens, single chamber 

megalithic tombs. The sites were thought to be used by past populations to herd animal 

across the landscape, much like Basques of today. 

Studying crania from many Eneolithic (approximately 1,200 BC) sites, Víctor 

Jacques created the “Western Pyrenean Race” characterized by: a mesocephalic skull, 

bulging temples, sunken occipital orifice, slightly reduced chins, etc. (Altuna 2008:155). 

Along with the classification of the Pyrenean type, two other typologies were created for 

Eneolithic Spain: Cantabrian (brachycephalic) and Catalonian (acrocephalic, the cranium 

extending sagittally). These differences show the start of geographic variation and 

population isolation in Iberia.  

Evidence from the Bronze (approximately 2,500 BC) and Iron Ages 

(approximately 2,000 BC), along with Roman written records (approximately 200 BC), 

indicate the Basque population has long been settled in the Pyrenees (Obermaier 1925). 

Longevity of the Basque population and culture not only provides ample evidence for 

their anomalous status, but demonstrates the importance of prehistory in constructing 
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Basque identity. The Basques have great pride in being one of, if not the, oldest 

populations in Western Europe.  

Crania, Blood Groups, mtDNA, and Y chromosome Analyses 

Skeletal evidence 

The biological standing of the Basque population can be viewed through skeletal 

morphology, blood groups, and DNA analyses. These studies help answer many of the 

questions surrounding this population.  

Prehistoric studies of human remains contributed to the classification of a 

“Western Pyrenean Race” in the late 1800’s and early 1900’s (Altuna 2008). This profile 

of morphological characteristics was observed until the end of the Bronze Age. It was 

during the Bronze and Iron Ages that northern Spain became more genetically 

heterogeneous. The expansion of pasturelands by Basque shepherds and the northern 

movements of Iberian people added to the differences in the archaeological record of the 

region.  Though this increased movement of people in and out of the area did not vastly 

affect skeletal morphology, there is evidence for Basque-non Basque admixture 

(MacClancy 2007).  

The use of typology in physical anthropology was largely abandoned after the 

modern synthesis of evolution in the 1940s. When Basque morphology is viewed on a 

scale, rather than as a ‘type’, graded differences are evident between the Basques and 

surrounding populations (MacClancy 2007). Even with increased scientific precision and 
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accuracy in craniometrics, there is still no definite answer regarding the question of 

Basque origins using these data.  

Traditional Genetic Markers 

In the mid 20th century, many studies focused on the blood groups of Basques to 

determine how they fit in the broader sphere of European populations (Chalmers et al. 

1948; van der Heide et al. 1952; Alberdi et al. 1957). Chalmers and colleagues (1948) 

studied the blood groups of 383 “racially pure” Basques from the French Basque 

Country. For ABO blood groups, they found Basques had high phenotype frequencies of 

type O (51.17%), intermediate phenotype frequencies of type A (37.34%), and extremely 

low phenotype frequencies of type B (6.27%). Blood group O consistently shows rates 

exceeding 50% for Basque populations while other European populations rarely exceed 

50%. The extremely low frequencies of the B allele are also unique, as Basques have one 

of the lowest frequencies in Europe (Chalmers et al. 1948). In fact, if one was to examine 

the frequency of blood type B in Europe and Asia, a distinct pattern would be seen. Type 

B is found to be at a rate of less than 5 percent in Spain and steadily increases with a 

movement east. Moving away from Spain, France has a rate of type B around 5%, 

Germany 10%, Western Russia 15%, the border of Europe and Asia 20%, and central 

Asia 25-30% (Boyd 1955).  

Adding to the distinct aspects of ABO variation, Basques express record high 

frequencies of the Rhesus negative (Rh-) phenotype and corresponding 'r' allele (rr 

genotype = Rh- phenotype). Rh- blood types present problems when mothers and 

neonates express different genotypes, i.e. the mother is Rh-  (rr) and the neonate is Rh+ 
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(RR or Rr), resulting in sensitivation for the first birth and termination of the pregnancy 

or death of the infant after subsequent births. With such drastic results, it would be 

expected the Rh- mothers would have lower reproductive fitness and this gene would 

slowly be replaced by Rh+.   Although all Europeans have a high frequency of the 'r' 

allele, Basques consistently have the highest frequency of 'r' in Europe (MacClancy 1991; 

Cavalli-Sforza 2000).  

 

 

It is hypothesized (Chalmers et al. 1948, Boyd 1955, Cavalli-Sforza et al. 1994) 

that the first wave of farmers into Western Europe during the Neolithic could have had 

high rates of Rh-, avoiding Rhesus disease, and low frequencies of type B blood. The 

Basques represent a possible extant population reflecting either an Upper Paleolithic or 

very early Neolithic expansion through Western Europe.  

Investigating global human genetic variation, Cavalli-Sforza and colleagues 

(1994) examined global patterns using synthetic geographic maps. Synthetic geographical 

maps were made using principal components to reflect genetic variation within the 

continent. The fourth and fifth synthetic maps represent 7% and 5.3% of the total 

Fig.1.2. Chart showing population blood group frequencies. Taken 
from Cavalli-Sforza 2000:15. 
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variation, respectively (Fig. 1.3 and Fig.1. 4). These two maps show the uniqueness of the 

Basques in the broader context of Western Eurasia. They both show similarities between 

the Basques in Iberia and populations within the Caucasus (Cavalli-Sforza et al. 1994). 

These two maps connect two populations on opposite sides of the European continent, 

suggesting this connection “may be [a] relic of the pre-Neolithic background” (Cavalli-

Sforza et al. 1994: 295). Supporting the idea of population continuity of the Basques 

since pre-Neolithic times, it is noteworthy that this population is located within a 

mountainous region, which could have promoted more endogamous cultural practices 

and kept the amount of gene flow to a minimum, making extant populations proper 

proxies for studies. 

.

 

Fig.1. 3. Synthetic geographic 
map representing the fourth 
principal component of genetic 
variation in Europe. Cavalli-
Sforza et al. 1994: 293. 

Fig.1. 4. Synthetic geographic 
map representing the fifth 
principal component of genetic 
variation in Europe. Cavalli-
Sforza et al. 1994: 294. 
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Mitochondrial DNA  

With major advances in human genetics, especially the use of mitochondrial DNA 

(mtDNA) and Y chromosome haplogroups, researchers have applied new techniques to 

address the  question of Basque biological uniqueness.  mtDNA mutations are also used 

to construct timelines for population divergence. The mtDNA haplogroups V and J are 

the most critical for evaluating Basque isolation and gene flow during the last few 

millennia (Alzualde et al. 2005). Samples from Basque Country have low frequencies of 

haplogroup V, which contrasts with the high frequencies normally found throughout 

southwestern Europe. Temporal variation among maternal lineages was expanded by 

Alzualde and colleagues (2005) through the examination of different haplotypes, specific 

DNA mutations. They found different haplotype H frequencies between 6th and 7th 

century Basque samples and present day Basques, representing a possible post-Neolithic 

restructuring of Basque populations between 5,000 and 1,500 years before present (YBP). 

Further mtDNA analysis of these historic samples (Alzualde et al. 2006) showed 

admixture with North African populations, a century before the Arab conquest of the 

peninsula. These findings provide evidence of admixture despite distinct linguistic 

boundaries, though this restructuring occurred in historic rather than prehistoric times.  

Martinez-Cruz and colleagues (2012) critiqued some of the earlier studies as not 

fully exploring geographic and population context surrounding the Basques. To address 

this problem, they analyzed uniparentally (mtDNA and Y chromosome) inherited genetic 

markers. They examined ~900 individuals from the Basque Country and its surrounding 
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areas, where Basque could have been spoken in the past. Results showed a similar pattern 

to many other genetic studies, as the Basques fall within the norm for surrounding 

Western European populations, yet differ slightly in gene frequencies. Comparing Iberian 

and French populations to the Basque samples and surrounding populations, the Basque 

group with these geographically similar populations. Martinez-Cruz and colleagues 

(2012: 2218) came to the conclusion that other “geographically and ethnically separated 

Western European populations might exhibit [a] genetic composition similar to the 

Basques.” Concurring with Alzualde and colleagues (2005), it was also suggested that a 

population restructuring took place during the Bronze Age (Martinez-Cruz et al. 2012).  

Y chromosome haplogroups 

Examining Y chromosome diversity, Alonso and colleagues (2005) put Basque 

variation into a broader Western European context. Their samples showed very little 

diversity. Compared to other Western European samples, the Basques showed the lowest 

levels of Y chromosome diversity. They also delved into haplogroup types to examine the 

amount of time the Basque Y chromosome has been evolving in the region. Their 

analysis showed “low effective size is not the result of recent founder’s effect” but 

instead shows that “Basques originated and have been evolving [in this region] since Pre-

Neolithic times” (Alonso et al. 2005:1300). 

Hurles and colleagues (1999) focused on Y chromosome lineages by examining 

haplogroup 22. This haplogroup is rare in all world populations, but shows the highest 

frequencies in the Iberian Peninsula. At 22% and 11%, respectively, the Catalans and 

Basques have the highest frequencies worldwide. Two possible scenarios can explain this 
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shared rare mutation: (1) there was direct gene flow between these two groups, or (2) a 

third, yet to be sampled, group moved into Iberia and mated with both groups (Hurles et 

al. 1999).  In either case, these hypotheses show that linguistic and, to a degree, 

geographic isolation has not kept the Basques from admixing with neighboring 

populations. Yet, there are no population-specific alleles or haplotypes for Basques or 

Catalans. In fact, genetic distances mapped from mtDNA show the Basques to be the 

farthest from Catalan populations. This contrast between biodistances suggested by 

mtDNA and Y chromosomes could indicate male-mediated gene flow between these two 

linguistically distinct Iberian populations (Hurles et al. 1999). 

Despite relative isolation and genetic distinctness, Y chromosome and mtDNA 

data show Basques have admixed to some extent with other Iberian and possibly North 

African populations. While Basques are an autochthonous population in Iberia with 

considerable time depth, their isolation has not been complete.  

Dental Studies of the Basque 

Basques have been characterized for skeletal traits (Arazandi and Barandiarán 

1948; de Aranazadi et al. 1931; de la Rúa 1995) and genetic markers (Alzualde et al. 

2005, 2006; Alonso et al. 2005; Cavalli-Sforza 2000; Chalmers et al. 1948; Hurles et al. 

1999), but little was known about Basque dental variation. Scott and colleagues (2013) 

examined skeletal and extant Basque and Spanish populations to determine if Basques 

exhibited dental crown and root morphology that was similar to or distinct from other 

European populations.   
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 As sexual dimorphism is not expressed in crown traits, males and females were 

combined to characterize Modern and Historic samples, dating from the 11th to 20th 

centuries (Scott et al. 2013). European populations tend to exhibit morphologically 

simple teeth where trait absence is more common than trait presence.  Basque teeth are no 

exception to this characterization. Results show Basque samples, both historic and living, 

have high rates of hypocone and hypoconulid reduction on UM2 and LM2, respectively. 

The historic Santa María sample showed an extremely high frequency of double rooted 

lower canines, a classic European trait. Comparing historic and modern samples to 

published world populations (Scott and Turner 1997) using Nei’s genetic distance, a 

dendrogram was created (Scott et al. 2013). While no single dental trait sets Basques 

apart from other Europeans, biodistance shows they are still outliers. These results concur 

with Basque genetic studies, where the samples align with Western European populations 

but often fall outside the 95% confidence limits for mean European gene frequencies 

(Roychoudhury and Nei 1988).  For dental morphology, this pattern held for both extant 

and historic samples. Living Basques show an outlier status for seven of the nine crown 

traits, while historic samples fall outside the 95% confidence rates for eight of fifteen 

traits (Scott et al. 2013).  

Examining Basque Variation using Dental Metrics 

 Basque origins have been analyzed using multiple methods, but dental metrics has 

never been used to address their population affinity. Medieval, Post Medieval, and 

modern Basque samples along with Modern Spanish and Spanish-Basque samples were 

examined for temporal and population variation within Spain. These samples were next 
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compared to Western Eurasian and worldwide populations to view Basque affinity on a 

broader geographical scale. If preceding studies are any indicator, it is expected that 

Basques show patterns similar to those of the other Western Eurasian groups, with slight 

differences reflecting the longevity of this population and their relative geographic 

isolation.  
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CHAPTER II 

AN INTRODUCTION TO ODONTOMETRICS 

Dental metrics has a long history of use in physical anthropology. Using a variety 

of methods over the past 150 years, physical anthropologists have used tooth size (TS) to 

address many anthropological questions in the study of living and past populations. 

Biodistance analyses, understanding secular trends, and forensic bite mark analysis are 

only a few of the many ways in which dental metrics can help identify and/or understand 

individuals and populations.  

In odontometrics, the two most widely used measurements are mesiodistal (MD) 

and buccolingual (BL) diameters. Though most dental anthropologists agree these are the 

most important measurements, researchers define MD and BL diameters in different 

ways.  It took much debate and deliberation to come to a standardized definition of these 

two variables. Many argue for the use of maximum measurements (i.e. Nelson 1938; 

Moorrees and Reed 1954; Tobias 1967) while others argue for minimum measurements 

(i.e. Lavelle 1972). Not only is there a disagreement between which form of MD or BL to 

use, the vocabulary surrounding these measurements involved varying terms. Both MD 

and BL, measurements have been interchangeable with the words ‘length’ or ‘diameter’ 

depending on which author is cited, as well as MD separately being defined as ‘width’ 

and BL as ‘thickness’ (Kieser 1990).  

 Goose (1963:127) defined MD as the “measurement [that] should be taken 

between the contact points in normal occlusion, [or] where they would have been” when 
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measuring a maloccluded dentition. BL is “to be taken at the right angle to the MD, 

without regard for the position of the crown.” This definition has been adopted in many 

odontometric studies (i.e. Moss and Chase 1966; Goose 1967; Moss et al. 1967; Barnes 

1969; Hinton et al. 1980; Jacobson 1982).  

 

 

 Tobias (1967:145) created a more concise definition for MD and BL diameters. 

MD diameter was defined “as the distance between two parallel lines perpendicular to 

mesiodistal axial plane of the tooth.” He added that MD measurements should be “taken 

tangential to the mesial and most distal point of the crown, along a line parallel to the 

occlusal plane.” This clarification allowed observers to understand that the termini, or 

final points of a tooth, need not directly correspond to the interstitial contact points. For 

the definition of BL diameter, Tobias (1967:145) described it as “the greatest distance 

Fig. 2.1. Buccolingual (vertical line) and mesiodistal (horizontal 
line) diameters as displayed by Goose (1963:128).  
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between the buccal and lingual surfaces of the tooth crowns with the arms of the calipers 

held parallel to mesiodistal axial plane of the tooth and tangential to the buccal and 

lingual surfaces.” He added that the points of the calipers do not have to lie on the same 

buccolingual plane. Although the Goose (1963) definition of tooth diameters was 

followed in many studies, it was the Tobias (1967) definition(s) that gave anthropologists 

a clearer picture on how and where to measure tooth crowns. 

 Once MD and BL measurements were operationally defined, the field of 

odontometrics used MD and BL measurements together to arrive at composite values. 

These measurements were also useful in showing differences and similarities of TS 

between groups as well as between tooth classes. Crown area, the product of MD and BL, 

is one of the most commonly used composite measurements. Though teeth are not a 

perfect rectangle, crown area provides an accurate representation for comparative 

purposes (Kieser 1990). Other composite measurements include crown module, half the 

sum of MD and BL, and crown index, a rough measure of the crown form proposed by 

Tobias (1967). C. Loring Brace (1980), one of the most widely recognized and cited 

odontometricians, introduced the composite measurement of summary TS where TS= ∑ 

(MDx/BL)/Nj. It is through the measurements of MD and BL diameters and their 

associated composite scores that the methodological approaches to odontometrics 

emerged during the last century.   

Anthropological Applications of Dental Metrics 

 By the 1950’s, odontometrics was widely used in anthropological studies. 

Moorrees (1957) studied Aleut dentitions and compared their tooth dimensions to 
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published sources. He concluded that: (1) modern humans display sexual dimorphism in 

TS; (2) TS and sample variances observed in the data supported the concept of 

morphogenetic fields (Butler 1939); and (3) there was no selective reduction in the 

maxillary lateral incisors in European populations. Focusing on measurement error, 

Hunter (1960) suggested how dental metrics could be improved. He suggested that a shift 

from compasses to sliding calipers would increase precision within and between 

measurements on the left and right sides of the dentition (i.e. antimeres). He also 

recommended measuring only one side of the dental arcade. Observers could substitute 

an antimere when presented with a missing tooth, maximizing sample size and statistical 

reliability. Hunter (1960) also felt measurements should be taken from plaster casts rather 

than intraorally. Plaster casts would allow dental anthropologists to create collections of 

specific populations, which could be reexamined by multiple researchers.  

From the 1970’s to the present day, there has been an increase in using composite 

measurements in dental metrics to address anthropological problems. Some researchers 

have focused on examining individual cusp size to determine overall TS (Corrucini 1978, 

1979). In similar fashion, Biggerstaff (1969a, 1969b, 1975) studied crown components ─ 

inter-cuspal distance and basal cusp area ─ from photographs of the occlusal surface.  

With the technological advances in the 1980s and 1990s, researchers developed 

new methods to study tooth size. For example, Hartman (1989) used coordinate analysis 

to study molar size of hominids. Harris (2008) used multivariate methods to examine 

differences in tooth size between groups. Suwa et al. (1995) used a planimeter ─ an 
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analog device that generates the 2D area of a form when manually scribed ─ to measure 

the basal cusps areas from photographs of the occlusal surface.  

In recent years, advances in digital technology applied to dental metric research 

increased with the addition of geometric morphometrics (GM). GM uses landmark and 

semi-landmark points on a tooth as well as the dental arcade to create a 3D representation 

of the mandible or maxilla (Rizk et al. 2013). This method has been applied to many 

anthropological projects, from primate dental variation (Rizk et al. 2013) to bitemark 

analysis (Kieser 2007). Although crown wear remains an issue, GM will have a major 

impact on how dental metrics can be used to address anthropological problems.  

Along with technological advances, Hillson (2005) re-popularized an old method 

for measuring teeth. MD diameters can be difficult to take due to the close proximity of 

adjacent teeth. When wear and pathology are introduced, traditional methods are 

complicated even more. Hillson (2005) focused on loose teeth and measured MD and BL 

diameters from landmarks on the cement-enamel junction (CEJ) rather than the greatest 

diameters of the tooth crowns. To obtain these measurements, he developed new calipers 

with points that fit along the CEJ. This approach has the potential to solve many of the 

problems that have plagued traditional methods. CEJ methods can measure teeth that 

have up to Stage 3 attrition (Smith 1984). This allows previous “too worn to be 

measured” populations to be reexamined and added to existing data sets (Hillson 

2005:415). Though this new method would greatly increase sample size, at present there 

is relatively little comparative data on CEJ diameters.   
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Problems in Odontometrics 

 Problems in dental metrics range from bad dental casts to high levels of dental 

attrition. Such problems must be addressed by each dental anthropologist; they must 

consult the literature and find the best method to resolve these issues.  

Plaster casts can be an odontometricians greatest ally. Modern alginates are 

excellent in creating a precise and accurate representation of the dentition (Kieser 1990). 

While techniques for taking dental impressions have greatly improved, various factors 

must be taken in account to create the best replica possible. Attention to syneresis, 

shrinkage due to water loss, and imbition, expansion due to water absorption, are two 

factors that can be controlled when making impressions. Proper tray filling technique, 

accounting for bubbles in the plaster, and pouring the casts at the best possible time 

should be considered so that measurements on dental casts are a highly accurate depiction 

of actual tooth size (Kieser 1990).  

Dental pathologies can complicate dental measurements, especially large carious 

lesions. With the introduction of agriculture, the increased reliance on carbohydrates led 

to a cariogenic oral environment and an associated increase in dental caries (Hillson 

1996). Depending on where the cavity is located on the tooth, it can affect odontometrics 

in different ways. Lingual or buccal carries preclude the measurement of BL diameters. 

Occlusal caries can impact the crown area in all directions, making it impossible to 

measure either MD or BL diameters. In addition to altering measurements, cariogenic 

dentitions often have high antemortem tooth loss (AMTL), reducing the number of teeth 

present. If a tooth exhibits a pathology that precludes accurate measurement, it should not 
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be measured (Buikstra and Ubelaker 1994).  Unfortunately, if caries are common in a 

sample, the impact on sample size can be profound.  

Carbohydrates and associated caries create a problem for the dental 

odontometrician, but so do high protein diets. For individuals living on high protein diets, 

caries are less common but dental calculus is often more pronounced. Dental calculus, or 

tartar, is an accumulation of plaque that has permineralized on the dentition during life 

(Scott and Poulson 2012). This hardened plaque attaches on the buccal and lingual sides 

of a tooth and, without removal, impedes dental measurements, notably BL diameters 

(Kieser 1990).  Like caries, when calculus is common in a population, it has an impact on 

sample size for dental metric studies.  

Attrition, the wear of the occlusal surface due to mastication or cultural practice, 

is one of the most problematic issues when examining dental metrics. Though modern 

groups show significantly less tooth wear than earlier populations, bruxism (grinding 

teeth at night) or cultural practices can produce types of wear that obscure dental 

measurements. When examining dental attrition there are two main types, occlusal and 

interproximal wear. They occur separately or in combination in one individual (Kieser 

1990; Buikstra and Ubelaker 1994). Interproximal attrition decreases the interproximal 

contact areas between teeth, thus shortening MD diameters (van Reenen 1964). Due to 

the loss of dental diameters, many authors use only unworn teeth for odontometric studies 

(Kieser 1990). Though this approach seems ideal, it severely reduces sample sizes and 

limits the populations that could be studied.  
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In odontometric research, measurement error is a significant issue. Close attention 

to precision and accuracy reduces these problems within and between observers, but 

errors can still occur. In addressing observer error, Harris (2008:39) notes the effects of 

error are lessened if error is: “(1) random rather than systematic, and (2) appreciably 

smaller than the inter-group differences claimed to be of biological importance.” He 

notes that systematic errors can occur when a researcher drops their calipers or gets 

fatigued, although these issues are less problematic with an increase in observer practice 

and attention.   

How to Account for the Redundancy of Tooth Diameters 

 Studies show all dental measurements are strongly correlated with each other 

(Garn 1966), especially within morphogenetic fields (Butler 1939; Dahlberg 1949). Garn 

and colleagues (1966) studied the genetic correlation of MD and BL diameters in 

expressing overall tooth size. They observed Ohio born subjects, all of Western European 

descent, to determine the correlation of these two variables for 14 teeth, I1 through M2, 

for one side of both the maxilla and the mandible. The measurements showed a strong 

correlation for these diameters, with approximately 26% of MD and BL variance 

controlled by common factors (Garn 1966). This study also showed a weaker correlation 

between the anterior dentition, specifically lateral incisors and canines, than posterior 

teeth. The high variation in correlations among anterior tooth dimensions is further 

supported by studies on the general trend of reduction in the anterior teeth through 

hominid evolution (Bailit 1968; Brace 1978, 1980, 2000). 
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Correlations between 64 odontometric variables (i.e., 32 teeth, BL and MD 

diameters) are all positive and significant (Moorrees and Reed 1964; Henderson and 

Greene 1975; Yuen et al. 1996). Given that, comparing tooth size measurements between 

two or more groups one at a time introduces a high level of redundancy into an analysis.  

For this reason, some researchers became disenchanted with tooth diameters as a method 

for discriminating between human groups.  

To overcome issues of data redundancy, an odontometrician can use a principal 

component analysis (PCA) to extract compound variables that represent much of the 

shared variation. Overall, PCA is a “data reduction procedure” (Harris 1997:2). Three 

major benefits of using a PCA in the study of human tooth size variation include: (1) 

turning data on intercorrelated variables into compound variables; (2) extracting the 

major developmental fields controlling tooth size; and (3) providing statistically 

independent measures for between group comparisons (Harris 1997). PCA does not 

eliminate the effects of size; which makes it a useful technique for analyzing population 

differences in tooth size. To examine odontometric data without size redundancy, a 

multiple linear regression analysis should be used (Harris 1997). 

Harris (1997) examined many of the statistical applications that remove positive 

correlations of tooth measurements and focused on discriminating factors that are 

statistically significant. Harris and Bailit (1988) found the four main principal 

components of tooth size are: (1) overall size; (2) buccolingual vs. mesiodistal 

measurements; (3) anterior teeth vs. posterior teeth; and (4) premolars vs. molars. 
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Focusing on these four components, an anthropologist can compare tooth size data 

between populations and minimize the issue of intertrait correlation. 

 On top of PCA, Harris (1997) expands the multiple linear regression to include 

two more variables to get a better understanding of crown area: ∑(MDxBL), ∑MD, and 

∑BL (1997). These three variables better express total tooth size. Finally, Harris (1997:4) 

discusses the analysis of residuals, which are “the amount [that] a group’s PC score is 

above or below the amount predicted from size of the dentition.” This method can 

distinguish sexual dimorphism, ancestry, or temporal sequences in a population.  

Genetic Heritability of Tooth Size 

  Dental metrics have long been used to assess differences between groups through 

time and space. To explore the reliability of information provided by tooth size, an 

understanding of their heritability must be explored. Multiple studies have addressed the 

genetics of tooth size and have shown that odontometric measurements have a strong 

underlying genetic basis (Garn 1965; Goose 1971; Horowitz 1958; Lundström 1966; 

Osborne 1958; Potter 1978; Townsend 2013).   

Genetic heritability (h2) is expressed in decimal form, ranging from 0, no genetic 

component, to 1, complete genetic control. Twins offer a great genetic control, as 

monozygotic twins have a heritability value of 1.0 and dizygotic twins 0.5; they have 

similar environmental experiences, and for the most part had identical uterine 

environments (Potter et al. 1978). Lundström (1948a) studied monozygotic twins and 

found high genetic heritability in tooth size. Ranging from 0.67 to 0.87, depending on 
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tooth and jaw, this study showed much of the variation in tooth size is attributable to the 

additive component of genetic variance. Alvesalo and Tigerstedt (1974) supported these 

findings, as their overall h2 mean, for all teeth in both jaws, was 0.78. Family and sibling 

studies have also been conducted and find a high h2 mean for tooth size at 0.64 

(Townsend and Brown 1978). These studies show that though there is non-genetic 

variation, much of the variation seen in tooth size is represents underlying genetic 

differences.  

Excluding Third Molars in Dental Metrics 

 Third molars are often excluded from odontometric analyses for various reasons. 

High frequencies of variation can be explained through genetic, field and clone theories, 

and non-genetic, environmental stress factors. Furthermore, high rates of agenesis and 

fluctuating asymmetry support the exclusion of third molars from dental metric studies if 

the focus is on genetic variation.   

 Variation in the crown diameters of third molars creates problems in dental metric 

studies. Butler’s (1939) field theory states that each tooth type is controlled by three 

fields, or morphogens: incisor, canine, and molar. Each of these fields has a polar tooth, 

around which genetic stability is centered. Tooth germs closer to the polar tooth are more 

genetically controlled while more distal teeth show stronger environmental influences on 

development, including impaction and misalignment. First molars are the polar tooth for 

the molar field and are the most stable from the standpoint of both genetics and evolution.  

Third molars have less stability when forming, as they are last to develop, resulting in 

increased variance of third molar crown diameters (Lombardi 1978). 
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 Clone theory, as proposed by Osborn (1978), explained third molar variation 

differently. Clone theory suggests the dental papilla, which eventually forms the dentine, 

develop as clones of the mesenchymal cells. This process begins with the first and second 

deciduous molars forming, and ends with the formation of the first, second, and third 

permanent molars. This series of division, with third molars last, allows more divisions 

resulting in higher rates of variability for the last formed tooth. Whether Butler (1939) or 

Osborn (1978) are correct, both theories involve high rates of third molar variability and 

support their exclusion from dental metric studies.  

 Non-genetic factors, such as environmental stress, can alter phenotypic expression 

in tooth size. Fluctuating asymmetry (FA) is defined as “small random deviations from 

perfect symmetry in otherwise bilaterally symmetrical traits” (Coster et al. 2013:1).  

Among Japanese children, DiBennardo (1973) found an inverse relationship between 

socio-economic status and dental asymmetry. Perzigian (1977) found the more distal 

teeth are more susceptible to asymmetry than their mesial neighbors. Distal teeth have a 

“greater environmental component to their variation” (Perzigian 1977:86). It is this 

variation, through environmental changes, that can either focus a study on the changes 

seen in third molar asymmetry or allow third molars to be completely excluded as a poor 

representation of underlying genetics.  

 Agenesis, the absence of a tooth, is quite common in human dentition. While it is 

rare for the entire dentition to be missing (anodontia), one or a few teeth missing 

(hypodontia) is more frequent. The most common missing tooth is the third molar, with 

frequencies ranging from “almost none, to one-third or more of a population” although 
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the “absence of other teeth rarely reaches frequencies of more than a few percent” 

(Hillson 1996:113). This lack of third molars can create sample sizes too small to run 

statistical analyses.  

Finally, temporal comparisons are a valid reason for excluding third molars in 

odontometric analyses. Modern populations have high rates of ‘wisdom teeth’ 

extractions. A study which focused on 81 university students, following them from the 

age of 20 to 32, showed 59% underwent third molar extraction (Ventä et al. 2000). This 

high prevalence of extraction significantly decreases sample size for modern populations, 

making comparisons difficult. In sum, high rates of agenesis, greatest variance, and 

extractions in modern samples are major factors as to why third molars are usually 

excluded in tooth size studies. 
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CHAPTER III 

MATERIALS 

Basque and Spanish Samples 

The skeletal remains examined in this study were collected from the Catedral de 

Santa María in Vitoria-Gazteiz, the capital of Alava province. Restorations were initiated 

at the cathedral in 1994, leading to the exhumation of over 2000 individuals interred 

inside and outside of the cathedral.  During the renovation, G.R. Scott was allowed access 

to human remains in 2006 and 2008 to record morphological and odontometric data, 

along with oral pathologies. In 2005, Scott made observations on the size and 

morphology of living Basques at Universidad del País Vasco in Bilbao.   Data from these 

two projects have been used by multiple authors to describe Basque dental morphology 

(Scott et al. 2013), oral health (Hopkinson 2009), craniometry (Janzen 2011), dental 

chipping (Scott and Winn 2010), and teeth stained green by bronze coins (Hopkinson et 

al. 2009).  This odontometric analysis provides one 

more piece to the larger puzzle of Basque oral 

biology.  

Odontometric measurements were taken on 

453 individuals, collected by G.R. Scott, of both 

sexes covering three time periods: Medieval (1100-

1350), Post Medieval (1400-1850), and Modern. 

Individuals were assigned to a specific temporal 

period based on the section in which they were  
Fig. 3.1. Catedral of Santa María 
excavation sectors. 
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Buried;  medieval burials were located outside the church while and post medieval 

burials were located inside. The Medieval time period, represented by remains from 

section 17 (Fig. 3.1), contained 93 individuals. The Post Medieval period sample, 

represented by the remaining sections, consists of 216 individuals. The Modern sample 

consisted of a total of 144 individuals identified as Spanish, Spanish-Basque, or Basque 

based on family surnames going back two generations. For a complete representation of 

sample sizes by sex and location, refer to Table 3.1.        

Individuals who had less than two measurements (either BL or MD diameters) 

were omitted from the analysis. This process reduced sample size, but there were still 

adequate numbers of individuals for statistical analyses. The Modern sample, comprised 

primarily of dental students, had an inordinately large number of females (in line with 

dental student enrollments).  While the female samples are substantial, the three living 

male samples are relatively small.     

 Table 3.1. Male and Female Individuals by Section (Fig. 3.1) 

 Time Period Church Section Male (n) Female (n) 

 Medieval     
(1100-1350) 
 
Post Medieval 
(1400-1850) 
 
 
 
 
Modern  
(2005) 
         
 

17 
 
 
11 
12 
15-21 
22 
29 
 
Spanish 
Spanish-Basque 
Basque 

65 
 
 
7 
15 
18 
28 
22 
 
8 
13 
8 

28 
 
 
11 
8 
24 
46 
37 
 
48 
39 
28 
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Comparative Samples 

 Eighty-two comparative samples were collected from published sources for 

comparison with the Basque and Spanish samples (Table 3.2). These samples cover 

multiple temporal periods and geographic areas. As human populations consistently show 

a sex dimorphism in tooth size, samples were divided by sex.  

Table 3.2. World Populations displayed by region.                         
Populations Region Source 
Iceland Western Eurasia Axelsson and Kirveskari 1983 
Caucasus  Kieser et al.1985 
Medieval Norwegians  Beyer-Olsen and Alexandersen 

1995 
Cambira   Galera and Cunha 1993 
Modern Greek  Zorba et al. 2011 
Rural Ancient Greek   Henneberg 2011 
Urban Ancient Greek  Henneberg 2011 
Skolt Lapps  Kirveskari 1977 
NP Lapp  Kirveskari 1977 
British  Lavelle 1968 
Modern White  Axelsson and Kirveskari 1983 
English  Lavelle 1968 
Anglo-Saxon  Lavelle 1968 
Tristan da Cunha  Thomsen 1955 
North Finland  Kirveskari et al. 1977 
Finland  Alvesalo 1985 
South African Whites  Kieser et al. 1985e 
Medieval Basque  Present study 
Post Medieval Basque  Present study 
Modern Basque  Present study 
Modern Spanish-Basque  Present study 
Modern Spanish  Present study 
Jewish Cochini  Rosenzweig and Zilberman 1967 
Circassian (Israel)  Koyoumdjisky-Kaye et al. 1977 
Bedouin  Rosenzweig and Zilberman 1969 
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Druse  Koyoumdjisky-Kaye et al. 1977 
Pashtun 
 

 Sakai et al. 1971 

Cahokia Mound 72 Sino America Thompson 2013 
Canadian Eskimo (Igloolik)  Mayhall 1979 
Canadian Eskimo (HB)  Mayhall 1979 
Aleut  Moorrees 1957 
Glacial Kane  Sciulli 1979 
Adena  Sciulli 1979 
St. Lawrence Island Eskimo   Scott and Gillispie 2002 
Highland Beach  Iscan 1989 
Tennessee (M)  Hinton et al. 1980 
Tennessee (W)  Hinton et al. 1980 
Tennessee (A)  Hinton et al. 1980 
Hopewell  Sciulli 1979 
Indian Knoll  Perzigian 1976 
Ticuna  Harris and Nweeia 1980b 
East Greenland Eskimo  Pedersen 1949 
Kansas Schultz Mound  Phenice 1969 
Pecos  Nelson 1938 
Lengua  Kieser et al. 1985e 
Fukuoka  Brace and Nagai 1976 
Kyoto  Brace and Nagai 1976 
Chinese Bronze  Brace 1976 
Korean  Brace and Nagai 1976 
Yayoi  Brace and Nagai 1982 
Xi Shang Neolithic  Brace, Shao, Zhang 1984 
Tibet  Sharma 1983 
Ainu  Brace and Nagai 1982 
Jomon  Brace and Nagai 1982 
Yunnan  Brace 1984 
Shanghai 
 

 Brace 1984 

Walbiri, Australia Sahul Pacific Barrett et al. 1963,64 / Brace 1980 
Western Australia  Freedman and Lofgren 1981 
Australian Aborigine  Campbell 1925 
Broadbeach  Smith et al. 1981 
Bougainville (Solomon 
Islands) 

 
 

Bailit et al. 1968 

Philippines Sunda Pacific Potter et al. 1981 
Cook Island, NS Group  Yamada et al. 1988 
Cook Island, S Group  Yamada et al. 1988 
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Cook Island, Pukapuka  Yamada et al. 1988 
Cook Island, Rarotonga  Yamada et al. 1988 
Cook Island, Mangaia  Yamada et al. 1988 
Tajik Sunda Pacific Sakai et al. 1971 
Java  Brace 1980 
India (Chalcolithic)  Lukacs 1985 
India  Prabhu and Acharya 2011 
Thai   Brace 1976 
Javanese Bronze  Brace 1976 
Thai Bronze  Brace 1976 
Yang Shao Neolithic  Brace, Shao, Zhang 1984 
India  Walimbe 1985 
South-East Java 
 

 Taverne 1980 

Teso Sub Saharan 
Africa 

Barnes 1969 

Griqua   Kieser 1985 
South African Black, 
Contemp. 

 Kieser et al. 1987 

South African   Jacobsen 1982 
South African Black  Kieser and Cameron 1987 
Southern African  van Reenan 1982 
San  van Reenan 1982 
San  Drennan 1929 
Bantu  Shaw 1931 
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METHODS 

Determination of Sex 

 Sex was determined by G.R. Scott based on skull and pelvic morphology. The 

skull was scored using five features: (1) nuchal crest, (2) mastoid process, (3) brow 

ridges, (4) external occipital protuberance, and (5) mental eminence (chin). These 

selected features were scored from one (minimum expression) to five (maximum 

expression) according to the standards in Buikstra and Ubelaker (1994). Skull features 

were augmented, when possible, through post cranial remains. Innominates were 

examined and scored for four features: (1) the face of the pubic symphysis; (2) the angle 

of the pubic bone at the front of the girdle; (3) width of the sciatic notch; and (4) the 

depth and width of the pre-auricular surface. All scores were recorded according to the 

standards set forth by Buikstra and Ubelaker (1994). As dental casts are of living 

populations, sex was recorded at the time dental impressions were made.   

Dental Metrics   

 Odontometric measurements were taken using maximum distances as suggested 

by Moorrees (1957). This method takes mesiodistal measurements as the maximum width 

of the occlusal surface along the mesiodistal plane. Buccolingual measurements are the 

maximum diameter on a tooth crown running perpendicular to the MD diameter (Fig. 

3.2) (Buikstra and Ubelaker 1994). Measurements were not taken for teeth with large 

carious lesions or excessive dental calculus and attrition.   
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 The data were organized in Excel spreadsheets by sex, jaw, and by the section in 

which they were excavated. After excluding individuals with insufficient measurements, 

mean values were obtained for the MD and BL diameters of each tooth, along with 

measures of variation (standard deviation, standard error). Along with mean MD and BL 

measurements, tooth size (TS=MDxBL) and crown area (∑TS for all teeth in a 

morphogenetic field, excluding third molars) was tabulated for each time period.  

Intraobserver Error 

 Inter and intraobserver error rates are well studied in odontometrics. Multiple 

authors have shown that inter and intraobserver rates are low, at 0.05 and 0.01-0.06 

respectively (Hemphill 1991; Lukacs and Hemphill 1991; Kieser 1981; Haddow and 

Lovell 2003).  In this study, interobserver error was excluded as all measurements were 

Fig. 3.2. Visual representation of mesiodistal and buccolingual measurements. Photo: Emily 
Dale; diameters added by author. 
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taken by one individual (G. R. Scott).  There was insufficient time to measure dentitions 

twice so intraobserver error estimates are not available.   

All Excel data sheets were reviewed to identify errors of transcription. After 

proofing, odontometric data were entered into statistical software packages, SPSS 22 

(IBM SPSS, Statistical Package for the Social Sciences) to evaluate Basque population 

affinity within Europe and on a global level.  

Statistical Methods 

Basque populations are expected to show differences in tooth size when compared 

to European and world populations. Before observing geographical differences, tooth size 

within the collected Basque samples was assessed.  

Basque Variation viewed Temporally 

 Analyses of Basque samples began with descriptive statistics. Medieval, Post 

Medieval, and Modern Basque samples were analyzed to show number of teeth sampled, 

mean, standard deviation, and standard error for each measurement and tooth. 

Calculations were made for male, female, and combined sex samples and tables were 

created.  

 To analyze sexual dimorphism in all temporal periods, tables based on percent 

dimorphism were created. To generate this value, the male mean was divided by the 

female mean for each measurement for each tooth and then multiplied by 100. Sexual 

dimorphism was also viewed through the use of a multivariate analysis of variance 

(MANOVA) and a Student’s t-test. Statistical significance was measured using the 
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Bonferroni correction. Once it was determined that sexual dimorphism was not a major 

factor in the samples, principal components analysis (PCA) and discriminant function 

analysis (DFA) were used.  

PCA is a data reduction procedure, a method used when dealing with highly 

correlated variables, such as dental metrics (Potter 1978). Harris (1997) says the need to 

use PCA when using raw odontometric data is threefold: (1) PCA reduces data into 

compound variables that show shared variation, (2) PCA discloses the statistical and 

developmental fields controlling tooth size, and (3) PCAs are statistically independent of 

one another. PCA has been widely used in odontometric studies (e.g. Hemphill 1991; 

Harris and Bailit 1988; Harris 1997; Irish 2013). 

PCA factors with eigenvectors greater than one were saved, as these represent the 

highest amount of variation. Medieval, Post Medieval, and Modern Basque samples’ 

factor scores for PCA 1 and PCA 2 were plotted on a scattergram. A PCA scattergram 

was also created using this same process but expanded the sample size to include the 

Modern Spanish and Spanish Basque to display variation in Iberia. 

While PCA emphasizes variation within populations, discriminant function 

analysis examines variation by maximizing differences between groups and minimizing 

variation in a group (Kachigan 1986). Raw data are required to run a discriminant 

function; therefore this method was only used to examine variation within the historic 

samples from the Catedral de Santa María and the Modern Basque dental casts.  Using 

these three samples, a stepwise, within group correlated DFA was used to compare 

Basque temporal periods. To further examine temporal differences, each time period was 
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compared to the other temporal samples. Summary tables show the percent of accuracy at 

which a ‘random individual’ would be correctly placed in a time period.  

Basque Variation viewed in a European Context 

After variation in tooth size was examined between the three Basque samples, 

crown measurements were compared to published data on other Western Eurasian 

populations (i.e., Europe, Middle East, and North Africa). PCA scores with 

eigenvector factors greater than one were recorded for each sex and combined sex 

samples. These PCA factor scores were used to account for tooth apportionment by 

plotting residual scores. Residual scores are “observed PC score[s] minus that predicted 

by regression of the score on summed tooth size” (Harris and Rathbun 1991:122). The 

analysis of residual scores allows published mean scores to be used, expanding sample 

sizes (Harris and Rathbun 1991).  

Furthering analysis into residual scores, Euclidean distances were calculated with 

SPSS 22, and formed the basis of dendrograms following the method of Ward (1963). 

Dendrograms were also used with all of the MD and BL diameters to examine if similar 

patterns emerged when overall TS is used rather than apportioned residuals. Again, these 

dendrograms were created for each sex as well as the combined sex samples.  

Basque Variation viewed in a Global Context 

Many of the same analyses were used to compare Western Eurasian samples and 

Basques. Published mean MD and BL diameters were tabulated for global populations 

representing both sexes and combined sex (Table 2). PCAs were run, eigenvectors greater 



36 
 

 

than one were saved, and residual scores were plotted using the same steps set forth in the 

Western Eurasian comparisons. Again, Euclidean distances were calculated using SPSS 

22 and dendrograms for residual scores and MD and BL diameters were created 

following Ward’s (1963) method.  

Separating the Basques into three distinct categories allows statistical tools and 

interpretation to best characterize the variation within the Basque populations. Basques 

have been the subject of many studies (Alzualde et al. 2005, 2006; Boyd et al. 1955; 

Chalmers et al. 1948; Cavalli- Sforza et al. 1994, 2000; Hurles et al. 1999; Martinez et al. 

2012) that focused on their outlier status among their Western European neighbors. If this 

outlier status is to be seen in dental metrics, multiple lenses of comparisons should be 

utilized to view at what degree and geographical region this variation is seen.  
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CHAPTER IV 

RESULTS 

Descriptive Statistics 

 Descriptive statistics were calculated for all tooth size data collected from the 

Catedral de Santa María and the Modern Basque dental casts. Sample size, mean, 

standard deviation, and standard error were recorded for each measurement (Tables 4.1, 

4.2, 4.3, and 4.4).  

Sexual Dimorphism  

Dental metrics were evaluated for sex dimorphism within the five samples: 

Medieval, Post Medieval, Modern Basque, Spanish, and Spanish Basque. The degree of 

sex dimorphism is in line with other odontometric studies (Moorrees 1957; Kieser 1990) 

that show males have teeth ca. 2-4% larger than females, with canines slightly more 

dimorphic at 4-6%.  In Table 4.5, values were derived by taking male 

measurement/female measurement X 100.  For values over 100, males have larger teeth.  

The number beyond 100 (e.g., 104) shows the percentage difference between males and 

females. Males generally have larger teeth, but this was not evident in the Modern 

Basque sample. As there were many more females in the sample (F=28, M=9), this 

difference is likely the result of sampling error.  

To further evaluate sexual dimorphism in the Basque samples, a Student’s t-test 

was calculated comparing males and females for each measurement (Table 4.6). 

Statistical significance was set at 0.0018. The Bonferroni correction was used and is 
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calculated as ∝=	ೞ೟ೌ೟೔ೞ೟೔೎ೌ೗	ೞ೔೒೙೔೑೔೎ೌ೙೎೐	ሺబ.బఱሻ
	೙ೠ೘್೐ೝ	೚೑	ೡೌೝ೔ೌ್೗೐ೞ	ሺమఴሻ

. This lowered the value at which differences are 

statistically significant, controlling for family-wise error. In (Table 4.6) there is only one 

value of significance, MD for UI2.  Although male tooth dimensions are consistently 

larger than those of females, the mean differences are rarely significant on a tooth-by-

tooth basis.  
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Table 4.1. Mesiodistal crown diameters of permanent maxillary teeth for Basque samples (mm).
 
  Males    Females    Combined   
 Number Mean SD ±SE Number Mean SD ±SE Number Mean SD ±SE 

I1             
Medieval 42 7.99 0.60 ±0.09 15 7.59 0.38 ±0.10 57 7.89 0.58 ±.0.08 
Post Medieval 31 8.01 0.75 ±0.14 37 7.84 0.67 ±0.11 68 7.92 0.71 ±0.09 
Modern  8 8.51 0.65 ±0.23 28 8.08 0.62 ±0.12 36 8.18 0.65 ±0.11 

I2             
Medieval 35 6.06 0.63 ±0.11 14 5.75 0.52 ±0.14 49 5.97 0.61 ±0.09 
Post Medieval 32 6.02 0.54 ±0.10 46 6.09 0.50 ±0.07 78 6.14 0.52 ±0.06 
Modern 8 6.48 0.71 ±0.25 28 6.29 0.55 ±0.10 36 6.33 0.63 ±0.10 

C             
Medieval 42 7.25 0.45 ±0.07 19 6.97 0.37 ±0.08 51 7.17 0.44 ±0.06 
Post Medieval 46 7.40 0.42 ±0.06 63 7.14 0.40 ±0.05 109 7.25 0.43 ±0.04 
Modern 8 7.43 0.47 ±0.17 28 7.25 0.35 ±0.07 36 7.29 0.38 ±0.06 

P1             
Medieval 44 6.43 0.47 ±0.07 20 6.21 0.35 ±0.08 64 6.36 0.44 ±0.06 
Post Medieval 47 6.54 0.39 ±0.06 59 6.50 0.47 ±0.06 106 6.52 0.44 ±0.04 
Modern 8 6.73 0.37 ±0.13 27 6.76 0.57 ±0.11 35 6.75 0.53 ±0.09 

P2             
Medieval 39 6.30 0.42 ±0.07 19 6.08 0.30 ±0.07 58 6.23 0.40 ±0.05 
Post Medieval 53 6.39 0.45 ±0.06 53 6.26 0.44 ±0.06 106 6.33 0.45 ±0.04 
Modern 8 6.33 0.37 ±0.13 28 6.59 0.46 ±0.09 36 6.53 0.45 ±0.07 

M1             
Medieval 41 10.1 0.64 ±0.10 18 9.72 0.37 ±0.09 59 9.95 0.60 ±0.08 
Post Medieval 38 10.26 0.75 ±0.10 59 10.07 0.59 ±0.08 97 10.14 0.45 ±0.04 
Modern 8 9.26 0.53 ±0.19 28 10.11 0.68 ±0.13 36 10.02 0.66 ±0.11 

M2             
Medieval 37 9.27 0.72 ±0.12 19 8.74 0.63 ±0.15 54 9.1 0.73 ±0.1 
Post Medieval 41 9.43 0.81 ±0.12 61 9.24 0.61 ±0.08 102 9.32 0.60 ±0.06 
Modern 8 9.28 0.58 ±0.20 27 9.51 0.71 ±0.14 35 9.45 0.68 ±0.12 
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Table 4.2. Buccolingual crown diameters of permanent maxillary teeth for Basque samples (mm).  
  
  Males    Females    Combined   
 Number Mean SD ±SE Number Mean SD ±SE Number Mean SD ±SE 

I1             
Medieval 45 6.80 0.46 ±0.07 19 6.58 0.39 ±0.09 64 6.73 0.45 ±0.06 
Post Medieval 38 6.97 0.48 ±0.08 39 6.62 0.47 ±0.08 77 6.79 0.50 ±0.06 
Modern 8 6.60 0.52 ±0.18 28 6.57 0.48 ±0.09 36 6.58 0.48 ±0.08 

I2             
Medieval 36 5.95 0.48 ±0.08 16 5.68 0.46 ±0.12 52 5.87 0.48 ±0.07 
Post Medieval 41 6.24 0.75 ±0.012 49 5.90 0.53 ±0.08 90 6.06 0.66 ±0.07 
Modern 8 6.16 0.69 ±0.24 28 5.80 0.68 ±0.13 36 5.88 0.69 ±0.11 

C             
Medieval 43 7.78 0.66 ±0.10 19 7.58 0.60 ±0.14 62 7.72 0.64 ±0.08 
Post Medieval 49 8.10 0.54 ±0.08 63 7.77 0.62 ±0.08 112 7.91 0.61 ±0.06 
Modern 8 7.78 0.59 ±0.21 27 7.41 0.52 ±0.10 36 7.49 0.55 ±0.09 

P1             
Medieval 46 8.54 0.62 ±0.09 20 8.32 0.41 ±0.09 66 8.47 0.57 ±0.07 
Post Medieval 53 8.58 0.59 ±0.08 61 8.41 0.65 ±0.08 112 8.49 0.63 ±0.06 
Modern 8 8.75 0.50 ±0.18 27 8.82 0.59 ±0.11 35 8.81 0.57 ±0.10 

P2             
Medieval 41 8.78 0.61 ±0.10 20 8.45 0.51 ±0.11 61 8.67 0.60 ±0.08 
Post Medieval 59 8.81 0.69 ±0.09 57 8.62 0.59 ±0.08 116 8.72 0.65 ±0.06 
Modern 8 8.79 0.44 ±0.16 28 9.00 0.68 ±0.13 36 8.96 0.61 ±0.05 

M1             
Medieval 42 10.94 0.65 ±0.10 18 10.59 0.52 ±0.12 60 10.83 0.63 ±0.08 
Post Medieval 41 11.19 0.49 ±0.08 61 10.88 0.55 ±0.07 102 11.01 0.55 ±0.05 
Modern 8 10.9 0.73 ±0.26 28 10.89 0.67 ±0.13 36 10.89 0.82 ±0.11 

M2             
Medieval 38 11.14 0.74 ±0.12 16 10.53 0.64 ±0.16 54 10.96 0.76 ±0.10 
Post Medieval 44 11.16 0.69 ±0.10 65 10.89 0.64 ±0.08 109 11.00 0.67 ±0.06 
Modern 8 10.86 0.73 ±0.26 27 10.71 0.86 ±0.16 35 10.75 0.82 ±0.14 
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Table 4.3. Mesiodistal crown diameters of permanent mandibular teeth for Basque samples (mm).  
  
  Males    Females    Combined   
 Number Mean SD ±SE Number Mean SD ±SE Number Mean SD ±SE 

I1
             

Medieval 36 4.95 0.34 ±0.06 13 5.09 0.86 ±0.24 49 4.98 0.76 ±0.08 
Post Medieval 30 5.18 0.71 ±0.13 47 5.09 0.56 ±0.08 77 5.12 0.62 ±0.07 
Modern 7 5.17 0.33 ±0.12 28 5.24 0.44 ±0.09 34 5.22 0.42 ±0.07 

I2
             

Medieval 44 5.59 0.40 ±0.06 17 5.52 0.40 ±0.10 61 5.57 0.52 ±0.05 
Post Medieval 43 5.73 0.43 ±0.07 67 5.58 0.35 ±0.04 110 5.64 0.39 ±0.04 
Modern 8 5.84 0.34 ±0.12 28 5.69 0.42 ±0.08 36 5.72 0.40 ±0.07 

C             
Medieval 51 6.30 0.42 ±0.06 21 6.17 0.40 ±0.09 72 6.26 0.40 ±0.05 
Post Medieval 54 6.60 0.43 ±0.06 73 6.24 0.41 ±0.05 127 6.39 0.45 ±0.04 
Modern 8 6.33 0.45 ±0.16 28 6.33 0.31 ±0.06 36 6.33 0.34 ±0.06 

P1
             

Medieval 50 6.50 0.41 ±0.06 22 6.29 0.32 ±0.07 72 6.44 0.42 ±0.05 
Post Medieval 66 6.57 0.38 ±0.05 80 6.47 0.39 ±0.04 146 6.51 0.39 ±0.03 
Modern 8 7.05 0.36 ±0.13 27 6.93 0.51 ±0.10 35 6.96 0.48 ±0.08 

P2
             

Medieval 42 6.80 0.76 ±0.12 18 6.48 0.43 ±0.10 60 6.70 0.69 ±0.09 
Post Medieval 54 6.74 0.40 ±0.05 69 6.66 0.39 ±0.05 123 6.70 0.40 ±0.04 
Modern 8 5.97 2.11 ±0.74 28 6.99 0.52 ±0.10 36 6.77 1.13 ±0.19 

M1
             

Medieval 43 10.76 0.66 ±0.10 17 10.22 0.50 ±0.12 60 10.61 0.66 ±0.09 
Post Medieval 39 10.99 0.48 ±0.08 60 10.49 0.52 ±0.07 99 10.69 0.56 ±0.06 
Modern 8 10.49 0.53 ±0.19 27 10.63 0.71 ±0.14 35 10.60 0.67 ±0.11 

M2
             

Medieval 39 10.27 0.67 ±0.11 19 9.80 0.62 ±0.14 58 10.12 0.68 ±0.09 
Post Medieval 51 10.61 0.63 ±0.09 66 10.28 0.59 ±0.07 117 10.42 0.63 ±0.06 
Modern 8 9.73 0.36 ±0.13 26 10.12 0.61 ±0.12 34 10.03 0.58 ±0.10 



42 
 

 

Table 4.4. Buccolingual crown diameters of permanent mandibular teeth for Basque samples (mm).  
   

Males 
    

Females
    

Combined
  

 Number Mean SD ±SE Number Mean SD ±SE Number Mean SD ±SE 
I1

             
Medieval 41 5.61 0.43 ±0.07 17 5.52 0.49 ±0.12 58 5.58 0.45 ±0.06 
Post Medieval 40 5.75 0.36 ±0.06 54 5.58 0.53 ±0.07 94 5.65 0.47 ±0.05 
Modern 8 5.59 0.44 ±0.16 27 5.41 0.54 ±0.10 35 5.45 0.52 ±0.09 

I2
             

Medieval 47 6.08 0.40 ±0.06 23 5.99 0.36 ±0.07 70 6.05 0.39 ±0.05 
Post Medieval 50 6.1 0.37 ±0.05 70 5.97 0.38 ±0.05 120 6.02 0.38 ±0.03 
Modern 8 5.94 0.51 ±0.18 27 5.96 0.45 ±0.09 35 5.95 0.45 ±0.08 

C             
Medieval 52 7.25 0.65 ±0.09 23 6.98 0.66 ±0.14 75 7.17 0.66 ±0.07 
Post Medieval 58 7.64 0.59 ±0.08 78 7.12 0.47 ±0.05 136 7.33 0.58 ±0.05 
Modern 8 6.65 0.57 ±0.20 28 6.85 0.48 ±0.09 36 6.81 0.50 ±0.08 

P1
             

Medieval 49 7.36 0.58 ±0.08 22 7.18 0.56 ±0.12 71 7.31 0.58 ±0.07 
Post Medieval 66 7.52 0.52 ±0.06 84 7.34 0.58 ±0.06 150 7.42 0.56 ±0.05 
Modern 8 7.3 0.73 ±0.26 27 7.44 0.49 ±0.09 35 7.41 0.55 ±0.09 

P2
             

Medieval 48 7.83 0.60 ±0.09 23 7.62 0.52 ±0.11 71 7.76 0.58 ±0.07 
Post Medieval 56 8.00 0.52 ±0.07 71 7.82 0.58 ±0.07 127 7.90 0.56 ±0.05 
Modern 8 7.93 0.47 ±0.17 28 7.95 0.59 ±0.11 36 7.95 0.56 ±0.09 

M1
             

Medieval 49 10.11 0.60 ±0.09 21 9.93 0.58 ±0.13 70 10.59 0.59 ±0.07 
Post Medieval 45 10.32 0.67 ±0.10 70 9.67 0.50 ±0.06 115 10.11 0.59 ±0.06 
Modern 8 9.84 0.60 ±0.21 27 10.10 0.62 ±0.12 35 10.04 0.61 ±0.10 

M2
             

Medieval 44 9.61 0.70 ±0.11 22 9.39 0.75 ±0.16 66 9.54 0.72 ±0.09 
Post Medieval 55 9.86 0.53 ±0.07 78 9.50 0.59 ±0.07 133 9.65 0.59 ±0.05 
Modern 8 9.45 0.71 ±0.25 26 9.68 0.62 ±0.12 34 9.63 0.64 ±0.11 
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Table 4.5. Sexual Dimorphism between Males and Females separated temporally. 

  UI1MD UI2MD UCMD UP1MD UP2MD UM1MD UM2MD 
Medieval 105.23 105.39 104.00 103.66 103.64 103.86 106.09
Post Medieval 100.65 103.54 103.26 101.29 102.57 101.44 102.32
Spanish 102.79 104.51 102.39 101.71 103.35 102.29 101.26
Spanish-Basque 103.54 103.95 104.94 106.74 102.89 105.45 105.95
Basque 105.32 102.95 102.46 99.49 95.94 95.78 97.56

UI1BL UI2BL UCBL UP1BL UP2BL UM1BL UM2BL 
Medieval 103.21 104.73 102.54 102.61 103.97 103.30 105.78
Post Medieval 104.60 106.96 103.82 101.24 101.43 102.57 102.97
Spanish 105.88 103.77 103.04 100.68 102.82 101.73 104.15
Spanish-Basque 111.28 115.41 112.71 106.27 107.18 104.27 108.62
Basque 100.43 106.32 104.92 99.18 97.60 100.10 101.38

LI1MD LI2MD LCMD LP1MD LP2MD LM1MD LM2MD 
Medieval 97.15 101.33 102.02 103.46 104.94 105.25 104.84
Post Medieval 100.87 102.08 120.50 102.13 100.64 104.55 103.82
Spanish 102.99 104.47 102.55 100.60 100.55 100.16 102.38
Spanish-Basque 101.01 103.32 106.08 105.62 104.61 104.09 105.44
Basque 98.75 102.67 99.94 101.68 85.40 98.63 96.10

LI1BL LI2BL LCBL LP1BL LP2BL LM1BL LM2BL 
Medieval 101.56 101.57 103.89 102.50 102.69 101.87 102.42
Post Medieval 103.11 102.47 107.93 102.21 101.35 103.37 104.23
Spanish 104.25 98.66 102.38 100.49 99.43 102.80 103.35
Spanish-Basque 110.68 103.49 107.82 110.29 106.93 106.86 108.19
Basque 103.33 99.63 97.08 98.06 99.64 97.40 97.58

 

 

 

 

 

 

 

 

† The sex percentages ((male mean/ female mean)*100) express size differences seen in 
male and female teeth due to sexual dimorphism.  
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Table 4.6. Student’s t-test between males and females (significant values are marked 
with an asterisk). 

  

Paired Differences 

T df 
Sig. 

 (2-tailed) Mean Std. Dev. 
Std. Error 

Mean 

95% Confidence 
Interval of the 

Difference 

Lower Upper 
UI1-MD .28157 .15092 .06749 .09418 .46896 4.172 4 .014 

UI2-MD .25090 .05225 .02337 .18602 .31578 10.736 4 .000 ** 
UC-MD .24533 .07686 .03437 .14990 .34077 7.137 4 .002 

UP1-MD .16938 .18506 .08276 -.06040 .39916 2.047 4 .110 

UP2-MD .10442 .20956 .09372 -.15578 .36461 1.114 4 .328 

UM1-MD .17425 .36869 .16488 -.28354 .63203 1.057 4 .350 

UM2-MD .23864 .32588 .14574 -.16599 .64327 1.637 4 .177 

LI1-MD .00967 .11779 .05268 -.13658 .15593 .184 4 .863 

LI2-MD .15925 .07173 .03208 .07018 .24831 4.964 4 .008 

LC-MD .39048 .51887 .23205 -.25378 1.03475 1.683 4 .168 

LP1-MD .18064 .13279 .05939 .01575 .34552 3.042 4 .038 

LP2-MD -.05836 .55643 .24884 -.74926 .63253 -.235 4 .826 

LM1-MD .26413 .30767 .13760 -.11790 .64616 1.920 4 .127 

LM2-MD .25147 .37810 .16909 -.21800 .72094 1.487 4 .211 

UI1-BL .33272 .25676 .11482 .01391 .65152 2.898 4 .044 

UI2-BL .42922 .26147 .11693 .10456 .75387 3.671 4 .021 

UC-BL .40405 .30245 .13526 .02851 .77959 2.987 4 .040 

UP1-BL .17375 .23877 .10678 -.12272 .47022 1.627 4 .179 

UP2-BL .22875 .31476 .14076 -.16207 .61957 1.625 4 .179 

UM1-BL .26043 .17345 .07757 .04507 .47580 3.357 4 .028 

UM2-BL .49052 .29607 .13241 .12290 .85814 3.705 4 .021 

LI1-BL .24984 .18677 .08353 .01793 .48175 2.991 4 .040 

LI2-BL .06813 .11807 .05280 -.07848 .21473 1.290 4 .267 

LC-BL .26560 .30938 .13836 -.11855 .64975 1.920 4 .127 

LP1-BL .20016 .34201 .15295 -.22450 .62481 1.309 4 .261 

LP2-BL .16039 .24880 .11127 -.14853 .46931 1.441 4 .223 

LM1-BL .24562 .34168 .15280 -.17863 .66987 1.607 4 .183 

LM2-BL .30258 .36855 .16482 -.15504 .76020 1.836 4 .140 
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To examine within group variation, discriminant function analysis (DFA) was 

used. Discriminant function analysis identifies boundaries between groups using metric 

variables (Kachigan 1986). A DFA shows which variables are important in creating 

group boundaries and demonstrates the “values on the criterion variable when given 

values on the predictor variables” (Kachigan 1986: 357). This allows researchers to use 

individuals of known groups and create a formula for which an unknown individual can 

be classified into a group with a certain amount of accuracy, dependent on the 

discriminating characteristics assigned to the known groups.  

A cross-validated, stepwise DFA was used to examine all the Basque temporal 

periods together.  The two measurements used for criterion variables between the three 

time periods were the mesiodistal diameter of LP1 and buccolingual diameter of LC.  The 

overall accuracy rate, the percent at which individuals are appropriately classified in the 

correct time period, for the three time periods was 46.6% (Table 4.7).  The overall 

percentage accuracy in assigning individuals to their respective groups is greater than 

random chance, demonstrating that these groups display enough differences to correctly 

classify individuals into each temporal period. The rate of accuracy, though greater than 

random chance, is still relatively low.  As seen in Table 10, the Medieval and modern 

samples both were classified correctly nearly 70% of the time, while the Post Medieval 

samples had a much lower classification rate of 27%.  

To better illustrate temporal trends in tooth size for the male and female samples, 

anterior and posterior crown areas were plotted against one another (Fig. 4.1 and 4.2). 

These plots show a pattern of tooth size increase and group separation through time. 
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Modern Basque males plot as having the smallest posterior teeth, but this may reflect 

small sample size. Female samples, which were much larger than the male samples, show 

a clear trend of tooth size increase over time.  Tooth size for the Medieval sample was the 

smallest of the five groups, the Post Medieval sample was intermediate, and the Modern 

sample had the largest teeth.  This supports a long-held notion that medieval populations 

were generally small and endured chronic undernutrition.  Diet improved after A.D. 1500 

and reached its zenith in modern populations.  Interestingly, Spanish females have teeth 

significantly larger than all three Basque samples.   

 

Table 4.7. Stepwise DFA Summary Table for all Basque temporal periods. 

Classification Results  

  

Time Period 

Predicted Group Membership 

Total Medieval
Post 

Medieval Modern 

Original Count Medieval 42 14 5 61 
Post Medieval 69 31 15 115 
Modern 3 7 25 35 

% Medieval 68.9 23.0 8.2 100.0 
Post Medieval 60.0 27.0 13.0 100.0 
Modern 8.6 20.0 71.4 100.0 

a. 46.4% of original grouped cases correctly classified. 
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Fig. 4.1. Anterior and Posterior Crown Areas showing temporal change in 
tooth size for male samples. 

Fig. 4.2. Anterior and Posterior Crown Areas showing temporal change in 
tooth size for female samples.  
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Basque Variation in a Western Eurasian Context 

To put Basque tooth size variation into a broader geographic context, data were 

collected from published sources for Western Eurasian (WE) populations (Table 4.2). For 

inter-group comparisons of tooth size among WE samples, PCAs were run separately for 

each sex and with the sexes combined. Scattergrams using the first and second PCA 

scores show that Medieval Basque males group with Coimbra, a historic Portuguese 

population, and the Post Medieval sample groups with all Greek samples. Modern 

Basque males group with Medieval Norwegian males (Fig.4.3).  

Female samples show a clearer pattern for Western Eurasian tooth size variation 

(Fig. 4.4). This may partly reflect the small sample size for Modern Basque, Spanish, and 

Spanish Basque males. The three Modern samples from northern Spain cluster closely 

and are also grouped with the Medieval and Post Medieval Basque samples. The PCA 

reflects geographic separation as the Basque samples are sandwiched between the 

Portuguese Coimbra sample and the three Greek samples.  Close proximity to Coimbra 

and the Greek samples are supported in other analyses.  
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 Fig. 4.3.  Scattergram for Western Eurasian Males on all MD and BL measurements. 
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To study tooth crown apportionment, a PCA was run for all individual MD and 

BL diameters with a separate PCA for the mesiodistal and buccolingual summed 

measurements for the maxillary and mandibular dental arcades. The observed (PCA for 

all individual tooth measurements), subtracting the expected (PCA on the sum of the 

dental arcades), creates the residual score (Harris and Rathbun 1991). The use of residual 

scores shows a groups’ variation from their predicted overall tooth size (Harris 1997). 

Fig. 4.4. Scattergram for Western Eurasian Females on all MD and BL measurements. 
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Residuals are then plotted using bar graphs to show this variation. The axis on which the 

scores are plotted represents the expected size of the dentition for each sample. Negative 

scores, as indicated by bars plotting below the expected line, show teeth that are smaller 

than expected, while positive scores show teeth that are larger than expected. The 

analysis of residual scores allows published mean scores to be used, expanding sample 

sizes. 

Residual factors for all dental arcades for males and females were used to make 

bar graphs following the methods of Harris and Rathbun (1991). The anterior dentition 

was viewed through males and females, and showed the same patterns that were seen in 

the PCAs for all dental measurements. In the residual scores of Western Eurasian males, 

the Medieval Basques grouped with Medieval Norwegians, the Post Medieval Basque 

sample was intermediate, and the Modern Basque, Spanish, and Spanish Basque grouped 

together below the expected line, showing a small toothed trend that is reflected in their 

residuals (Fig. 4.5). A dendrogram using the residual scores for males displayed these 

same groupings (Fig. 4.6). The Medieval Basque and Norwegian samples group with the 

Post Medieval sample nearby. The Modern samples group together with the ancient 

Greek samples.  

 The residual graph for female Western Eurasian populations shows a similar 

pattern to that observed for male samples, with similar samples plotting below the 

expected line. The Medieval samples, Basque and Norwegian, group the closest, 

followed by the intermediate Post Medieval Basque, and the grouping of the Modern 

samples (Fig. 4.7). A dendrogram based on Euclidean distances was used to display these 
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groupings for females. The Medieval and Post Medieval samples showed the same 

grouping, but the Modern females differ from their male counterparts in that they do not 

group together (Fig. 4.8).  
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Fig. 4.5. Residual Factor Graph plotting the residual of anterior MD and BL measurements 
for Western Eurasian Male populations.  

Fig. 4.6. Ward’s (1963) Dendrogram based on residual scores of anterior MD and BL 
measurements for Western Eurasian Male populations.  
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Fig. 4.7. Residual Factor Graph plotting the residual of anterior MD and BL measurements 
for Western Eurasian Female populations.  

Fig. 4.8. Ward’s (1963) Dendrogram based on residual scores of anterior MD and 
BL measurements for Western Eurasian Female populations.  
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A dendrogram was generated using the first PCA score for all MD and BL 

measurements to determine if patterns emerged that were similar to those shown by the 

residual dendrograms (Fig. 4.9). Using Euclidean distances and Ward’s (1963) clustering 

method, Basque variation was evaluated in a larger Western Eurasian context.  In the 

male samples, Modern Basques group with ancient Greeks and Medieval Norwegians, 

while the Medieval Basques group clustered with NP Lapps and Coimbra samples. The 

female dendrograms showed Modern Basques group most closely with ancient Greeks 

but are still within the same branch as other Modern samples (Spanish, Spanish Basque, 

and Greeks). Again, the Medieval Basque, NP Lapps, and Coimbra samples cluster 

together (Fig. 4.10).  
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Fig. 4.9. Dendrogram plotting the first PCA score of all MD and BL measurements for Western 
Eurasian Male populations. 
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Basque Variation in a Worldwide Context 

 Published data on global populations were compiled to view Basque relationships 

in a worldwide context (Table 3.2).  Residual scores were again used to examine 

differences between world populations and Basque samples in tooth apportionment 

(Harris and Rathbun 1991).  

Fig. 4.10. Dendrogram plotting the first PCA score of all MD and BL measurements for Western 
Eurasian Female populations. 
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 Male world residual scores show about the same patterns that were observed in 

the residuals for Western Eurasia when looking at MD and BL measurements (Fig. 4.11). 

Basques group with each other, but the lack of grouping with populations outside of 

Western Eurasia is what distinguishes the groups. In the dendrogram, the Medieval and 

Post Medieval Basques group near each other and the Medieval Norwegian samples; 

Modern Basques group near ancient Greeks (Fig. 4.13). 

 Among the female samples, Medieval Norwegians and Medieval Basques group 

near each other and the three Modern samples are tightly grouped (Fig. 4.12).  In relation 

to other samples, these populations create a small-toothed grouping that includes the NP 

Lapps and the Ainu. This pattern is evident in a dendrogram plotted using female residual 

scores. Medieval and Post Medieval Basques are near Medieval Norwegians and NP 

Lapps, while the Modern samples group with other small-toothed populations such as the 

Ainu and San samples (Fig. 4.14).  
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Fig.4.11. Residual Factor Graph plotting the residual of all MD and BL measurements for World Male populations. 
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Fig. 4.12. Residual Factor Graph plotting the residual of all MD and BL measurements for World Female populations. 
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Fig. 4.13. Dendrogram plotting the residual of all MD and BL measurements for World Male 
populations. 



62 
 

 
 

 

 Fig. 4.14. Dendrogram plotting the residual of all MD and BL measurements for World 
Female populations. 
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Expanding on the patterns presented in the residual graphs, dendrograms were 

used to explore population differences between Basques and worldwide populations 

separated by sex. Viewing MD and BL measurements for male samples, clear geographic 

separations emerge. Using Scott and Turner’s (1997) geographical regions (Table 3.2), 

clear distinctions between Sahul-Pacific and Sunda-Pacific become clear. Sunda-Pacific 

and Sino-American are more mixed, yet still lie in the first branch of the dendrograms 

separating these groups from the Western Eurasian groups which diverged in the lower 

branch (Fig. 4.15). The Medieval Basque and Modern Spanish grouped with Coimbra. 

The Post Medieval samples grouped together with NP Lapps, Medieval Norwegians, and 

Ainu. The Modern Basque grouped with other small-toothed groups (Greeks, Anglo-

Saxons, and English).  

 Observing females, a clear distinction between geographic regions becomes clear. 

Sino-American, Sahul-Pacific, and Sunda-Pacific all grouped together on one branch of 

the dendrograms, while Western Eurasian populations grouped on the upper branch of the 

dendrogram (Fig. 4.16). Within the Western Eurasian samples, the Modern Spanish and 

Spanish Basque samples grouped together. Ainu, Medieval Norwegians, NP Lapps, and 

Coimbra grouped with the Medieval and Post Medieval Basque samples. The Medieval 

Basque sample grouped closest to Coimbra, representing the Iberian Peninsula.  
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Fig. 4.15. Dendrogram plotting the first PCA score of all MD and BL measurements for 
World Male populations. 
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Fig. 4.16. Dendrogram plotting the first PCA score of all MD and BL measurements for 
World Female populations.
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CHAPTER V 

DISCUSSION 

Variation within Santa María Samples 

The question of Basque origins has been examined since the early 20th century. 

For multiple biological and cultural markers, Basques differ from their neighboring 

populations, but often only slightly so.  A discriminant function analysis of tooth size 

(Table 4.7) indicates separation between the three Basque temporal periods is greater 

than random chance. This separation is further shown by changes in anterior and 

posterior teeth (Figs. 4.1 and 4.2).  A change in tooth size through time could indicate 

population admixture or a secular trend in tooth size.   

Secular trends are relatively rapid changes within a population that are 

attributable to environmental changes, not genetic restructuring (Harris 2001). Many 

secular trends have focused on tooth size differences between two generations, such as 

between fathers and sons (Garn et al. 1968; Goose 1967; Lavelle 1972).  Other 

researchers looked at trends by comparing samples from different time periods. For 

example, Ebeling et al. (1973) examined past and present Swedish soldiers to determine 

if a secular trend in tooth size had occurred.  The temporal comparison was between 

soldiers who died in 1801 from a typhus epidemic to 123 randomly selected individuals 

taken from a pool of 312 living soldiers. Comparing tooth size diameters between skeletal 

and living samples, a total of 10 significant MD measurements were found. This number 

of significant values supported the notion of a secular trend within the Swedish soldier 

populations. The secular trend seen among the Swedish populations has been interpreted 



67 
 

 
 

as the reflection of a combined effect of environmental and genetic factors (Ebeling et al. 

1973).  

Scott et al. (1992) analyzed tooth size in Medieval Norwegians, Greenlanders, and 

Icelanders and compared them to earlier Settlement Period Greenlanders (ca. 1000 A.D.).  

They found a secular trend toward tooth size reduction in the Medieval samples.  The 

Settlement Period sample had premolars 5.7-11.2% larger and molars 7.3-9.2% larger 

than the Medieval samples. This secular trend was also evident to about the same degree 

(6-9%) in reduced stature and brain size; the congruence in the three trends was explained 

by chronic undernutrition associated with the adverse impact of climate change on 

medieval economies (Scott et al. 1992). Stojanowski (2003) also found a temporal trend 

in his study of tooth size in American Indians at the mission site of San Luis in 

northwestern Florida. Comparing Late Contact samples to individuals alive during the 

Spanish mission period, he found eight of eleven dental measurements showed an 

increase in size. In this instance, the author favored a genetic explanation for the temporal 

difference.  It was hypothesized that admixture with the invading Spanish was 

responsible for the trend to increased tooth size (Stojanowski 2003).  

 Secular trends are evident in the Basque samples as well. Focusing on females, as 

they represent the largest sample sizes, Post Medieval Basques show larger dental size for 

both premolars and molars when compared to Medieval Basque samples. Premolars show 

an increase in size of 5.7% while molars increased by 6.6%. Modern Basques exhibit 

larger teeth than the Post Medieval samples at 8.3% in premolars and 1% in molars. It is 
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hypothesized that some combination of improved nutrition and increased gene flow are 

involved in this temporal increase in tooth size.  

Multiple studies have shown Basques have frequencies for some genetic markers 

that suggest possible admixture with migrating populations, such as North Africans. 

Alzualde and colleagues (2006) found haplogroups (groups of specific DNA mutations) 

within individuals from a Basque cemetery dating to the 8th century that represent 

Frankish and Moorish backgrounds. Their study supports the idea that as Spain became 

more genetically and politically complex during the Moorish reign and the subsequent 

Christian reconquest, there was probable admixture with the Basques, seen through the 

introduction of new haplogroups. Of the haplotypes (specific mutations that create a 

haplogroup) discovered, six were rare for WE populations, which are normally found at a 

frequency of less than 1%,  ht8, ht12, ht16, and ht17. These rare haplogroups occur at a 

frequency of 40% within the 34 Basque individuals sampled.  The haplotype ht17 

suggested a North African influence, and it is only found in WE populations at a rate of 

0.11% but is common in populations from Northwestern Africa. Three were unique, ht5, 

ht9, and ht11, to this site implicating an in situ evolution of these haplotypes within the 

Basques (Alzualde et al. 2006).    

Manzano and colleagues (1996) found natives from the province of Alava, where 

the Catedral de Santa María is located, to be genetically intermediate between the 

surrounding Spanish and the other provinces in the Spanish Basque Country, Gipuzkoa 

and Vizcaya. Multiple alleles and haplotypes for blood were used to represent the genetic 

constitution of each population examined. The Alava Basques were intermediate for 
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multiple alleles and haplotypes: ABO*B, ABO*O, Rh*cde, PGD*C, and ACP*C. This 

study concluded that the Basque population of Alava has “undergone more modification 

caused by immigrant genes” than other Basque provinces (Manzano et al. 1996: 256).   

 Vitoria, the capital of the Alava province, was a major city along the Camino de 

Santiago, a well-traveled pilgrimage trail since the 9th century (Caro Baroja 2009). 

Looking at classic genetic polymorphisms within Basque populations, gene flow was in 

the direction of the coast (Manzano et al. 2001). This matches the movement pilgrims 

would have made along the Camino. With increased gene flow in Alava, a study on Alu 

insertions showed increased “genetic divergence between Basque valley groups” (de 

Pancorbo et al. 2001: 231).  This suggests that as immigration increased, populations 

stayed in their own valleys, resulting in a heterogeneous genetic environment throughout 

the Basque Country.  

 The genetic isolation of the Basques was a “prehistoric event, possibly due to the 

economic and ecological advantages of the area” rather than “an absence of interaction 

with other populations” (Izagirre et al. 2001). Though Basques have remained relatively 

separated, admixture has occurred over the last few millennia and can explain many of 

the changes in tooth size seen among the samples from Catedral de Santa María.  Genetic 

studies also support increasing amounts of admixture in Basque Country, particularly in 

Alava.  

Recent studies on Basque dentition show the possibility of increased contact with 

the rest of Iberia. A study on the dental health of the Vitoria population (Hopkinson 

2009) showed similar rates of caries, abscesses, and antemortem tooth loss (AMTL) to 
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other Iberian and European populations. This is attributed to the increase of sugar 

supplied to Spain and Europe during post medieval times, coinciding with the conquest of 

the New World (Hopkinson 2009). This study was supported the analysis of dental 

chipping by Scott and Winn (2011). Post Medieval Basques had less dental chipping and 

higher rates of caries, again suggesting a shift to softer, more cariogenic foods. Similar 

percentages of caries and AMTL represent the movement of sugar and other cariogenic 

foodstuffs in the diet of the Basque Country, demonstrating less isolation from the rest of 

Iberia. Though the Basque Country was less isolated, they still held onto old pagan 

practices during Catholic dominated times. This was evident by copper and bronze coins 

found in the mouths of 18 individuals (mixed ages, both males and females) at the 

Cathedral of Santa Maria (Hopkinson et al. 2008). This suggests the pagan practice of 

paying the boatman to carry the soul across the river Acheron. 

Basques in Western Eurasia 

 Though genetic and dental studies suggest increased movement into Basque 

Country during post medieval times, Basque outlier status is still evident when compared 

to geographically similar populations. When viewing Basque variation in the context of 

other Western Eurasian groups, interesting patterns emerge. In the male and female 

dendrograms (Figs. 4.9 and 4.10), Medieval Basques grouped with Coimbra, a historic 

Portuguese sample. This could indicate some affinity between Basques and other 

populations of Iberia. The Post Medieval samples often grouped with all Greek samples, 

both Ancient and Modern, as well as the NP Lapps. For both males and females, Modern 

samples grouped with all Greek samples and Medieval Norwegians. As shown through 
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residual scores, there is a consistent grouping with Coimbra, the Greek samples, and NP 

Lapps. When viewing the dendrograms, the same pattern emerged regardless of sex; 

Medieval Basques grouped with NP Lapps and Modern Basques grouped with all Greeks 

samples. 

 The grouping of Basque samples with NP Lapps and Greek samples is consistent 

with their outlier status. These groups fall within the Western Eurasian biological sphere 

yet remain outliers (Fig. 5.1).  In particular, NP Lapps differentiate at a high level 

because they are geographically removed and linguistically distinct (Uralic language 

family vs. Indo-European) from other Europeans.  This uniqueness is said to “indicate 

that part of the Caucasoid background of Lapps is of Paleolithic origin” (Cavalli-Sforza 

et al.1994:268). Another non-Indo-European group, Sardinians, also differentiate 

genetically at a high level.  Basques are somewhat closer to other Europeans than Lapps 

and Sardinians, possibly due to more admixture with neighboring Indo-European 

populations, but they do not cluster with any particular linguistic division of Indo-

European (e.g., Italic, Germanic, Baltic, Slavic).  In general, groups with roots in Europe 

that extend back in time beyond the Neolithic are the first to split off in a cluster analysis 

of Modern European populations.   
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An analysis of craniometric variables from the Catedral de Santa María concurred 

with many of the trends seen in Basque genetics and dentition (Janzen 2011). The Vitoria 

samples grouped closest with other Iberian and Basque samples, although they remained 

distinct enough to separate from both of these groups. This supports genetic studies 

showing heterogeneity within the Basque country (de Pancorbo et al. 2001). Again, they 

grouped within WE populations while remaining distinct enough to remain an outlier. 

A study of dental morphology showed similar results to those of dental metrics 

(Scott et al. 2013). Compared to Western Eurasian populations, Basques displayed classic 

European traits. Though they fit the generalized pattern of dental morphology, coined 

Fig. 5.1. A genetic tree based on Cavalli-Sforza and colleagues (1994:268) study of 88 
genes. 
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“Eurodont” by Scott et al. (2013), extant samples and historic samples fell outside the 

95% confidence for multiple traits. While Basques showed differences in crown and root 

morphology, there was no single characteristic that separated them from Indo-European, 

Afro-Asiatic, and Caucasian populations. Their UPGMA  

(Unweighted Pair Group Method with Arithmetic Mean) dendrogram showed the 

Basques clustered in general with western European samples, but they are not aligned 

closely with any particular group (Fig. 5.2). 

 

 

 In the context of western Eurasia, the outlier status of Basques is evident for 

genetic markers (Cavalli-Sforza 1994) and dental morphology (Scott et al. 2013).  Tooth 

size falls in line with this general finding.  Given that Basques are consistently outliers 

compared to their neighbors and other European and North African populations, this 

Fig. 5.2. UPGMA genetic distance dendrogram based on Scott and colleagues 
(2013:305) Basque dental morphology. 
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could support the long-held position that they represent a continuous settlement in the 

Pyrenees since the Paleolithic (Cavalli-Sforza 1994) followed by relative genetic 

isolation, but allowing for some recent gene flow from Iberian and/or North African 

groups  (Izagirre et al. 2001). 

Basques in a Worldwide Context 

If Basques are the descendants of Paleolithic populations in Western Europe, their 

outlier status should be evident when they are compared to world populations. Using 

dental metrics to view the Basques on a worldwide scale, they remain an outlier 

(Figs.4.15 and 4.16). There are clear separations between world regions, as Western 

Eurasia separates on its own branch, and the Basques never group outside of Western 

Eurasian samples. Basque samples do, however, group with other outliers, including NP 

Lapps, Greeks, and somewhat surprisingly, the Ainu. This pattern groups Basques with 

WE samples in general and WE outliers in particular, and provides another line of 

evidence that supports a deep history for Basques in western Europe, one that precedes 

by millennia the influx of Indo-European farmers from the Middle East and Anatolia 

(Cavalli-Sforza 1994; Izagirre et al. 2001).  

Craniometric analysis of Vitoria samples demonstrated distinct clustering with 

other Iberian samples, while remaining in close association with other WE samples, such 

as Medieval Norse and Egyptians (Janzen 2011). Sino American and Sub-Saharan 

populations clustered predictably; Sino Americans were closer to Western Eurasian 

populations and the Sub- Saharan grouped with Southwest Pacific populations (Janzen 

2011).  
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Dental morphology has also been used to compare Basque samples to world 

populations (Scott et al. 2013). A biodistance analysis of nine dental crown traits 

produced the dendrogram shown in Fig. 5.3. In this instance, there is a clear separation 

between Sub-Saharan African, Asian, New World, and Pacific populations from Western 

Eurasian samples. Within the Western Eurasian cluster, there are 12 samples.  Of this 

number, the combined samples (Medieval and Post Medieval) from Santa María and the 

living Basque sample are the most highly differentiated.  Though no single dental trait 

distinguishes the Basques from other Western Eurasians, the overall differences affirm 

their status as an outlier. Overall differences in tooth size, especially given the small size 

of Basque teeth, points in the same direction.    

 

 

 Linguistic evidence has long been used to support the uniqueness of Basques in a 

sea of Indo-Europeans. Some have hypothesized that the Basque language falls within a 

Fig. 5.3. UPGMA genetic distance dendrogram based on Scott and colleagues (2013:302) 
Basque dental morphology. 
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broad Dene-Caucasian family, which would group them with groups from the Caucasus 

Mountains and Na-Dene groups from northern North America (Ruhlen 2000). Long 

thought to be a linguistic isolate, Bengston (1991) and Ruhlen (2000) grouped Euskara 

into this new family using words and affixes with similar sounds. The Dene-Caucasian 

family is made up of three branches: Northern (Basque, Caucasia, and Burushaski), 

Western (Yenisei and Na-Dene), and Eastern (Sino-Tibetan) (Ruhlen 2000). This new 

analysis supports two separate migrations of people into Eurasia; the first wave involved 

Dene-Caucasian followed much later by a wave of Indo-European farmers from the 

Middle East. The isolation of the Basque language allowed this ancient connection to 

survive. Though not without detractors (Trask 1995), the connection to the Dene-

Caucasian family would lend support to the position that the Basque population has roots 

that go deep in antiquity in northern Spain and southern France.  

What does this mean for Basque Origins? 

This study shows that though cultural and linguistic boundaries separated Basques 

from their neighbors, this isolation did not completely prevent admixture with 

neighboring groups. However, evidence from blood groups, mtDNA, Y chromosome, 

and dental morphology and tooth size indicate this admixture is relatively recent and has 

not been of sufficient magnitude to obscure the unique biological and linguistic status of 

the Basques.  For genetic and dental variables, Basques fit in the Western Eurasian 

category yet remain outliers.  Though dental metrics alone cannot answer the question of 

why Basques are outliers, they provide a line of evidence, in conjunction with genetic, 

skeletal, and other dental research, to create a clearer picture of this population’s past.  
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CHAPTER VI 
 

CONCLUSIONS 
 

 The purpose of this study was to examine Basque uniqueness using dental 

metrics. Basques are an anthropologically significant population due to their antiquity 

and genetic isolation in the Pyrenees Mountains of northern Spain and southern France. A 

better understanding of this population would help to provide greater insights into the 

movement and interaction of human populations in Europe. 

As genetic and dental studies show, the Basques are clearly a Western Eurasian 

population. Yet, they seem to be outliers in this broader population grouping. A similar 

result was shown through Basque dental metrics. While genetic isolation played a major 

role in the genetic make-up of the Basques, there is evidence of gene flow, particularly in 

Alava, between Basques and linguistically and culturally different surrounding 

populations. Though gene flow is evident, it does not mask the uniqueness of Basque 

genetics, be it in blood groups, mtDNA, Y chromosomes, or dental morphology.  

 The relative genetic isolation of Basques has led to parallels with other outlier 

populations, including NP Lapps and the Ainu. Geographic, economic, and linguistic 

barriers could all be major factors in the isolation of the Basques in prehistoric times, 

though these would have been barriers more easily crossed in historic times, as evidenced 

by genetic studies (Azualde et al. 2006; Manzano et al. 1996; de Pancorbo et al. 2001).  

This research supports the idea of the Basques being one of the oldest populations in 

Europe, and their subsequent isolation throughout prehistoric times has preserved this 

unique connection to other outliers in Western Eurasia.  
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 Though this research adds another piece to the long and complicated puzzle that is 

Basque genetic history, further research using additional data and new analytical 

techniques should help us better understand the origins and affinities of the diverse 

populations in Europe. Hopefully, more dental studies will be conducted on groups from 

other regions in Spanish Basque country, Gipuzkoa and Vizcaya, or expanded into the 

French Basque country to determine if the heterogeneity in tooth size and morphology 

parallels the diversity seen in genetic markers.    
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