
THE DENTAL MORPHOLOGY OF
THE POINT OF PINES INDIANS

Item Type text; Dissertation-Reproduction (electronic)

Authors Snyder, Richard G.

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 24/05/2023 20:06:08

Link to Item http://hdl.handle.net/10150/284368

http://hdl.handle.net/10150/284368


THE DENTAL MORPHOLOGY OF THE 

POINT OF PINES INDIANS 

by 

Richard Gerald Snyder 

A Thesis Submitted to the Faculty 'of the 

DEP ARTMENT OF ANTHROPOLOGY 

In Partial Fulfillment of the Requirements 
For the Degree of 

DOCTOR OF PHILOSOPHY 

In the Graduate College 

UNIVERSITY OF ARIZONA 

19 5 9 



STATEMENT BY AUTHOR 

This thesis has been submitted in partial fulfillment 
of requirenents for an advanced degree at the University of 
Arizona and is deposited in the University Library to be made 
available to borrowers under rules of the Library. 

Brief quotations from this thesis are allowable with
out special permission, provided that accurate acknowledgment 
of source is made. Requests for permission for extended quota 
tion from or reproduction of this manuscript in whole or in 
part may be granted by the head of the major department or 
the Dean of the Graduate College when in their judgment the 
proposed use of the material is in the interests of scholar
ship. In all other instances, however, permission must be 
obtained from the author. 

SIGNED 

APPROVAL BY THESIS DIRECTOR 

This thesis has been approved on the date shown below: 

J?, 
FREDERICK S. HULSE 

Professor of Anthropology 

Mac; 12 im 
j Date/ 

ii 



TABLjS OF COMTEKTS 

Page 

Title Page i 
Statement by Author ii 
Table of Contents iii 
List of Illustrations v 

Charts v 
Graphs v 
Tables v 
Figures vii 

Preface x 
Chapter X. Introduction 1 
Chapter II. The Material 10 

A. The Archaeological Background 10 
B. The Odontological and Skeletal Sample ... 21 

Chapter III. Methods 29 
Chapter IV. Tooth Wear . 43 
Chapter V. Incisor Variations 66 

1. Shovel-shaped Incisors 66 
2. Double Shovel-shape 83 
3- "Three-quarter Double Shovel-shape" 87 
4. Other Incisor Features 92 

Chapter VI. Molar Cusp Pattern 96 
A. Mandibular Molars 96 
B. Maxillary Molar Teeth 118 

Chapx-er VII. The Protostylid 132 
Chapter VIII. CarabelliTs Cusp 144 
Chapter IX. Odontometrics 158 
Chapter 1. Morphological Variations 189 

A. Supernumerary Teeth (Hyperodontia) 189 
B. Congenital Absence (Kypodontia) 203 

1. Congenital Absence of Third Molars.. 208 
2. Congenital Absence of Canine 212 
3. Congenital Absence of Premolars .... 212 
4. Congenital Absence of Incisors 214 

C. Miscellaneous Morphological Anomolies ... 222 
1. Enamelomas 222 
2. CementOmas 223 
3. Anomalous Tooth Forms 225 
4- Alveolar Resorption 227 
5- Impacted Teeth 230 

Chapter XI. Torus Mandibularis 233 
Chapter XII. Conclusions 247 

Summary 268 

iii 



Appendix A. Index of Individuals in the Point of Pines 
Population 273 
Arizona W:10:78 (Turkey Creek Pueblo) 273 
Higgins Flat Pueblo 274 
Apache Creek Pueblo 274 
Jewett Gap {GalloJ Pueblo (new Mexico F:14:l/2) .. 274 
Arizona W:l'0:37 275 
Point of Pines (Arizona W:1Q:50) 275 
Arizona W:10:51 279 
Arizona W:10:52 279 

Appendix B. Explanation of Each Symbol on Iffi Code 
Cards 281 
Master Key: Card : jf l 281 
Card #2 232 
Card #3 283 
Card #4 284 
Card #5 285 

Appendix C. Mesiodistai Crown Diameter of Point of 
Pines Permanent Dentition 287 

Appendix D. Buccolingual Crown Diameters of Point of 
Pines Permanent Dentition 288 

Appendix E. Mesiodistai and Buccolingual Crown 
Diameters of Point of Pines Deciduous Teeth 289 

Appendix F. Comparison of Early Point of Pines 
Indians with Later Generations in Mesiodistai 
Crown ^iameter 290 

Appendix G. Comparison of Early Point of Pines 
Indians with Later Generations in Buccolingual 
Crown Diameter 292 

Bibliography 294 

iv 



LIST OF ILLUSTRATIONS 

Charts 

I. Map of the Southwest showing Anasazi, Mogollon, 
and Hohokam sites in relation to Point of 
Pines 11 

II. Geographical location of sites in this 
study 11+ 

III. Sequence of phases and site occupation of 
Point of Pines Indians from A.D. 900 to 
A.D. 1450 17 

IV. Sequence illustrating the steps in data 
reduction 3K 

V. Pedigree showing the dominant inheritance of 
the varieties of lateral incisor variations ... 220 

Graphs 

I. Histogram illustrating relative degrees of 
wear for each permanent upper tooth 50 

II. Histogram illustrating relative degrees of 
wear for each permanent lower tooth 51 

Tables 

I. Total numbers of individuals excavated and re
covered from each site 25 

II. Sex of the individuals from each site 25 
III. Age of the individuals from each site 26 
IV. Degree of tooth wear in the permanent denti

tion of the Point of Pines population 48A 
V. Degree of tooth wear in the deciduous denti

tion of the Point of Pines population 52A 
VI. Comparison of the degree of tooth wear among 

various groups 54 
VII. Intrasample wear comparisons of late and early-

Point of Pines Indians 58 
VIII. Frequency of occurrence of shovel-shaped 

incisors in some non-Indian populations 75 
IX. Frequency of occurrence of shovel-shaped 

incisors in some American Indian populations .. 76 
X. Depth of the lingual sulcus (shovel-shape) 

of incisor teeth in the Point of Pines 
population. A. Permanent teeth. B. Deciduous 
teeth 80 

v 



XI. Comparison of the depth of the lingual 
sulcus (shovel-shape) of early and late 
Point of Pines Indians. A. Permanent 
incisors. B. Deciduous Incisors $2 

XII. Individuals observed to have the 
"three-quarter double shovel-shape" 
incisor form in the Point of Pines 
population 91 

XIII. Frequency of lower molar patterns of 
Point of Pines Indians 109 

XIV. Percentage distribution of occlusal 
patterns on lower first molar teeth. 
Comparison of Point of Pines Indians with 
other populations 110 

XV. Percentage distribution of occlusal patterns 
on lower second molar teeth. Comparison of 
Point of Pines Indians with other populations.. Ill 

XVI. Percentage distribution of occlusal patterns 
on lower third molar teeth. Comparison of 
Point of Pines Indians with other populations.. 114 

XVII. Percentage distribution of maxillary first 
molar patterns 115 

XVIII. Percentage distribution of maxillary second 
molar patterns 116 

XIX. Percentage distribution of maxillary third 
molar patterns 117 

XX. Frequency of deciduous lower second molar 
patterns of Point of Pines Indians 120 

XXI. Maxillary first molar pattern distribution in 
Point of Pines Indians 123 

XXIA. Maxillary second molar pattern distribution 
in Point of Pines Indians 124 

XXIt. Maxillary third molar pattern distribution in 
Point of Pines Indians 125 

XXII. Reported frequency of occurrence of the 
protostylid in various populations 138 

XXIII. Frequency of occurrence of Protostylid pits 
in Point of Pines molar teeth 140 

XXIV. Percentage distribution of Carabelli's cusp 
(all forms combined) in various populations ... 150 

XXV. Frequency of Carabelli's Cusp (all forms 
combined) in various populations 154 

XXVI. Coefficient of variation of Point of Pines 
Dentition. A. Permanent teeth 169 

XXVII. Coefficient of variation of Point of Pines 
Dentition. £. Deciduous teeth 170 

XXVIII. Comparative mean mesiodistal crown diameters 
of the permanent mandibular teeth of various 
populations. 1. Central Incisor. 2. Lateral 
Incisor 173 

vi 



XXIX. Comparative mesiodistal and buccolingual 
crown diameters of permanent mandibular 
teeth. 3- First Premolar. 4« Second 
Premolar 174 

XXX. Comparative mesiodistal and buccolingual 
crown diameters of permanent .mandibular 
molar teeth. 5- First Molar 175 

XXXI. Comparative mesiodistal and buccolingual 
crown diameters of permanent mandibular 
molar teeth. 6. Second Molar 176 

XXXII. Comparative mesiodistal.and buccolingual o 
crown diameters of permanent mandibular 
molar teeth. 7- Third Molar 177 

XXXIII. Comparative mean mesiodistal crown diameters 
of the permanent maxillary teeth of various 
populations. 1. Central Incisor 178 

XXXIV. Comparative mean mesiodistal crown diameters 
of the permanent maxillary teeth of various 
populations 179 

XXXV. Comparative mesiodistal and buccolingual 
crown diameters of permanent maxillary 
teeth 180 

XXXVI. Comparative mesiodistal and buccolingual 
crown diameters of permanent maxillary 
teeth. 4* Second premolar 181 

XXXVII. Comparative mesiodistal and buccolingual 
crown diameters of permanent maxillary 
teeth. 5* First molar 182 

XXXVI.[1. Comparative mesiodistal and buccolingual 
crown diameters of permanent maxillary 
teeth. 6. Second Molar 183 

XXXIX. Comparative mesiodistal and buccolingual 
crown diameters of permanent maxillary 
teeth. ?• Third Molar 184 

XXXX. Crown indices and crown modules for Point 
of Pines teeth. A. Permanent teeth. 
B. Deciduous teeth 187 

XXXXI. Crown modules' of lower molar teeth in 
various populations 188 

XXXXII. A Comparison of the occurrence of reported 
supernumerary teeth in various populations . . 199 

XXXXill. Percentage distribution of missing third 
molars 210 

XXXXIV. Percentage distribution of missing and 
degenerate maxillary lateral incisors 215 

XXXXV. Incidence of torus mandibularis in 
American Indian populations 241 

XXXXVI. Incidence of torus mandibularis in various 
populations. Adults. Both'sexes 242 

XXXXVII. Frequency of torus mandibularis in Point of 
Pines Indians 244 

vii 



XXXXVIII. A tabular comparison of some morphological 
uraits of the dentition between the Point 
of Pines Indians and other iwongoloid 
populations 255 

figures 

1. Illustration of the sequence of growth of a permanent 
first molar tooth, from formation of the crown cusps 
through final root formation. A. Age 6 months 2 mo. 
B. 7 Months 2 mo. G. S Months 2 months. D. 9 
months 2 mo. £.1 year 3 rno. F. 2a years 6 mo. 
G. 4 years 9 mo. H. 6g years 9 months I. £ years 
plus 37 

2. Atypical wear pattern of mandibular teeth of a 
50 year old Jewett Gap Pueblo female (?), ̂ "08$ .... 52A 

3» A standard Boley millimeter caliper gauge 
modified to allow readings of depth of the sulcus 
of incisor teeth with an accuracy of .1 
millimeter 71 

4- Incisal view of the mesial-labial ridging, or 
"three-quarter double shovel-shape" character 
found on the labial mesial aspect of incisor 
teeth in some Point of Pines Indians. A. shovel-
shape, E., C., D. three-quarter double shovel-shape 
S. double shovel-shape 89 

5. Enlarged incisal view showing the distinct mesial-
labial ridging of the three-quarter double shovel-
shape character on a maxillary central incisor 
tooth 91A 

6. Various forms of the incisor teeth found among the 
Point of Pines Indians. All show various degrees 
of shovel-shape of the lingual surface. F and G 
show a tuberculum dentale 93 

7. Types of lower molar patterns as found in Point 
of Pines Indians 106 

8. Types of upper molar patterns as found in Point 
of Pines Indians 119 

9* Illustration of the three forms of the proto-
stylid. (A) Protostylid Gusp, (B) Protostylid 
Groove, (G) Protostylid Pit, (Buccal aspect) 133 

10. X-ray view of the molar teeth of a Point of Pines 
Indian showing caries at the site of the 
protostylid pit on the buccal aspect of each tooth. 143 

11. Illustration of the three types of expression of 
Garabelli's Anomaly. A. Garabelli's Gusp. 
B. Groove. G. Pit 145A 

viii 



12. A well-developed Carabelli's cusp as found on the 
permanent maxillary left first molar of a 12 year 
old female from Turkey Greek Pueblo (Arizona 
tf:10:78) 156 

13. Supernumerary bilateral lower second premolars 
and lower left first premolar from a 23 year old 
Point of Pines Indian (male) >7166 196 

14- Photograph of a cast of the lower dentition of a 
Tucson i'Jegro youth showing a supernumerary 
bilateral first and second premolar teeth 196 

15. Occlusal view of supernumerary 4th molar tooth in 
a 16-17 year old Point of Pines male, >7124 200 

16. Lateral buccal X-ray of /the same 4'th molar as is 
pictured above 200 

17* Lateral-lingual X-ray of the sane 4^h molar as is 
pictured above p 200 

IS. Congenital absence (bilateral) of second premolars 
in a 45 year old Point of Pines male, §285 201 

19. Three molar teeth of •Point of Pines Indians show
ing enamelomas. A. fl-092, B. tfO669, C. //199 222A 

20. Two examples of cemefntorias found in Point of Pines 
Indians. A. ff335 , B. if036 224 

21. A peg-shaped left maxillary canine tooth of a 22 
year old Point of Pines male, yf135 226 

22. Barrel-shaped right maxillary lateral incisor of a 
19 year old Point of Pines female (/fl43)* ^ote 
that the right first premolar shows reversal of 
the buccai-lingual crown. The central incisors are 
typical shovel-shape 226 

23• Several examples of alveolar resorption of the 
mandible found in the Point of Pines populatio 1 ... 228 

24- Malposition of a maxillary left canine tooth which 
has erupted distal and buccal to the first premolar 
Crowding and malpositioning of teeth was found to 
rarely occur aaong the Point of Pines population .. 228 

25. A lingual view of an impacted left mandibular ; 
third molar tooth 229 

26. In this 12 year old Point of Pines female the second 
permanent premolars have erupted beneath the second 
deciduous molar teeth despite retension of the 
latter 232 

27- Buccal X-ray view of the right side 232 
28. Buccal X-ray view of the left side 232 
29* Bilateral torus mandibularis in a 30 year old 

Point of Pines male 234 
30. The end. Projectile Point Embedded in the 6th 

Thoracic Vertebra of a 26 year old female from 
Arizona W:10:78 (Turkey Creek Fueblo), f/024 272 

ix 



PREFACE 

This project was the direct result of a U.S. Public 

Health Service Predoctoral Research Fellowship, awarded 

initially by the National institute of Dental Research (DF-

7553) and renewed for a second terminal year by the National 

Institute of Mental Health (MF-7553C). Principal sponsors 

were Dr. Bertram S. Kraus (University of Washington), Dr. 

iSmil W. Haury (University of Arizona) and Dr. Albert A. 

Dahlberg (University of Chicago). 

The successful completion of most research projects 

requires extensive co-operation, support, arid competent 

advice from many diverse sources. During the course of this 

investigation interest and aid was very generously contributed 

from each of these areas. I wish to express my sincere 

appreciation for this vital aid during the tenure of this 

project to some of the many individuals who contributed to 

it. Particular recognition is due to the following. 

Dr. Albert A. Dahlberg, Research Associate in Anthro

pology and Associate Professor of the University of ChicagoTs 

Walter G. Zoller Memorial Dental Clinic, who continuously gave 

generous assistance throughout the study. Dr. Dahlberg also 

gave both use of his unsurpassed collection of dental 

literature from his personal library, as well as unpublished 

x 



data from recent studies which were of particular value in 

this study. 

Dr. Montie Furr, who contributed X-ray equipment and 

other facilities of his orthodontic office for use in this 

study o 

Dr. Errtil W. Haury, Head, Department of Anthropology, 

and Director of the Arizona State Museum, who arranged for 

laboratory workspace and was a sponsor of this project. 

Dr. Bertram S. Kraus, formerly Associate Professor 

of Anthropology at the University of Arizona, and presently 

Professor of Physical Anthropology in the School of Dentistry, 

University of Washington, who introduced me to the problems 

of human dentition and was instrumental in directing my 

interests into this area. 

Dr. Paul S. wartin, Shief Curator of Anthropology, 

Chicago" Natural History Museum, who generously loaned for 

study original skeletal materials from Apache Creek Fueblo 

and Higgins Flat: Pueblo. 

Dr. Charles H. Tweed,, Director of the Tweed Foundation 

of Orthodontic Research, under whose tutelage X was able to 

learn some clinical techniques and who gave me an insight in

to study of the dentition from a dental viewpoint. 

Alexander J. Lindsay, Jr. of the Museum of Northern 

Arizona, who allowed me to use his unpublished material con

cerning the Jewett Gap Indians. 

xi 



Arnong the many others who assisted in this study were 

Dr. William Brown (Department of Zoology, University of 

Arizona), Dr. Robert F. Telford (Tweed Foundation), Howard 

Baldwin and Dr. Robert W. Heath (Applied Research Laboratory), 

Stanley Gale and Charles W. Zaepfel (Numerical Analysis 

Laboratory), Dr. Knud Jorgensen (Royal Dental College, 

Copenhagen), Dr. Wilton M. ivrogman (University of Pennsylvania), 

Dr. Lawrence Oschinsky (national Museum of Canada, Ottawa), 

Dr. Ray O'Brien (Phoenix Area Dental Officer, USPHS), Dr. L.J. 

Lull (Phoenix Area Medical Officer, USPHS). Thanks are also 

due to Mrs. Ann Johnson and especially to Mrs. Joyce Drennen 

for-the final typing of the manuscript, and to Paul Long 

for the photographic assistance. 

My gratitude is due lo Dr. Frederick S. Hulse, Professor 

of Anthropology (University of Arizona) and major advisor 

of this project in its final phases, whose capable and 

sincere critisnis at each stage were of invaluable assistance. 

This work is dedicated co my wife, Phoebe. 

xii 



CHAPTER I. INTRODUCTION 

Objective attempts to untangle the riddles of manTs 

evolutionary past have to a large extent been dependent upon 

the physical evidence which is often presented by remains of 

the dentition. The enamel of the tooth is the hardest sub

stance of the human body and thus is most often preserved. 

As a result of this inherent ability to withstand time and 

the elements to a greater extent than osseous remains, the 

record of human change is most completely chronicled by the 

dentition. Virtually all fossil forms of known primates are 

represented by teeth, and many by teeth alone. 

Primary dental structural features and patterns re

main fixed not only for man, but for various species of 

lower vertebrates as well. If this were not so tooth preser

vation would have little meaning in regard to identification 

of the particular "type" of animal concerned. In fact, the 

relative stability of basic characters of the dentition has 

more than once enabled an experienced investigator to determine 

hominid or non-hominid status of a fossil find upon specific 

morphological criteria of the teeth alone. Teeth are some

times the only physical remains of a particular vertebrate 

available for study by the human Paleontologist. Perhaps the 
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classic example of this occurred in 1927 when Davidson Black, 

then professor of Anatomy at the University of Peking, hypo

thesized the presence of a aistinct human type, Sinanthropus 

pekinensis, upon the discovery of a single mandibular molar 

tooth. (Although the paleontologist Zdansky had previously 

found two similar teeth at Choukoutien in 1921 (Piveteau 

1957:358).) A somewhat earlier attempt to justify the 

existence of "a hitherto unknown form of the higher primates" 

(Gregory and Hellman 1923:14) in North America was also based 

upon the discovery of a single molar tooth in Nebraska. How

ever Hesperopithecus haroldcookii Osborn (Osborn 1922; Gregory 

and Hellman 1923) was doomed to failure when it was later 

found to be the molar tooth of a peccary. At the present 

time, the controversy over the status of the long-known 

Oligocene fossil Oreopithecus bambolis Gervais. stirred up 

by recent finds (Kurzeler 195&), may well be settled by the 

morphological evidence presented by the dentition. 

The advantages of tracing Man's ancestry through study 

of the dentition are not only because the durable teeth form 

the most complete record of man's existence of any physical ' 

criteria, but also because of the many morphological traits 

of teeth which are belived to be genetically determined, if 

this is so then related stocks of human populations may be 

expected to show similarities in their dental characters, and 

conversely, distinct groups of contemporary man will show 
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specific differences in their dental makeup. Structural 

details of teeth represent a complex component of the mosaic 

of population genetics, which are relatively stable as to the 

population represented. The dentition has proved a useful 

basis for establishing the hominid status of certain fossils, 

such as the Australopithecine forms, since both early and 

contemporary man share certain common traits in the structure 

of their dentitions. 

As more is known of the specific characteristics 

found in various groups of man, it should be possible to use 

the dentition as one of the criteria for the classification 

of contemporary races of man, in much the same way that the 

blood groups have indicated genetically based differences 

and similarities in various groups. However, studies of 

dentition have not yet been frequent enough in either quantity 

or quality to determine the precise extent of similarity be

tween morphologic patterns of the dentitions of related 

populations. All of the major studies in this field of 

investigation to date have repeatedly emphasized the need 

for additional basic work on specific populations. At present 

not enough useful comparative data is available to enable 

more than general statements to be made regarding the peculiar 

dental morphological features of most populations. 

From studies of dental morphology certain generaliza

tions can be made in regard to Mongoloid populations. They 
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are usually characterized by a low incidence or absence of 

Carabelli's Gusp and a -narked shovel shape of the incisors. 

A high frequency of Torus rnandibularis. a bony structure 

occurring on the lingual aspect of the Mandible, is common. 

Relatively small differences are observed between the 

mesiodistal crown diameters of the maxillary central and 

lateral incisors. The fact that these specific traits are 

found in all American Indian populations is generally 

accepted as being one of the strongest bits of evidence 

that these populations are of Mongoloid ancestry. 

Dahlberg (1949:174) describes the Indian dentition 

as consisting of "large teeth, pronounced shovel-shaped 

incisors with occasional barrel-shaped lateral incisors, 

triangular occlusal surfaces on lower first deciduous 

molars, a high incidence of three-cusped second and third 

molars, a high incidence of Y5 patterns on lower first 

permanent molars, a high percentage of grooved and five 

cusped second and third lower molars, and a low percentage 

of small Carabelli's Cusp." 

If these specific traits are genetically determined, 

we may expect their incidence to vary from one breeding 

isolate to another. A gene flow between two so-called breed

ing isolates may take place but may not be great enough to 

prevent the development of separate types. It must be kept 

in mind that it is often difficult to separate environmentally 
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caused conditions from those inherited, but we find populations 

characterized by the traits listed above living under most 

diverse environments. The characteristic pattern of the denti

tion for a Mongoloid.sub-group may consist of specific modifi

cations or the addition of other traits to the Mongoloid 

general pattern outlined above. It has yet to be established 

to what extent such patterns exist for the dentitions of 

Negroes and Whites, although studies have indicated certain 

differences are to be found within these groups (Hellman 1928; 

Hrdlicka 1911; Tratman 1950). To date Mongoloid groups have 

received the bulk of study. 

Recently excellent studies of diverse groups have 

been made to determine whether in fact population differences 

can be based accurately upon frequencies of specific dental 

traits. A recent major study of this nature was that of the 

Aleuts by Moorrees (1957:7) which had as its stated purpose 

the employment of dentition "to verify the presumed differences 

between two closely genetically related Aleut populations", 

in support of Laughlin's (1949) hypothesis that the inhabitants 

of the Aleutian Islands actually constitute two "breeding 

isolates". In other studies, Dahlberg (1947; 1949; 1950) has 

intensively studied the Pima Indians and plans future work in 

the Fertile Crescent Area. Pedersen (193^; 1941; 1947; 1949; 

1952a; 1952b) has examined both living and early Greenland 

Eskimo, Thomsen (1955) the inhabitants of Tristan da Cunha, 
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and J^rgensen (1956) has done exhaustive work on the deciduous 

teeth of Danish children. Tratman (1950) compared Indo-European 

racial stocks with Mongoloid peoples of Southeast Asia. In 

Japan extensive dentition studies have recently been completed 

by Hanihara (1954-6) Suzuki and Sakai (1953; 1954; 1955; 1956; 

1957) Kaneda (1956), Kawakami (1954), and Kikuchi (1954), 

among others. 

The present study attempts to add to this fund of 

knowledge by investigating the dental morphology of a 

particular prehistoric Southwest Indian population. The major, 

objective of this study has been to employ the methodology 

of dental morphology in a critical examination of certain 

dental traits presented by the Point of Pines Indians, to 

determine what specific knowledge could be obtained in 

respect to three problem areas: 

1. It is generally accepted as fact that the American 

Indian is primarily Mongoloid in ancestry. To what degree 

does the Point of Pines population substantiate this with 

respect to frequencies of morphological characters of the 

dentition? Can this population be characterized as a sub

group of the Mongoloid stock on this basis? Is this popula

tion unique in any respect? How can it be characterized? 

Does it appear relatively homogeneous? Is there anything 

which would indicate Caucasoid ancestry? Are there any 

features not common to other Mongoloid or Indian groups? 
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2. Archaeological evidence indicates that there was 

a migration about A.D. 1285 into the Point of Pines area. To 

what extent can any inference be made that would significantly 

support or deny this hypothesis through a study of the discrete 

morphological traits of the teeth? Can any odontological 

characters be detected in this population which would indicate 

that the supposed migration introduced dental characteristics 

distinctly different from those already present in the popula

tion, or are any suspected differences statistically insignifi

cant? Do the earlier Point of Pines Indians show any signifi

cant differences from the later Point of Pines population? 

What are their odontological relationships? 

3. What is the odontological relationship of the 

Point of Pines population to other known Indian populations? 

Is this population significantly divergent in any specific 

characteristic which would identify it? In this respect 

data were compared with that of four other types of popula

tions: a) archaeologically early Indians (Pecos, Swarts Ruin, 

Indian Knoll, Whitewater); and b) historically recent Indian 

populations (Madisonville, Wisconsin, Alabama, Florida, 

California, and various Southwest groups); c) contemporary 

southwestern Indians (Pima, Papago, Navaho, Yuma, Hopi, 

Apache); and d) other intensively studied populations with 

respect to specific characters, to indicate where the Point 

of Pines population fits in with what has been found elsewhere. 
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This investigation was restricted to a consideration 

of the following specific phenotypic morphological traits, 

generally considered to be genetically determined: mesial-

distal and lingual-buccal molar and premolar crown dimensions 

of both deciduous and permanent dentitions, mesial-distal 

measurements of incisor teeth, supernumerary cusps, the 

protostylid and its pit, groove, and cusp variations, 

Carabelli's Cusp, shovel-shaped, double shovel-shaped, and 

three-quarter double shovel-shaped incisors, peg-shape, 

dental tubercle, and barrel-shape trait of incisors, super

numerary teeth, mandibular torus, as well as congenital 

absence. Wear patterns, enamelomas and cementomas are also 

discussed although they are not considered to be genetic 

traits. 

Among the characters which were not included were 

intercuspal molar relationships, root numbers and lengths, 

pulp cavity (Taurodontism), occlusion, eruption sequence, 

and maxillary hyperostoses. Omission of the latter was due 

to lack of palatine areas in most individuals. 

This study of necessity touches upon several areas 

in varying degrees. Such an investigation must include 

consideration of genetics, population genetics, statistics,, 

physical anthropology, nutrition, cultural anthropology, 

demography, dental anthropology, (Moorrees 1957;77; Dahlberg 

195&b) archaeology, and odontological morphology. However, 
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the emphasis of this work is upon the morphological variations 

of the dentition of this population and what specific informa

tion may be contributed to a better knowledge of the Point of 

Pines population and thus of the Southwestern Indian. 



CHAPTER II. THE MATERIAL 

A. The Archaeological Background 

To the archaeologist, the area of east central 

Arizona presently occupied by the eastern uplands of the 

San Carlos Apache Indian Reservation, represents one of 

particular interest. It has only recently been relatively 

accessible, and although much of the Southwest has been at 

least surveyed by the archaeologist, it was not until 1945 

that investigation of this region was initiated by Dr. Emil 

W. Haury and Mr. E. B. Sayles. 

At this time it became evident that here was virgin 

ground for the pick and shovel which promised a rich abundance 

of material culture remains. In addition this area was in a 

favorable location for the establishment of an archaeological 

field school. But most important, this relatively unknown 

area was situated at the periphery of three cultural tradi

tions, that of the Hohokam, Mogollon, and the Anasazi, and 

represents the only known place in the Southwest where evi

dences of these three cultures are contemporaneously found. 

The problems which have been raised by evidences of contacts 

between these groups in this area are complex and thought-

provoking. Was there inter-breeding between these peoples? 

10 
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CHART I 

MAP OF THE SOUTHWEST SHOWING ANASAZI. MOGOLLON, AND HOHOKAH 
SITES, IN RELATION TO POINT OP PINES 

a = Anasazi Site P = Point of Pines Site 

h - Site m - Mogollon Site 
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What were the origins of this population and how homogeneous 

was it? Why was there such rapid abandonment of this area 

around A.D. 1450? 

In the archaeological survey of 1945 Haury and Sayles 

discovered nearly 200 ruins (Haury 1954:7)* Since that time 

11(3 sites have been located in the Arizona W:10 rectangle 

alone, an area about 15 by 18 miles, (Wasley 1957), giving 

some indication of the density of former occupation of this 

area. To date the earliest occupation found is that at the 

Cienega Site (Arizona W:10:112) which has been dated by 

radiocarbon techniques at the University of Michigan and The 

University of Arizona. While there is a discrepancy in the 

values obtained from these two sources, the earlier values 

obtained by the Arizona Carbon-14 Age Determination Laboratory 

(using the carbon-black method) are most consistent with time 

correlations with local chronology based upon pottery and 

other archaeological evidence. "The 3-assay average for the 

Cienega Creek site from the University of Arizona Laboratory 

is 4230 t 105 B.P." (Haury 1957a:24). Thus this site may 

have been used as early as B.G. 2375. Forty-seven human 

cremations were excavated, but except for two instances of 

"a single unburned chip of a tooth crown" (Haury 1957a:14) 

and occasional tooth roots, no remains were of use for this 

study. 

The region of Point of Pines is located 108 air-miles 

northeast of Tucson, and 135 miles east of Phoenix, Arizona. 
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This area ranges just under 6000 feet MSL, and the Point of 

Pines Ruin itself is on a slightly wooded elevation which 

extends onto the Prieto Park Plateau, known also as Circle 

Prairie or Big Prairie. Wendorf (1950), Wheat (1954), 

Robinson (1959), and others have covered the ecology and 

physiography of this area in detail. During the time of 

occupation, from as early as 2000 B.C. to A.D. I45O, the 

section within the vicinity of the Point of Pines Ruin 

proper apparantly offered ideally suited environmental condi

tions for settlement. Water, wood, building stone and fertile 

soilwers readily 'obtainable. 

This investigation is concerned with the odonto-

logical material available with the skeletal remains excavated 

from the following sites: Arizona W:10:50, Arizona W:10:51, 

Arizona W:10:52, Arizona W:10:47, Arizona W:10:4$, Arizona 

W:10:7$, Arizona W:10:37, and New Mexico F:l4:l (shown on 

Chart II). Skeletal remains from these sites are stored in 

the Arizona State Museum, and through the courtesy of Dr. Emil 

W. Haury, Director, this material was made available for study. 

Additional odontological material from Higgins Flat Pueblo, 

New Mexico, and Apache Creek Pueblo, New Mexico, was generously 

loaned to the author by Dr. Paul S. Martin, Chief Curator of 

Anthropology, of the Chicago Museum of Natural History. 

The Point of Pines Ruin (Arizona W:10:50), is the 

largest of these sites. Extensive work has been done at this 
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location since 1946 by the University of Arizona Archaeological 

Field School. The time of occupation of this pueblo of 

possibly $00 rooms (of which about 150 have been excavated) 

ranged from about A.D. 1250 to A.D. 1450, or from Tularosa 

through Pinedale, Canyon Creek, and Point of Pines Phases 

(Chart III). 

The Point of Pines Ruin is situated beneath three 

later pueblos identified as Arizona W:10:50A (Wasley 1952), 

completely excavated, Arizona W:10:50B (Morris 1957), partially 

excavated, and Arizona W:10:50C, which has been only tested. 

Each of these was a small village unit ranging in size from 

12 to 25 rooms. Cultural evidence indicates that these sites 

were occupied from about A.D. 1400 to A.D. 1450, and represent 

the final occupation. Morris (1957) believes that these late 

Point of Pines Phase sites were probably the result of the 

breaking up of the large Point of Pines village into smaller 

social groups. 

Among these later smaller groups is Arizona W:10:51, 

reported on by Wendorf (1950). -^his was a small 21 room 

pueblo built over chronologically late pithouses. It was 

excavated in 1946 and 1947- Two ceramic phases were in evi

dence here, a Tularosa Phase, dating from about A.D. 1150-

1250 and producing no burials, and a Point of Pines Phase 

occupied from A.D. 1400 to A.D. 1450, producing 14 burials. 
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Within a half-mile radius of this later site are 

Arizona W:10:52, Arizona W:10:l+7, and Arizona W:10:i+8, at 

which Smiley (1952) excavated 4 kivas. These kivas showed a 

distinct Anasazi influence due to "a direct similarity in 

architecture ... seen between these 4 kivas and present day 

Hopi structures" (Smiley 1952:6S). Examples of the late 

prehistoric form of the eastern pueblo rectangular type, 

all are Point of Fines Phase of A.I). 1400-1450, probably 

being used for 25 to 50 years each. 

Arizona W:10:47, also about 1 mile southwest of 

Arizona W:10:50, is a 'i-ularosa Pha's'e'site consisting of about 

40 rooms, 20 of which have been excavated (Olson, 1959). 

This site was occupied for a period of about 50 years, from 

A.D. 1175 to A.D. 1225- Ceramic and architectural renains 

indicate that these people had contact with the northern 

Anasazi people, and extensive trade (intrusive pottery) with 

eastern Hohokam. Prior to this trade had been mostly from 

the south, but at this time it appeared to shift more to 

northern elements. 

Four other 1'ularosa Phase sites were included in this 

study, Turkey Creek (Arizona W:10:?8), Higgins Flat, Apache 

Creek, and Jewett Gap or Gallo Pueblo (New Mexico F:14:l), all 

of which were occupied at a slightly earlier time level than the 

other Point of Pines sites. Turkey Creek, 3 miles north

west of Arizona W:10:50, was excavated during the summer of 
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195^. This site shows promise of producing extensive materials 

both archaeological and skeletal, and it is planned to con

centrate on this site in coming seasons. The first seasonfs 

work produced 73 burials, dating probably from A.D. 1100-1200 

(Haury 1959; personal communication). 

Higgins Flat Pueblo, New Mexico, is approximately 75 

miles northeast of Point of Pines. It is situated about 3 

miles northwest of Reserve on a small Mesa at 6,500 feet, 

which overlooks the San Francisco River Valley. A 14 room 

pueblo was erected here between A.D. 1175 and A.D. 1200, and 

after being occupied for 50 or 75 years during the Tularosa 

Phase, the Pueblo was abandoned by about A.D. 1250 or A.D. 

1275•(Martin 1956). Here 15 burials were found, all below 

the floors of rooms. 

Apache Creek Pueblo is located on a low ridge near 

the junction of the Apache Creek and Tularosa River, in the 

Apache National Forest, New Mexico. The Apache Creek-

Reserve highway was built over part of this site. Built 

in the shape of a rectangle, this pueblo was composed of 

unconnected blocks of 12-18 rooms per unit, with one plaza 

and a "subterranean structure". Apache Creek Pueblo was 

probably one story high and contained 40-50 rooms, of which 8 

we re excavated. "The evidence from the floors of the rooms 

excavated suggests that Apache Creek Pueblo was founded after 

the nuclear section of Higgins Flat Pueblo was built and 
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deserted, before Higgins Flat Pueblo was finally abandoned" 

(Martin 1957:34-) • This dates the pueblo as Middle Tularosa 

Phase or from A.D. 11.50-1200. Only 1 burial (with a pro

jectile point lodged in the left mastoid process) was found, 

along with an unassociated skull believed by Martin to be a 

trophy, and not examined by the author. 

The fifth Tularosa site included in this study, 

Jewett Gap Pueblo (New Mexico F:14:l in the Gila Pueblo 

Survey System) is located in west central hew Mexico on the 

south side of the slope between the Gallo and Fox Mountains. 

As is characteristic of the Tularosa Phase sites, location wa 

near a permanent water supply. At 8,100 feet m.s.l. this 

is a Western Yellow Pine forest area. The site consisted of 

about 25 rooms, although it also included 17 pit-kivas and 

four scattered clusters of one to four contiguous rooms. 

Sixty-three burials were recovered under the direction of 

Dr. Deric 0'Bryan, the majority excavated from trash heaps. 

This site is tentatively dated at A.D. 1100-1125, with the 

possibility of earlier occupation. 

Thus the sites included in this study consisted of 

six associated Point of Pines Phase sites (Arizona IV:10;50, 

Arizona V/:10:50A, Arizona w:10:50B, Arizona W:10:50C, 

Arizona W:10:51, Arizona wV:10:52), and five Tularosa Phase 

sites (Arizona W:10:37, Turkey Greek (Arizona vtf:10:78), 

Jewett Gap (New Mexico F:l4:l), Apache Creek Pueblo, and 

Higgins Flat Pueblo.) 
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In this investigation individuals from these sites 

have been grouped in two different ways. Initially these 

have been divided into two populations, the later Point of 

Pines population which represents a span.of some 200 years 

from A.D. 1250 to A.D. 1450, and the earlier Point of Pines 

population, which includes all the individuals recovered 

from five sites occupied during the Tularosa Phase of from 

A.D. 1150 to A.D. 1250. 'j-his temporal distinction previously 

has been the only basis for differentiating between individuals 

of these two groups. It was unknown as to whether the people 

themselves differed in any physical features. 

In this study certain statistically significant 

differences have been found in odontological morphologic 

features between these two groups. Although such differences 

were found in regard to only a few characters, they do give 

support to the hypothesis that inter-breeding existed be

tween the population of the late Point of Pines phase and an 

unknown people, i'hese unknown people must have differed in 

certain specific phenotypic features from the earlier 

Tularosa Phase people, since certain traits are found in the 

Point of Pines people which are not observed to be present 

in the Tularosa people.-

However in general there was found to be little 

difference between these two groups on a basis of the traits 

investigated. Therefore for purposes of comparison with 
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other populations both of these groups were combined into 

one "Point of Pines11 population. When traits are discussed 

in which differences were found to occur between these 

groups explicit notation to this effect is made so that no 

confusion will exist as to the composition of the group 

under discussion. In most instances the data are also given 

by site. 

B. The Qdontological and Skeletal Sample 

The teeth and associated structures from a total of 

350 individuals were examined for specific characters in 

this study. Both permanent and deciduous dentitions were 

considered, and although much loss of teeth had occurred, a 

total number of 3019 permanent teeth and 658 deciduous teeth 

were examined, representing approximately 30% of the possible 

complete dentitions of these individuals. Appendix C includes 

a detailed quantitative tabulation on how many of each type 

of tooth the sample included. 

It is believed that this sample is large enough to 

give a reliable representation of the population. Since 

this sample represents every tooi^Pcurrently physically 

available from this population, fzt could nearly be considered 

a parameter. As in every collection involving skeletal 

material the teeth appear to be most subject to loss due to 

dispossession from sockets between excavation and final 

repository. 
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It is believed that this study is based upon the 

fourth largest series of prehistoric skeletal material 

excavated from a single North American site. (Consider

ing the Point of Pines adjacent sites as one, but excluding 

the Tularosa sites.) Yet while Pecos Pueblo in New Mexico 

(Hooton 1930), Indian Knoll in Kentucky (Webb 1946) (Snow 

1946), and the Swarts Ruin of southwestern New Mexico 

(Cosgrove 1932), yielded a much greater quantity of material, 

qualitatively the Point of Pines Ruin has produced a quite 

comparable sample from which the morphological characteristics 

of the dentition may be assessed. 

A measure of this may be obtained by a critical 

quantitative examination of these three prior studies of 

the dentition of Pre Columbian American Indians. Pure numbers 

of individuals found at a site are meaningless for objective 

study if only a few scattered osseous and odontological re

mains reach the laboratory. The largest number of individuals 

excavated from a single site was the classic Pecos Pueblo 

work reported by Hooton. Of 1$23 burials encountered only 

1250 were recoverable, and of these only 441 were measureable 

(Hooton 1930)- Rihan (1930) reported on dental and ortho

dontic observations of only 289 adults, and a later supple

mentary dentition study on the morphological aspects of this 

Pecos material by Nelson (193&) was based upon only 172 

Pecos adults, which Nelson noted were all that had teeth 
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from which information could be obtained. At Indian Knoll 

much the same situation existed, due in part to the fact 

that "the human remains were unearthed by two different 

archaeological projects and at two different times" (Snow 

1946:384). "sit least" 1234 individuals 521 are 

"measurable". Howells analysis of the Swarts Ruin (Cosgroves 

1932:115) showed that of 1,009 burials found, only 8 

skeletons and 20 odd crania were saved by impregnating them 

with parafin immediately upon exposure. 

Point of Pines skeletal material follows this 

attrition pattern. However either the skeletal remains were 

in better condition or much greater care was exercised in 

its excavation, since a much greater percentage of remains 

suitable for examination was recovered than in any of the 

above populations. The 350 total individuals available are 

all that remain of 815 individuals excavated from these 

associated sites to date, including 243 cremations. Examina

tion of Chart Number IV readily shows this attrition, which 

is usually due to the chemical action on the bone caused by 

environmental soil conditions. However, many of the missing 

individuals are shown by museum records to have been infants: 

these are much more difficult to excavate due to their fragile 

nature, •'•hus it can be seen that in reality an extremely 

efficient job was done by the archaeologists in the recovery 

of this material, as compared to other sites. Since it is 



obvious that this is often all that the physical anthropolo

gist has to work with, he must depend extensively upon the 

archaeologist both for the recovery of the skeletal material 

and critical context interpretation. 

A. number of conflicting figures exist as to the 

precise composition of the series of excavated individuals 

from the Point of Pines Ruin itself (Arizona W:10:50). 

Undoubt.ably some uncertainty will always exist in this 

respect, due to multiple indexing and lost records, or box-

skeleton number discrepancies. As an aid to further work on 

the skeletal material, a listing of each individual with 

notation as to site, index number(s), sex, age, and loca

tion, as well as date excavated, is given in Appendix A. 

The Point of Pines Ruin records indicate that a total of 344 

inhumations and 24I cremations were excavated, of which vary 

ing portions of 200 burials and 72 cremations are presently 

stored in the Arizona State. Museum Annex. 

Since this study is concerned with a population repr 

sented by some 815 known individuals, 5^5 of whom were from 

the Point of Pines Kuin (Arizona vV: 10: f5 0), it is of Interest 

to speculate as to the mean population value of the latter 

site. The archaeologist often uses a rough index of 4 to 5 

individuals per room. Since this pueblo was composed of up 

to BOO rooms at its population peak, it is indicative of a 

sizable population center, even if allowance is made for usa, 
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TABLE I 

TOTAL NUMBER OP INDIVIDUALS EXCAVATED AND RECOVERED FROM EACH SITE 

SITE TOTAL NUMBER EXCAVATEI 
ACCORDING TO RECORDS 

NUMBER NOT RECOVERED 
OR NOT FOUND 

NUMBER ACTUALLY 
AVAILABLE 

Arizona: inhnmA-Mnn cremation inhumation cremation inhumation cremation 
V110:50 344 241 144 272 200 72 

Vil0i51 14 - 8 - 6 mm 

W1IO152 38 - 4 - 34 -

W«10»37 20 2 14 2 6 -

W1IO178 73 - - - 73 -

Misc. unk m unk tm 13 -

New Mexicoi 

Ftl4tl 63 - 50 - 13 m 

Higgina Flat 15 - 10 - 5 -

Apaohe Creek 2 - 1 - 1 -

TOTALS: 569 243 231 274 350 72 

TABLE II 

SEX OF THE INDIVIDUALS FROM EACH SITE 

SITE | MALE | FEMALE CHILD FETUS UNKNOWN TOTAL 

Arizona Wj10*50 50 76 38 27 16 207 

Arizona WilOi51 2 3 1 0 0 6 

Arizona W1IO152 7 9 5 1 3 25 

Arizona W»10t37 3 2 1 0 0 6 

Arizona W:10:78 16 19 16 19 3 73 

New MexLoo Ftl4»l 6 6 1 0 0 13 

Higgins Flat Pueblo 3 0 0 0 2 5 

Apache Creek Pueblo 0 0 1 0 0 1 

misc. 1 2 5 0 7 14 

Totals : 88 117 77 47 31 350 



TABLE III 

AGE OF THE IKDIVTDUA-LS FROK EACH SITS 

SITE | AGE 

Prenatal 1-12 13-17 18-25 26-30 31-40 41-50 51-60 unknown 

Arizona WtlOt50 28 23 3 47 19 24 15 10 41 

Arizona WtlO:51 0 1 0 3 1 0 0 1 0 

Arizona W»10:52 1 6 0 6 2 4 0 0 2 

Arizona WxlOt37 0 1 0 0 3 1 1 0 0 

Arizona Wtl0:78 18 14 1 2 9 10 10 3 6 

New Mexico F:l4i 1 0 
1 

1 1 5 2 1 2 1 0 

Other sites* 
0 

3 0 2 1 4 1 0 7 

* includes Higgins Flat, Apache Creek, Arizona W:10s47, Arizona Vsl3s48 
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of many of the rooms for storage purposes. Haury (1959 

personal communication) has estimated that Point of Pines 

was a population center of some 10,000 individuals. It 

appears quite likely that there were considerable numbers 

of people in this area during pre-Columbian times since, as 

has been noted, over 116 sites are currently known for the 

15 by 16 mile area of the Arizona vv:10 quadrangle. 

According to Haury only ten percent of the skeletal 

material present at Point of Pines Ruin has been excavated, 

if this is so, since 585 individuals have been encountered 

to date (including both inhumations and cremations), close 

to 6000 individuals may have inhabited this site during its 

period of occupation. However, based upon 5 individuals per 

room and utilizing all -800 rooms estimated, a maximum popula

tion figure at any one time probably did not exceed 4000 

individuals. 

Hooton has estimated a mortality rate of 3 individuals 

per 100 per year at the ̂ adisonville site (Post-Columbian). 

This is based upon the Metz sample of 521 burials with 35•2,-u 

aged 0-10 years. Assuming this to be true at the Point of 

Pines Pueblo also, where 344 inhumations and 241 cremations 

(Hohokam influence) were excavated from strata representing 

a time span of some 200 years (A.D. 1250-1450), results in 

calculation of a mean population of slightly under 200 indivi

duals at any one time period. Again, if this sariple only 
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represents ten percent of the burials, then this figure should 

actually be close to 2000 individuals, it is evident that 

the infant mortality rate must have been extremely high by 

present standards due to the great number of infants and 

fetuses recovered from this site. An increase of perhaps 30% 

added to Hootonfs figure would be more realistic. Thus a 

mean population of about 2700 individuals over the 200 years 

is estimated on this basis. Undoubtably there were popula

tion fluctuations as additions were added to the main struc

ture, or small groups broke away. Nevertheless, the effective 

breeding population would have been much smaller. 



CHAPTER III. METHODS 

"Until you have measured it, you don't know what you 
are talking about." Lord Kelvin. 

Any research undertaking which is to produce valid 

results must be carefully planned in advance. This is a 

prime reauirement of scientific study in order that the 

gathering and analysis of data be efficiently, concisely, 

and critically considered in relation to the problem under 

study. Steinhaus (1949) has defined research as "the scientific 

method of finding answers to questions". However, the re

searcher must be fully aware of what the "scientific method" 

connotes. The design of the scientific study must include 

initial definition of the area, and must delineate the scope 

of proposed investigation. From a precise statement of 

objectives and just what is to be investigated, the problem 

can be formulated on an accurate basis. With a definition of 

the problem, the next steps should logically lead to a 

determination of what data will need to be collected, the 

manner in which they will be collected, and the method by 

which they will be analyzed. Finally, the interpretation of 

the findings must be objectively considered. Too often 

"research" consists of setting out to prove a preconceived 

idea, rather than a determination of the facts based upon 

solid/, rigorous, and legitimate scientific methodology. 

29 
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The formulation of hypotheses to be tested is a 

particularly important aspect of research methodology. Often 

the result of observation, a hypothesis consists of a 

tentative idea concerning the nature or connections- of the 

observations. The assumption is that there is some order 

in nature. 

A hypothesis, which is essentially any assumption 

without proof, should be distinguished from a theory, which 

has been tested and found applicable to many related 

phenomena, and a law, which is a statement of an order or 

relation of phenomena which is invariable under the given 

conditions. 

In skeletal material particularly it is seldom 

that all the menbers of a given population are observed, so 

reliance upon generalization of the whole population depends 

upon the properties of a few individuals. Sampling in a 

living population can be stratified or random in nature, 

depending upon the type of problem involved. However, in 

an archaeological context, the sampling often represents the 

parameter as well. This involves the problem of how many 

individuals are necessary before valid statements can be 

made about the whole population which they represent. While 

there are a number of statistical treatments which, it is 

claimed, will give us this information, the point remains that 

it is seldom possible to add to a particular skeletal series. 
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The physical anthropologist has the problem of determining 

everything that he can from often meager material. 

The hypothesis that the results were due to the 

chance effects of uncontrolled variables is a null hypothesis, 

which is usually stated in a form which allows calculation of 

the probability of each possible result. Thus in comparing 

wear patterns of the individuals from the late Point of Pines 

Phase with those of the earlier Tularosa Phase, the hypothesis 

is stated that these individuals belong to a single inter

breeding population. But the hypothesis is disproved by the 

chi-square test which shows that there is a significant 

statistical difference in respect to this specific feature. 

In this study the fundamental null hypothesis is that the 

earlier Tularosa and later Point of Pines Phase individuals 

belonged to a single breeding population. Ryan (1959), in a 

recent study of statistical methods used in psychological 

research, notes the complex problems and numerous methods 

employed in population studies. Besides the hypothesis 

stated above, there must be many more possibilities. For 

example, individuals from three of the sites could be from 

one population, and seven from another, and so forth. This 

is complicated by the number of factors which must be con

sidered, and each factor, such as the trait of Carabellifs 

anomaly, requires an alternate hypothesis. In this study 

over 20 specific traits and variations of the morphological 
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structure of the teeth (and mandible in the case of torus 

mandibularis) are considered. The results of each will 

influence the major hypotheses that the Point of Pines 

Indians are a single breeding population, that they are 

typically Indian in the features studied, that they are a 

Mongoloid subgroup, and that they resemble a particular 

Southwestern contemporary Indian tribe in these features. 

Formulated as a long range project, this study was 

organized by the author into three main phases of progres

sion . 

The first stage was devoted to completing two 

objectives. An initial search of the dental literature 

was made, and it soon became obvious that much material 

would have to be obtained on inter-library loan or utiliz

ing other external sources, due to paucity of dental litera

ture in the University Library. This period was also used 

to advantage in gaining as much background as possible in 

odontological subjects and techniaues. Thus this phase of 

the study consisted mainly in background preparation and 

formulation of the problem and area of investigation. In 

this regard, studies were made on the evolution of mammalian 

dention, the evolution of the mandible, and theories concern

ing dental evolution. 

A. pilot study was conducted on a portion (87) of the 

Point of Pines skeletal collection in the spring of 195$ to 
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determine mainly whether sufficient odontological material 

had been saved for a fullscale intensive study of the 

dentition. This also served the purpose of giving a general 

quantitative idea of the condition of the dentition, since 

it was known that because of the gritty consistency of the 

diet of these people, attrition of the occlusal surfaces 

was extensive- This survey showed, however, that sufficient 

features could be accurately distinguished to warrant a 

more thorough investigation. In gaining familiarization 

with the material in this survey, it also pointed up several 

problem areas in methodology, and much time was saved in the 

major study by adapting techniques suggested here. 

Orthodontic theory and clinical techniques were 

studied during this period at the Tweed Foundation in Tucson. 

Roentgenogram methodology, extraction diagnosis, and practice in 

impression techniques was gained under the tutelage of Dr. 

Charles H. Tweed, orthodontist, and his staff. 

The second portion of this study was concerned with 

the actual gathering of the data. The material has already 

been covered in the previous section, so this discussion will 

be confined to the methodology in obtaining the data. Chart 

number IV (page 34) shows the sequence utilized in this 

collection. 

Each individual box or bag containing skeletal re

mains was carefully examined for loose teeth, as well as 
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portions of the mandible or maxilla having sockets, individual 

teeth were carefully replaced in position, and reconstruction 

of maxillary or mandibular fragments often accomplished. 

Identification was carefully noted, both as to numbers on 

the osseous material itself, and on the box or container. 

Later these numbers were checked with the file numbers in 

the skeletal records of the Arizona State Museum, and any 

additional code numbers for a particular individual were 

also noted. Due to re-indexing through the years some of 

the earlier material excavated had as many as four separate 

numbers. In most cases number correlation was possible. 

Each individual was aged and sexed. 

Aging of fetuses, infants and children was estimated 

from the state of eruption of the dentition (Suk 1919; 

Kronfeld 1935; Schour and Massler 1944; Thoma 1954; Garn et al 

1956; 1957 a; b; c; 1958, facial growth (Lindegard 1949; 

Bjork 1951j 1954; 1955), fusion of the epiphyses (Flecker 

1942; Pyle and Sontag 1943), and pelvic girdle (Reynolds 

1945; Reynolds and Asakawa 1951)* Adult ages were based 

mainly on tooth wear, ecto- and endocrancial suture closure 

(Todd 1924), epiphyseal union (Hrdlicka 1920j Stevenson 

1920: Stevenson 1924; Todd 1928; Krogman 1949; Boyd 1953; 

McKern & Stewart 1957; Stewart and Trotter 1954; Hunt 1955), 

and public symphysis maturation according to Toddfs ten 

phases (Stewart 1957:54)• 
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Sexual identification was not attempted in individuals 

while still in puberty because as Hrdlicka has noted "in sub-

adults, determination of sex is mostly hazardous" (1920:96). 

In adults most reliance was placed upon skull and pelvic 

characters. In the skull supraorbital ridges, mastoid pro

cesses, supramastoid crests, occipital ridges, the ruggedness 

of the mandible, zygomatic arches, and orbital margins were 

all examined. Among many pelvic features which aided in 

sexual identification were iliac crest and tubercles, trans

verse diameter of the pelvic inlet, symphysis pubis, greater 

sciatic notch, sacrum and sacral curve, ischial portion of 

pubic bone, acetablum, and diameter between the ischail spines. 

Washburn^s ischium-pubis index (1949) was not used due to 

the fragmentary condition of the majority of these bones. In 

addition features of the long bones supplemented this informa

tion (Martin 1928). 

A field odontological card was designed and utilized 

for the dentition information desired for each individual 

(no. 2, Chart III). This card contained index number(s), 

site, date excavated, location within the side (for example, 

under southeast floor of room 86), sex, age, and information 

and measurements on each individual tooth. In instances 

where both permanent and deciduous dentition was found, the 

deciduous data were noted in green pencil as an aid in 

keeping the two sets of information separate. Anomalous 



Fig. 1 Illustration of the secuence of 
tooth from formation of the crown crisps 
Age 6 months ( - 2 mo.), J months ( 
(D) 9 months ( - 2 mo.), (E) 1 year ( -
(G; years ( - 9 mo.), (n) 6 % years ( 

growth of a permanent first molar 
^hrough final root maturation.(A^ 
- 2 mo.), (C) 8 months ( - 2 mo.), 
2 mo.), (]?) 2 years ( - 6 mo.), 
- 9 mo.), (l) 8 years -r.  
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conditions were underlined in red, and the tooth position 

also circled in red. 

After each individuals dentition had been examined 

and measurements completed and noted on the odontological 

field card, the osseous material was returned to its con

tainer and reshelved in its proper position. However, all 

the dental remains for each individual were carefully tagged 

(by number, sex, age, site) and put in open trays which 

were separately shelved together. This afforded easy access 

when it was desired to re-examine particular specimens, or 

to take photographs or X-rays. A second label, in addition 

to the identification put in the tray with each specimen, 

was tacked to the outside of the tray giving identification 

of the contents. This second outside tag also noted any 

anomalies found and had underlined in red any features to be 

photographed or X-rayed. 

Measurements were taken on crowns of buccal-lingual 

aspect of molars and premolars, mesial-distal measurements 

were taken on molars, premolars, and incisors, and the depth 

of the shovel-shape character of incisors was also measured. 

These measurements were all taken utilizing a Boley Milli

meter Caliper Guage which was graduated on one side of the 

beam and fitted with a vernier reading scale. A German 

instrument by Dixon, it enabled measurements with an accuracy 

of .1 millimeter to be made. In addition, this instrument 
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was specially modified according to the recommendations of 

Dahlberg and Mikkelsen (1946) to allow extremely accurate 

objective measure of the incisal lingual fossa. 

Photography was done by Paul Long, using a 35 MM 

Argus model C-4 with portrait lens, and a 4 x 5 speed graphic 

for pictures of larger objects such as skulls. 

Roentgenograms were made by the author, utilizing 

the facilities of the roentgenographs laboratory of Dr. 

Montie Furr. X-rays were taken with a machine which allowed 

excellent flexibility. Distances and angles were kept as 

nearly uniform as possible to reduce distortion error for 

comparison purposes. Negatives were developed 4-5 minutes 

in Kodak Liquid X-ray Developer, washed, and then fixed for 

5-10 minutes in Kodak Liquid X-ray fixer. Exposures were 

from 2/5 to 3/5 seconds, depending on tooth position. 

The generous loan of a Contura (Ludwig Co.) Research 

Model Photo-copier by Dr. Albert A. Dahlberg of the University 

of Chicago, enabled the author to obtain copies of many out-

of-print and restricted foreign publications from Dr. Dahlberg' 

private Library, and greatly widened the scope of reference 

material drawn upon. 

The University of Chicago plaster tooth models, 

("Materials for the Establishment of Standards for Classifi

cations of Tooth Characters, Attributes, and Techniaues in 

Morphological Studies of the Dentition"), formed a critical 
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standard base to aid in uniformity of phenotypic expression. 

A set of these casts was also given to the author by Dr. 

Dahlberg and proved particularly useful in this study. 

As an aid to aging prenatal and younger children of 

this sample, the Schour and Massler University of Illinois 

"Development of the Human Dentition" eruption sequence 

chart was employed. This, like the Zoller Laboratory dental 

morphology casts, offered a clear basis for identification. 

It is, of course, realized that such criteria based upon U.S. 

White children may not necessarily apply to Southwestern 

Indian children of 700-1000 years ago. 

According to Hrdlicka (1930), Southwestern Indians 

he studied between 1898 and 1910 showed an earlier tooth 

eruption sequence than was found in Whites. He also noted 

that Indians tended to mature earlier and age more rapidly 

than White. However Meredith (1958) has shown that there 

may not be more than 1 month difference in eruption between 

Korean and American White deciduous incisors. Rihan (Hooton 

1930:371) has noted various stages of dental development in 

the Pecos Indians, but it is difficult to compare his stages 

on a precise time level. At least in one respect the Pecos 

Indians had slower development than modern Whites and Koreans 

(Yun 1957). Rihan notes that at "age 12-13 years the 

temporary second molars are still present," but according to 

Schour and Massler (1944) these are generally lost by age 11. 
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The Point of Pines Indians may correspond to the Pecos Indians 

in thus having a slower eruption sequence. One individual, 

#321, a'12 year old female (age substantiated by Dr. Furr) was 

found in the Point of Pines series, upon X-ray examination, 

to have the second mandibular premolar erupted beneath the 

crowns of the deciduous second molar. This also occurs in 

White populations. 

However, the Schour and Massler eruption schedules 

offered a distinct advantage in aging in that each member of 

the younger group is aged uniformly in respect to each other. 

Thus relative age comparisons within the population sample 

may be accomplished with confidence in their reliability. 

The information on each individual 4x6 odontological 

field card was transferred to 6 x 8 data cards (No. 3, Chart 

III). These data were typed on so that each figure was 

clearly legible, to aid in error reduction. Position of 

comparable information was in identical positions on each 

card for uniformity. This uniformity and clarity facilitated 

a second transfer of the information to large numerical 

analysis sheets. 

All required items of information concerning each 

individual were coded in accordance with the coding procedures 

p r e s e n t e d  i n  d e t a i l  i n  A p p e n d i x  B .  T h e  d a t a  f r o m  t h e  6 x 8  

data cards were carefully transferred to the large numerical 

analysis sheets, and each sheet was checked for accuracy 

twice. 
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Keypunch operators next punched this information from 

the large sheets onto IBM data cards. Each card was verified 

by a second operator. This totaled from 2&0 to 400 columns 

on IBM punch cards. Each individuals data required I), or 5 

IBM cards. 

A program was constructed for the IBM 650 which 

would reduce the mass of measurements and information into a 

more manageable form, and which would facilitate further 

analysis. Other information was obtained from the punch 

cards by utilizing the tabulator, and the sorter, as well 

as a Monroe desk calculator, and Olivetti desk calculator. 

Means, standard deviations, standard error, range, minimum 

and maximum values were found for each set. 

Analysis of these data indicated several areas where 

further information was desired; one such area being the un

expected discovery of an entirely new dental character, the 

"three-quarter double-shovel shape" trait. Until this initial 

breakdown of the material was completed it was not known with 

any degree of accuracy just what had been found or what com

prised the characteristics of the Point of Pines dentition. 

This reduction of the data and their analysis constituted 

the third phase of this study. 



CHAPTER IV, TOOTH WEAR 

The attrition of the teeth, while not a genetic 

factor as such, should nevertheless be carefully considered 

in any study of dental conditions in a population. Among 

primitive peoples in particular, tooth wear is often of an 

extreme nature, and the respective roles of inheritance 

and environmental factors are not clear, Wear in the Point 

of Pines dentition was an important factor in the analysis 

of the dental traits, since it made a determination of molar 

cusp patterns, odontometrics, and the presence of other 

features in many instances impossible. Extensive wear of 

the incisal and occlusal surface of the teeth was probably 

the most effective limiting factor in this study. In most 

cases an adequate sample of each type of tooth was available 

for study, however wear often made the tooth valueless for 

obtaining accurate information concerning a specific trait. 

Criteria for the determination of age in man which 

are based upon contemporary White standards are not applicable 

for such utilization among Prehistoric Indian populations. 

While modern teeth from civilized areas generally show only 

gradual wear, succumbing much more prevalently to carious 

conditions, in the Point of Pines population wear was evident 

even among the deciduous teeth. This indicated that a five 

43 
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year period could produce the equivalent wear of 20 to 25 

years in the modern White individual. Another relatively 

accurate measurement of this rapid wear could be judged from 

examination of the first permanent molar, associated with 

such temporal landmarks as the eruption of the second and 

third permanent molars. It was not uncommon to find in 

this twelve year period the cusps completely worn and 

dentin (secondary) visible. Wear criteria based upon this 

type of observation was believed to be more reliable in 

aging the adult Point of Pines individuals than the use of 

White standards. 

The loss of coronal structure is often due in modern 

peoples to attrition or friction of the teeth due to contact 

with each other. A combination of factors is usually involved 

in such tooth wear and may include hardness of the teeth, 

masticatory usage, condition of the osseous support and perio

dontal tissues, as well as the tonus of the jaw musculature. 

However, in the prehistoric peoples of the Southwest associated 

with an agricultural subsistence, wear is caused mainly by 

forces of abrasion. This abrasion was caused not so much by 

the coarse food eaten by the Point of Pines people, which was 

largely maize, but from grit from their grinding stones. As 

a result of this "metate flavoring" extensive wear of the 

occlusal surfaces of the molars and premolars, and incisal 

surfaces of the incisors and canines is characteristic. 
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Early classifications of tooth wear depended upon 

often nebulously defined categories, which makes later 

comparisons difficult. Lasker (1945) employed the terms 

"absent", "submedium", "medium", "pronounced", "very pro

nounced". Gabel (1949) combined these terms into three 

categories: "absent and submedium", "medium", "pronounced 

and very pronounced". Hooton (1920) used the terminology 

"None", "submedium", "medium", "pronounced", in classifying 

the degree of wear in Madisonville Indians. Rihan (Hooton 

1930) used.the terms "slight", "medium", "pronounced","very 

pronounced". Goldstein (1948) used "slight", "moderate", 

"medium", "pronounced", and Nesbitt (1938), in describing 

wear in the Mimbres dentition at Starkweather Ruin used the 

categories "slight", "medium", "much", "extreme". 

The system of Broca (1879) has generally been followed 

in the recent literature (Leigh 1925; Goldstein 1932) and is 

based upon the following categories: 0, no wear; 1, no dentin 

visible, cusps distinct, only enamel worn; 2, dentin visible, 

forming one or more spots of darker color than the surround

ing white enamel; 3, a part of the tooth has been worn away; 

and 4, the crown completely worn to cemento-enamel junction 

at the cervix of the tooth. Moorrees (1957) modified Broca's 

classification slightly, also using a four degree criterion. 

In this study Moorreesf method was in general followed 

using five categories of tooth condition and applying to both 
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the occlusal or incisal surfaces of the teeth: 0, no wear; 1, 

slight wear of the cusps or incisal surface; 2, cusps or 

incisal surface showing considerable wear, but not to dentin; 

3, cusps completely worn smooth, hollow indentations; 4, 

one-half to nearly complete loss of the crown. In addition 

it is believed that still another category would be justified 

in classifying primitive tooth wear, particularly in this 

population at Point of Pines. A number of instances were 

found where the teeth were worn even more extensively than 

in category U• In fact, occasionally wear extended to the 

gingival border, resulting in little more than a portion of 

the root remaining. However this latter category was not 

employed in this investigation mainly because it would 

complicate comparison with prior studies. 

The major difficulty in interpretation of usages in 

the literature is one of definition. The criteria for each 

category of wear pattern, which is explicitly explained as 

to use by an author (as Moorrees has done), is obviously 

more valuable for comparative purposes than is a descriptive 

term which has not been defined by that specific author. One 

may think that he knows what an author means when he states 

that a tooth shows "moderate" wear, but it is apparant that 

no two people can accurately classify the wear patterns of 

the same odontological material on such a basis. The 

distinction between what constitutes "medium" and "moderate" 
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wear, as used by different authors, will certainly remain 

unknown in many cases. 

Abrasive wear in the Point of Pines population reflects 

the age differences in respect to the length of time that a 

specific tooth has been in use. Time of tooth eruption in 

most cases correlates directly with wear, particularly in the 

molar teeth. Thus there is always a higher percentage of 

first molar teeth in the "4" category (showing loss of at 

least l/2 of the crown), than in second molar teeth. 

Similarly there is always a higher percentage of second 

molar teeth in the "4" category than third molars, which 

have been in the mouth the shortest time. Since the first 

permanent molar has been erupted approximately 12 years 

longer than the third molar, and the second molar has been 

erupted about 6 years longer than the third molar, this 

relationship is to be expected. Examination of the percent

ages of permanent molar teeth in this category "4", of most 

extensive wear, show this progressive trend: about 37% of 

both upper and lower first molars, 28% of lower and 25% of 

upper second molars, and only 15% of lower and 17% of upper 

third molars. J,his differential not only reflects the length 

of time involved, but is also indicative of the rapid wear 

which occurred in the teeth of these individuals. 

Although there appears to be a slight inconsistency 

in that both lower and upper molar teeth have a lower 
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percentage of teeth in the no wear "O" category than the 

first molar, when categories "0" and "l" are combined, the 

general trend of more extensive wear in the first molar 

teeth and least in the third molar becomes apparent. 

The lower canine teeth show more extensive wear 

than the upper canines. About 62% of the lower canines are 

in category "3" and "4", while only 49% of the upper canines 

show this degree of wear. 24$ of the upper canines show no 

(0) or only slight (l) wear, while 18% of the lower canines 

are in these two categories. 

In regard to incisal wear, again the mandibular 

teeth show relatively more wear than the maxillary, having 

nearly 50% more teeth in the extreme wear category "4", and 

one-third less teeth in the "0" and "1" combined categories 

of no or slight wear. Comparison of upper lateral and 

central incisors with their lower incisal mates show that 

in the upper incisors the central incisors have a slightly 

higher percentage of teeth showing no (0) wear than do the 

laterals. The central incisors also have a slightly higher 

percentage (22% vs. 19%) than the lateral incisors in the 

"0" and "1" no or slight v/ear categories. In addition, a 

higher frequency (61% vs. 57$) of lateral incisal teeth 

show extreme (3 and 4) classifications of wear. 

The first upper premolar in general has about 6$ 

more teeth in the no or little wear categories than the lower. 



TABLE IV 

DEGREE OF TQCTH WEAR IN TEE PERMANENT DENTITION 

OF THE POINT OF PINES POPULATION 

Degree of] 

VftftT • 
Tooth 

fo 
Ko Mi 

no.j fo 
PMo 

no.j T 
m-

sr 
/° TT 

n 
no, no no. no. 

10 Upper 

Lower 

58 29.7 

45 29.1 

34 19.0 

28 15.4 

56 25.8 

35 17.2 

22 20.2 

26 11.3 

28 14.3 

20 8.6 

18 10.3 

13 5.9 

14 10.6 

9 5.1 

17 15.6 

9 6.8 

Upper 

Lower 

28 24.8 

33 21.3 

30 16.8 

24 13.2 

14 6.5 

13 6.4 

21 11.2 

41 17.7 

33 16.8 

46 19.8 

25 14.4 

26 11.7 

26 19.8 

29 16.5 

20 18.3 

16 12.0 

Upper 

Lower 

18 15.9 
31 20.0 

34 19.0 

39 21.4 

27 12.4 

39 19.1 

26 13.8 

47 20.3 

21 10.7 

55 23.7 

29 16.7 

44 19.8 

26 19.7 

31 17.6 

19 17.4 

32 24.1 

Upper 

Lover 

10 8.8 

23 14.8 

36 20.1 

41 22.5 

39 18.0 
42 20.6 

32 17.0 

37 16.0 

25 12.8 

32 13.8 

30 17.2 

43 19.4 

17 12.9 

30 17.0 

17 15.6 

21 15.8 

4 Upper 

Lower 

19 16.8 

23 14.8 

45 25.1 

50 27.5 

81 37.3 

75 36.8 i 

87 46.3 

80 34.71 

89 38.4 

79 34.1 

72 32.4 

96 43.2 

49 27.8 

77 43.8 

36 27.1 

55 41.4 

Totals 

Upper 

Lower 

113 

155 

179 

182 

217 

204 

188 

231 

196 

232 

174 

222 

132 

176 

109 

133 
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However the second upper premolar, which has about 13% more 

teeth in the extreme classification than the first, also 

shows more wear than either of the lower premolars. Other

wise, both upper premolars and both lower premolars have 

closely corresponding percentages of wear. 

In general the third molar tooth of the Point of 

Pines population is in the best condition, 55$ of the uppers 

and 50% of the lowers being in class "0" or "1". J"his may 

be due to the smaller size of the third molar and the fact 

that it often does not erupt to the occlusal plane. Impac

tion may be another factor, as well as the fact that many 

third molars were examined in children and adolescents in 

which it had not yet erupted in life. Approximately 37% of 

the molars are in class "0" or "1", while only 26.5% of the 

incisors and 21% of the canines were so classed. 

The lower canine tooth shows the highest degree of 

wear in the Point of Pines population, 62% being in class 

"3" and "4"> followed by the lower lateral incisor (61%). 

The accompanying histograph (Graph I) shows the relationship 

between degrees of tooth wear of these teeth. 

In general the deciduous teeth are in excellent con

dition. They show much less wear than do the permanent 

teeth, mainly due to the much shorter time that these teeth 

were exposed to abrasive forces. This is somewhat reflected 

by the incisal group which are the first to erupt, and the 
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deciduous second molar which may be in occlusion about 8 

years, both of which have a large number of teeth showing 

various degrees of wear. 

The degree of wear of ,^U9 deciduous teeth was investi

gated, 189 of which were maxillary, and 220 mandibular teeth. 

•These consisted of, (Uppers) 36 second molars, U± first molars, 

2$ canines, 33 lateral incisors, 51 central incisors; (Lowers) 

57 second molars, 52 first molars, 45 canines, 27 lateral 

incisors, and 39 central incisors, Wear of the deciduous 

teeth progressed more rapidly than occurs in contemporary 

White populations (Jorgensen 1955), however the deciduous 

teeth of the Point of Pines children showed considerably 

less wear than was found in the permanent dentition. 78% of 

maxillary and &Q% of mandibular deciduous teeth were in the 

"0" (no wear) classification, and 90/; of the maxillary and 

91.2/,; of the mandibular deciduous teeth were in category "0" 

or "1". 

A wear pattern quite atypical of the Point of Pines 

Indians was observed on the lower dentition of one 50 year 

old female (?) from Jewett Gap Pueblo, ;/085- Figure I shows 

a frontal view of this mandible and the distinctive grooves 

worn on the incisal edge of the incisors and one canine. 

This is suggestive of habitual usage of the teeth in some 

activity such as pipe smoking which caused concentrated wear 

in the dentition. Unfortunately the upper 
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DEGREE 0? TOQTIi WEAR IN TIE DECIDUOUS DENTITION 
of til: point of pine:; imdiaih; 

Amount 0: 
Wear *2 . »1 

f rooth 
c 12 ^ . 

J10. 7° no* 7° tta. ft6. 7° no. 

upper 
n 

31 86.1 34 03.0 20 71.4 24 12.1 40 7e.4 

lower 51 89.5 46 88.5 35 77.8 20 74.1 21 69.2 

upper 3 80 5 12.2 5 17.5 6 18.2 1 2.0 

^ lower 1 1.8 2 3.8 6 13.3 6 OO 1 6 15.^ 
upper 0 - 0 - 1 3.6 1 3.0 8 15.7 

2 
lower 3 5.3 2 3.8 4 8.9 0 - 3 7.6 
upper 0 - 2 4.3 1 3.6 2 6.1 2 3.9 

^ lower 1 1.8 2 
00 •
 

N~
\ 

0 a* 1 5.0 3 7.6 
upper 

lower 

2 5.6 0 - 1 3.6 0 - 0 -upper 

lower 1 1.8 0 - 0 - 0 - 0 -

Totals: 
upper 36 4l 28 33 51 189 
lower 57 52 45 27 39 220 

—Total 1 409 
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Female (?), ,tt)05. 



53 

teeth were not available for comparison. l)io other Point of 

Pines Indians were found to have teeth worn in this manner. 

It is quite difficult to make realistic comparisons 

between the relative degree of tooth wear of the Point of 

Pines Indians and other groups. There are several reasons 

for this. In the first place, as mentioned above, nearly 

every author has his own system of classification of degree 

of wear. An even greater difficulty is that the groupings 

of individuals used by different authors differs, as well. 

Some authors divide specific groups up by sex, others by age, 

and others by such criteria as associated pottery or 

archeological level. A major obstacle in any such compara

tive attempt is that if the ages of the individuals of the 

groups are not comparable (and they generally are not, as 

in the Point of Pines population considerably more children 

are represented) the results may lead to false inferences. 

Older individuals invariably will have a relatively higher 

degree of wear in their teeth, and studies composed mainly 

of adults will reflect this age factor. 

In Table VI several such comparisons have been made 

on the basis of information given in the literature, but any 

conclusions must be cautiously drawn as the comparable 

aspects of the data are not reliable. 

Both the Eskimo (Pedersen 1949) and Aleuts (Moorrees 

1957) showed marked degrees of tooth wear which is explained 



TABLE 71 

COMPARISON OP THE DEGREE OP TOOTH WEAR AMONG VARIOUS GROUPS 

POPULATION TOTAL WEAR CATEGORY SOURCE 
TKWi'H 0 and £ 2 3 4 

N * N fo N ef /° N 1° 

Early Point 
of Pinea* 412 87 21.1 48 11.7 68 16.5 209 50.7 present study 

Point of 
Pines** 2832 837 29.6 518 18.3 465 16.4 1012 35.7 present study 

Point of 
Pines*** 409 369 90.4 22 5.4 14 3.4 4 1.0 present study 

Pecos Males 139 20 14.4 47 33.8 53 41.0 19 13.7 Hooton, 1950 

Peoos Female 106 
• 

26 24.5 37 34.9 29 27.4 14 13.2 Hooton, 1930 

Texas Indian 
Males 1 196 5.1 24.5 35.2 35.2 Goldstein,1948 

1 
Texas Indian 

Females 1 174 10.3 36.2 29.9 23.6 Goldstein, 1948 

American 
Chinese 271 140 51.7 83 30.6 36 13.3 12 4.4 Lasker, 1945 

Starkweather 22 5 22.7 6 27.3 7 31.8 4 18.2 Nesbitt, 1938 

Aleuts 69 50 72.4 10 14.4 7 10.1 2 2.9 Moorrees, 1957 

Madisonville 
Indians (males) 

Madisonvi.lJ.e 
1 Indians (females 

64.26 !"subn ledium' 11.9 "pronounced" Hooton, 1920 
Madisonville 
Indians (males) 

Madisonvi.lJ.e 
1 Indians (females • 55.0 "submedium' *0 ̂"pronounced" Hooton, 1920 

* Tularosa Indians only ** Early and LatePo^it of Pines Indians 
*** Deciduous dentition only 
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by the masticatory habit of chewing tobacco and hides, 

although there is some doubt as to the degree to which the 

chemicals in these substances act upon the tissue. Lasker 

(1945), in his studies of the Chinese, noted that regional 

differences in the amounts of grit in the food of various 

areas probably accounted for the wear differences which he 

found. Leigh notes that "the silicious covering of the 

kernal" (of corn) has an abrasive effect on teeth. Kuffer 

(19251180) found that Egyptian teeth had extreme attrition 

"doubtless due to food". Flour made from bearded wheat or 

barley was ground between two stones or pounded in a mortar. 

Ruffer added, "the pounding in a mortar or the grinding be

tween stones detached many fine stone particles... chewed every 

day did not improve the crowns of the teeth. The teeth of 

soldiers for instance must have been severely tried by their 

daily ration of four pounds of bread". (1920:354) Goldstein 

(1948) found much more attrition in the teeth among the Texas 

Indians than Hooton (1930) had found among the Pecos, catagory 

"3" and "4" ("medium and pronounced") being typical of the Texas 

Indian. Goldstein (1932:67) also noted an interesting differ

ence between wear in the Eskimo and Texas Indian teeth. In 

the former "teeth are commonly worn to the gum before the 

pulp cavity is exposed", while in the Texas Indian the pulp 

cavity was exposed early, with much of the tooth still remain

ing. This he attributed to the lack of extensive development 



of secondary dentin by the Texans. Although this condition 

was observed in Point of Pines Indians, it was not usual 

among them. In this respect the Point of Pines Indians more 

closely resembled the Eskimo. In most populations the wear

ing of the teeth progresses slowly enough so that the pulp 

is able to protect itself by the formation of new dentin. 

The mechanism of this dentin proliferation and the physio-

chemical process responsible for producing it are unknown. 

Rabkin (1943:361) noted in studying the Prehistoric 

Kentucky Indians that excessive tooth wear occurred in these 

people "due to the continued presence of abrasives or grit 

in the food". However, in the prehistoric Kentucky Indians 

Rabkin observed that the degree of wear does not always 

correspond with age; that some individuals appeared more 

susceptible to wear than others of the same age. Several 

examples of this were also observed in the Point of Pines 

population, in which good dentitions, showing only minor 

wear, were found. All females, these included three individuals 

from Arizona W*:10:50, #236 (age 23), #301 (age 18 9 mo.), and 

#229 (age 15), and one 25 year old female, #334* from Arizona 

W:10:52. Individual differences of this type could be due to 

relative hardness of the teeth, masticatory habits, or 

possibly some cultural distinction in usage of the teeth 

(since these all happen to be females) based upon a sexual 

division of labor or a taboo. 



57 

Among 285 prehistoric Wisconsin Indians Fisher (1931J 

found that tooth wear was only "moderate". This was attributed 

by him to the fact that the foods in use there were only 

moderately abrasive, and the methods of preparing them intro

duced little foreign material into the food, which was often 

cooked in pots. Meat was the main staple, but maize, squashes, 

beans, supplemented by nuts, roots, and berries. The use of 

the stone mortar for grinding was not common here, and no 

tobacco or deleterious narcotics were used. The only in

jurious mechanical usages of the teeth among these Indians 

evidently were to flatten quills (used in embroidery), strip 

bark and fiber, and chew hides. 

Chappel (1927*255) found that among ancient Hawaiians 

the teeth were in excellent condition. In this environment 

the diet was abundant with fish, fowl, dogs, taro, yams, 

coconuts, bananas, breadfruit and seaweed. 

Probably the most valid comparison of tooth wear may 

be made within the sample itself. As is shown in Table VII, 

the degree of tooth wear in each catagory is shown for 

populations of the three late Point of Pines sites and six 

early Point of Pines (Tularosa Phase) sites. Such a compari

son is considerably more reliable than utilizing data of 

other authors, because (1), any personal bias involved in 

placement of teeth into the various degrees of tooth wear 

catagories will probably be consistently in the same direction, 



TABLE VII 

IHTRAS AMPLE WEAR COMPARISONS OF LATE AMP 
EARLY POINT OF PIKES INDIANS 

SITES DEGREE OF WEAR 
0 

No.* io 
1 

No. 
2 

No. 5S No. 1 % No. 
r— 
. 1o Totals 

A. Early Point of Pines 

Arizona WilO:50 208 12.8 246 15.2 315 19.4 325 20.1 526 32.5 1620 

Arizona W:10:51 22 37.3 6 10.2 5 8.5 4 6.8 22 37.3 59 

Arizona V:10:52 125 25.8 90 18.9 76 15.9 67 14.0 121 25.4 477 

Totals: 355 16.4 342 15.9 396 lb.4 396 18.4 669 31.0 2156 

B. Late Point of Pines 

Arizona W:10:78 47 11.4 40 9.7 48 n.7 68 16.5 209 50.7 412 

Higgins Flat and 
Apache Creek 6 10.3 5 8.6 15 25.8 9 15.5 23 39.7 58 

Arizona Wil0:37 3 4.1 9 12.2 12 16.2 7 9.4 43 58.1 74 

Jevett Gap Pueblo 14 9.5 29 19.6 38 25.7 19 12.8 4a 32.4 148 

Totalst 70 10.1 83 11.9 113 1 16.2 
r 

103 14.8 323 46.4 692 
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since both groups were classified by the same individual, and 

(2), proportionately equal numbers of children (having corres

pondingly less tooth wear) are in each group. About 31+% of both 

the Early Point of Pines and Late Point of Pines samples are 

composed of children under age 18. 

Inspection reveals that the Earlier population has 

a much higher proportion of teeth in the more severe wear 

catagories. 6lfo of all Early Point of Pines teeth are in 

catagory "3" and "4", llai° in catagories "2" through ttl+n, 

while only 1^.8% of the Late Point of Pines teeth are in 

catagories "3" and "4". However, nearly one-third of the 

later population have teeth (32.3%J which are in the no wear 

or slight wear catagories of "0" and "1", as opposed to 22% 

of the Early teeth in these catagories. •'•his is of particular 

interest because of the fact that there are almost exactly 

equal proportions of children under age 18 in both groups, thus 

the most obvious factor in such a situation -age - may not be 

a factor here. 

Applying the Chi Square test for Goodness of Fit to 

these two groups results in a Probability much less than 

.001 (X^ = 60.6&; DF 4). This indicates that there is a 

significant statistical difference in the degree of tooth 

wear between the Early and Late Point of Pines populations, 

since this would occur less than 1 time in 1000 by chance 

alone. 
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The explanation for this phenomenon has not been 

found. Both groups of Indians prepared their food in 

similar fashion, using stone metates which left grit in the 

dough. This explains the extreme tooth wear among these 

peoples but does not indicate why there should be differences 

in tooth wear between them. Examination of metates from both 

groups of sites reveals that they were both made from similar 

materials. These were chiefly besalt, sandstone, quartzite, 

scoria, felsite, tuff, and limestone (Wendorf 1950:56: 

Morris 1957; Olson 1959; unpublished data). Little dif

ference in the proportions of grit that might have been 

chipped off from these types appears likely, although their 

respective grinding qualities on teeth is unknown. 

One explanation that comes to mind of course is that 

there was a difference in the inherent hardness of the teeth 

of each group. Thus the relatively severe wear of the Tula-

rosa individuals' dentition might be due to the fact that 

their teeth were more easily worn due to softer enamel 

properties. This is provacative in that improbably involves 

a difference in the genetic mechanism causing tooth hard

ness. We have as yet, unfortunately, no means of demonstrat

ing that this is so, nor is the mode of inheritance of any 

such genetic mechanism demonstrable. 

Another way in which this relative difference in tooth 

wear might appear is in the particular types and numbers of 
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teeth in each sample. It has been shown that in both groups 

of individuals,Early and Late Point of Pines Indians, mandi

bular teeth receive more wear than uppers. Certain teeth 

like the lower canine, lateral incisor, or first molar re

ceive proportionately more wear than other teeth. If the 

relative numbers of these particular teeth were greater in 

the Early sample it could skew the results, and indicate 

more wear for the dentition as a whole. The basis for com

parison would thus be different. Rechecking the data, how

ever, does not bear this out. Until adequate proof is shown 

for the reason for this very definite difference in tooth 

wear between these two Indian groups all that can be noted 

at present is that this difference exists. 

While a consideration of dental decay was not a 

purpose of this study, it is of interest to note that dental 

caries in this population were found to be much rarer than 

in the modern White population. Although the dentition of 

these Point of Pines individuals superficially appear to be 

in a much worse state of health than is encountered in present 

White society, closer inspection of these teeth reveals that 

wear is the chief factor of this appearance, and that while 

occasional instances of extremely carious conditions are to 

be found, they are the exception. 

As was pointed out by Rabkin (1941), many authors, 

particularly the non-clinician, tend to classify the poor 
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appearance of dental conditions among prehistoric people, as 

entirely due to the high incidence of caries. More critical 

examinations tend to support Rabkin's viewpoint that this is 

not the case. Wilberforce Smith (London) (1894:40) examined 

the teeth of ten Sioux Indians who had accompanied "Buffalo 

Bill" Cody to England, and reported "the perfection of these 

teeth was almost startling to one accustomed only to daily 

observation of mouths in a modern civilized community", in 

general early man shows evidence of very little dental decay. 

For example, although the teeth of Gibraltar Kan are exten

sively worn, "there is no sign of any decay" according to 

Hrdlicka (1930:165)- However, there are exceptions, one of 

which is represented by Khodesian Man, in whom Hrdlicka 

(1930:126) notes that at least 9 teeth showed advanced decay. 

Schultz (1934:578) notes that caries are quite rare in some 

primates such as gorillas, but frequent in chimpanzees and 

orangutans. 

In the Southwest, dental decay in Pre-Columbian indi

viduals is not common. Cross (1932) in examining prehistoric 

Pueblo teeth, found only 4 teeth in 2 jaws that had been 

carious, out of 383 teeth. i\lelsen (1938:291) found that 

"although of the Pecos dentitions are affected by caries, 

the actual number of teeth involved is usually not great. 

Decay is usually confined to the occlusal and interproximal 

surfaces of the teeth. Interproximal caries in the anterior 

and cervical (smooth surface) decay are practically never 
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found in the Pecos Indians". Hooton (1930*373) also had 

noted that in the Pecos Indians 52.1%, or 137 individuals, 

had a complete absence of any caries. Leigh (1925:189) simil

arly found in 83 prehistoric crania from Indian Knoll "not a 

single case of pulp exposure with resultant abcess produced 

by dental caries". 

Among modern Southwestern Indians, Gabel (1949) has 

found a striking contrast between Papago teeth in this 

respect, and those of Zuni, Hopi, or Navaho. While only 30 

individuals (13%) out of 218 Papago were free of caries, in 

the Zuni 252 (72.6^) out of 347 were caries free, 211 {75*9%) 

of 278 Hopi were caries free, and 211 (86.1+%) of 125 Navaho 

had no caries. Gabel believes this may be due in part to 

the Papago contact with a White diet. 

Yet this condition may not have alwa$5^ existed among 

Zuni, as evidence seems to indicate a reversal of the more 

usual trend. Their teeth, now, appear to be more free of 

caries than were those of their ancestors. Leigh (1925) 

found in 113 late pre-Columbian to early post-Columbian Zuni, 

excavated by Hodge from Havikuh Pueblo, pulp exposure follow

ing caries in 104 teeth (75% of the Zuni skulls). This is an 

incidence far above other tribes, and nearly comparable to 

that of modern White individuals. Leigh*s explanation for 

this among the Zuni is that many teeth were lost early in life, 

leaving room for food impaction which "predisposes toward both 

caries and periodontoclasia". 
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In other prehistoric populations, Chappie (1927) 

found that caries in ancient Hawaiins were relatively rare, 

only 1.1+8% of males, and 6.69% of females having any up to 

age 1+0, and Fisher (1931J34&) found only 67 out of 285 pre

historic Wisconsin Indians (23-5%) with one or more carious 

teeth. 

Visual inspection showed that 56 Point of Pines 

Indians out of 350 total individuals (16.0^1) had caries. 

This low incidence compares most closely with the condition 

found by Gable in the Navaho Indians {13-6%), and is somewhat 

lower than found in Zuni and Hopi by Gabel. It is consider

ably lower than found in the modern Papago or earlier Havikuh 

Pueblo people, or among the Pecos Indians. In the Point of 

Pines Indians caries were found on 166 teeth out of 3677 

teeth examined, or l+,$%. This included caries in 12 deciduous 

teeth which were located entirely in the incisor group or on 

the first molar tooth. 

The incidence of caries in this population, when 

broken down as to individuals of early Reserve and Tularosa 

time, or later Pinedale through Point of Pines time, might 

offer a clue as to the respective conditions of the dentition. 

Teeth more susceptible to caries might also be softer and 

thus show more wear. If the earlier individuals could be 

shown to have a high incidence of caries as well as greater 

tooth wear the evidence might support an hypothesis of softer 

enamel. 
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However, when the frequency of occurrence of caries is 

compared it is found that less than 18yo of the late Point of 

Pines individuals and only about 13% of the early population 

have caries. Calculation of the respective numbers of teeth 

involved also give a negative answer. Some 5*2°/o of early 

Point of Pines teeth are affected, and 5-8% of the later 

population have caries. The Chi Square Test was used to 

determine the Goodness of Fit of the actual data to the 

2 ( f (0 - E) 2 \ 
theoretical distribution X = C( g—) , in this case 

using the numbers of permanent teeth in which caries were 

found in each group. 

Group have 
observed 

caries 
expected 

have no 
observed 

caries 
expected total 

early POP 

late POP 

36 . 

124 

38.9 

121.1 

656 

2032 

653.1 

2034-9 

692 

2156 

1 50 26 88 2848 

x^ was found to be .286, which results in P = ">.70 

<"•50. Since this is not significant (.05 level), the null 

hypothesis that greater tooth wear of the earlier population -

was correlated with caries is disproved. 

As a matter of interest, no artificial tooth mutila

tion was observed in the Point of Pines Indians. This cul

tural trait is practically unknown in the Southwestern part 

of the United States. The only known example of artificial 

tooth mutilation in the Southwest was found at the site of 

Sikyatki (Canpbell 1944:321)* 



CHAPTER V. INCISOR VARIATIONS 

1. Shovel-Shaped Incisors 

Incisor teeth which have a morphological structure 

consisting of marked lateral borders on the lingual surface 

have been termed "shovel-shaped" incisors. Hrdlicka (1920: 

429) pointed out, "the character in question consists of a 

peculiar pronounced hollow of the lingual surface of the 

teeth, bounded laterally or surrounded by a well-defined 

elevated enamel border. Such teeth resemble more or less 

an ordinary coal shovel, in consequence of which they were 

termed fshovel shaped1 incisors". According to Moorrees 

(1957) the term was first applied by Muhlreiter in 1870. 

Structurally, these lateral elevated borders consist 

of an internal lingual curving of the enamel and underlying 

dentin, and are not simply overgrowths of enamel. The most 

marked expression of this trait is generally observed in the 

maxillary incisors, and although it.may be found in both 

deciduous and permanent dentitions, is more marked in the 

permanent teeth. 

Hrdlicka repeatedly (1907; 1908; 1909; 1910; 1911; 

1912; 1916; 1917; 191B) noted the peculiar shovel-shaped 

structure of the incisors in his observations of American 

Indians, and in 1920 brought most of the material known 

66 
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about this feature together in one comprehensive classic 

report which has formed a basis for subsequent investiga

tions of this trait. 

Hrdlicka's (1920:449) classification of the shovel-

shaped feature is still generally followed and consists of 

four categories. Shovel-shaped includes "all incisors whose 

lingual surface showed the enamel rim with the enclosed 

fossa well developed." Semi-shovel "was applied bo all teeth 

in which the enamel rirri was distinct, but, the enclosed fossa 

•was shallow." Trace "covers all those teeth in which there 

were distinct traces of the enamel rim, but which could not 

be classed as yet as 'semi-shovel1." No-shovel included 

incisors "in which there was either no perceptible trace 

of rim and fossa, or in which traces of these were so faint 

or imperfect as not to deserve a special characterization." 

As with any subjective classification, the categories 

are subject to individual interpretation, which renders 

accurate comparisons of various studies questionable in 

many cases. Koorrees (1957:23) extended Hrdlicka's system 

to include a fifty category, "markedly" shovel-shaped incisors, 

"with excessively prominent marginal ridges". Pedersen 

(1949) distinguished three categories of this trait, "pro

nounced", "faint to moderate", and "not shovel-shaped". 

Hooton (1930:121) used "absent", "doubtful", "submedium", and 

"medium", and Nesbitt (1938:66) used "medium" and "marked". 
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These few illustrations show the divergence in terminology 

which has been used in the literature to describe this 

character. Until recently there has been no universal 

systematic method employed in describing shovel-shaped 

incisors. 

Dahlberg (1957a:2) has constructed a series of 

plaster and stone plaques "each containing a number of models 

illustrating particular tooth characters, their sequences, 

gradations of intensity and range of expression... The 

importance of this project lies in the fact that workers 

will have a tangible three dimensional model of each 

character, which can be referred to and used as a basis in 

and out of the literature." These casts have already been 

found useful. Suzuki and Sakai (1957) noted that they were 

unable to find any type "a" in the Japanese. in the 

present study only four teeth, in one individual, corres

ponded to the type "a", or no shovel shape. 

Earlier reports have often been reclassified in an 

attempt to refit an earlier investigator's data to the 

particular investigator's own categories. Thus Goldstein 

(194-8:70), commenting in a footnote to the table he used to 

compare Texas Indians with other groups, noted "Hrdlicka's 

(T 20) categories of semi-shovel-shaped and shovel-shaped are 

taken to correspond with the present moderate and pronounced 

rubrics, respectively; his 'miscellaneous' grouping apparently 
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refers to .individuals with at least a trace of the shovel form 

in one incisor and is therefore included under the 'trace', or 

slight shovel-shaped heading. Dr. Hooton's classification 

('30, p. 121) of sub-medium and medium are taken to mean that 

shovel form was definitely present and hence are included in 

the moderate and pronounced category", hany authors, however, 

do not explain how they derived their data, as Goldstein did 

above. But the underlined phrases above (present author's) 

demonstrate that this interpolation of categories, and 

attempting to read what was in someone else's mind, may 

readily lead to inferences which cannot be validated. 

It has become quite apparent in the present investi

gation that such reshuffling of original data involving 

individual interpretations of subject terminology can only 

result in eventual loss of usefulness of the material for 

critical comparisons with other populations. This is true 

not only for the shovel-shaped incisor terminology, but also 

in respect to the several classifications of Carabelli's 

Cusp currently used, and such features as torus mandibularis, 

the protostylid, and others. 

It is believed that the method introduced by Dahlberg 

and Mikkelsen (1947) of accurate measurement of the depth of 

the lingual fossa offers the needed universal standard. Such 

measurements should be accompanied by description and 

illustration of unique variations. However for comparative 
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purposes it may be quite possible to show significant racial 

population differences by exact measurements. This offers a 

distinct advantage over subjective methods in that it can 

provide a universal base-line. 

In the present study the refined method of Dahlberg 

and Mikkelsen was employed. A. standard Boley millimeter 

caliper gauge, graduated on one side of the beam and fitted 

with a Vernier reading scale, allowed measurements accurate 

to .1 mm to be made through addition of two sliding parallel 

pins attached to the end. Figure 3 shows this modification. 

One pin was placed against the lateral elevation of the 

lingual surface of the incisor, and the other pin, fixed at 

one end to the sliding scale, was adjusted to the most 

distal vertical point on the lingual surface. The exact 

depth of the lingual (or labial) sulcus thus obtained could 

be read directly from the Vernier scale. However, it should 

be noted that the Dahlberg-Mikkelsen modification differs 

from this method in one respect. The former modification 

consisted of three sliding pins while the later utilized only 

two. 

Shovel-shaped incisors are of a distinct evolution

ary interest. Concave incisor teeth are also found in some 

anthropoid apes, monkeys, and lower mammals, according to 

Hrdlicka (1920:460)-, who states "typical keile-koilomorphy" 

(rim and fossa condition), such as found in man, occurs 

however in none of the existing or known anthropoid apes". 



Fig. 3 A standard Bolev millimeter caliper gauge 
modified to allow readings of depth of the sulcus 
of incisor teeth with an accuracy of .1 millimeter. 
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Hrdlicka advanced the hypothesis, based upon his extensive 

studies of this character, that such a structural formation 

gave greater strength to the teeth and therefore should be 

considered an ancestral trait. 

"Moderate shovel-shapedness" has been found to be 

characteristic of the Australopithecines by Robinson (1956). 

However, since photographs showing Paranthropus lateral incisors 

(p. 34, Figure 8, SK3a, SK71c) and Australopithecus (Makapan 

STS 52a) lateral incisor (Figure f, p. 25) show rather marked 

lingual borders, it would be interesting to measure the depth 

of the fossa, since the lateral ridges on these particular 

specimens appear quite distinct. 

Neandertal Man may also have showed this shovel-

shaped character since Ehringsdorf, Le Moustier, and Krapina 

have elevated lingual borders (Weidenreich 1937)* An 

iihringsdorf upper left central incisor (Piveteau 1957:531, A) 

shows marked shoveling as well as three lingual tubercles, 

quite similar to that of Krapina (Piveteau 539: figure 559)-

Gorjanovic-Kramberger (1906:187) described the 7 maxillary 

incisors found as "Die Lingualseite dagegen ist komplizierter; 

vor allem ist diese innere Zahnflache infolge der auruckgehender 

Vorderflache, geradezu tief konkav." 

Similarly, illustrations of the Tabun incisors (Pive

teau 1957:56$) show the shovel-shaped feature, and Piveteau 



73 

remarks, "les bords se replient vers I'interieur determinant 

une apparence de sillon profond." 

Previously, Weidenreich (1937) had found elevated 

lateral borders on the lingual surface of Sinanthropus 

pekinensis. and used this trait to support his contention 

that since this feature is quite prominent in Mongoloids, 

present Asiatic Mongoloids are descendents of Sinanthropus. 

Six relatively unworn incisors of Sinanthropus are known 

which show marked shoveling. 

But in 1938 Adloff, who attempted to distinguish 

between incisors having a shovel form ("Schaufelform") and 

those also having a lingual tubercle ("Hockerform"), disputed 

the terming of any incisor as shovel-shaped which also shows 

a tubercle. He believed that the "Schaufelform" was derived 

from reduction of the lingual tubercle secondarily. This 

interpretation was possibly based upon Hrdlicka's 1911 (p* 412) 

definition of the shovel-shape character which in part stated 

"there is often a more or less rudimentary cusp", since 

Adloff disagreed with HrdlickaTs 1920 definition which left 

out mention of the cusp. However there appears to be no 

justification for Adloff*s insistence upon restriction of 

the term to shovel-shaped forms having no pronounced 

tubercle. Both forms were found in varying degrees of 

expression among the Point of Pines Indians, as in most 

present-day Mongoloids, certain weandertaloids, Sinanthropus, 

and the Australopithecines. 



74 

But this primary shovel-shape trait is not only of 

evolutionary interest. A high incidence of the "shovel-shape 

trait in incisor teeth has been found to be typical of 

Mongoloid peoples. (Hrdlicka 1920; Wissler 1931; Montelius 

1933; Morse 1937? iM'elsen 193&; Stevensen 1940; Goldstein 

1948; Dahlberg 1949; Pedersen 1949; Tratman 1950; Lasker 1951 

Kikuchi 1954; Riesenfeld 1956; Moorrees 1957; Suzuki and 

Sakai 1957* Table VIII shows this high frequency of the 

trait which has been" reported for most Mongoloid groups. 

Arnong the few exceptions which have been found are apparantly 

the Ainu and Ainu hybrids. Suzuki and Sakai (1957-345) 

observed an incidence of only 53-5/<> in the maxillary centrals 

of Ainu and Ainu hybrids combined, and only 36.4/" in Ainu 

hybrid centrals, "somewhat similar to the rate in American 

iM'egroes or Whites". 

Whites and Negroes are usually considered to have a 

much lower incidence of this character than Mongoloid popula

tions. However a recent study by Koski in which Finns were 

found to have a 91*0% incidence may mean considerable range 

may be found in the White populations. Most general state

ments citing the lowness of incidence in Whites appears to 

be based upon Hrdlicka*s (1920) data of 52-4% in males, and 

44-6°/o in females. 

American Indians have generally been reported to have 

an extremely high percentage of occurrence of the shovel-

shape form. ,J-'his has been observed to range (Table IX) from 



TABLE Till 

FRE' UrINCY OF OCCURR^TCS OP SHOV^I.-GFJ P'^D INCISORS IN OIOC. 
NON-INDIAN POPULATIONS 

Group Location No. of Presence Absence Source 
Indiv No. < / °  No. ?! 

Mongoloids B 24 2k 100.0 0 .0 Hrdlicka, 1^20 
American Chinese 9 • 269 263 97.8 6 2.2 Lasker, 194-5 
Chinese males u 547 514 9^.0 33 6.0 Hrdlioka, 1920 
Chinese females u 104 102 98.1 2 1.9 Hrdlicka,1920 
Chinese males u 617 557 90.0 60 10.0 Wissler, 1931* 
Chinese females u 557 525 90.0 52 10.0 Wissler, 1931 
Japanese males u 172 167 97.0 5 3.0 Hrdlicka, 1920 
Japanese c 259 97.7 2.3 Kikuchi, 195*+ 
Japanese L 259 98.9 1.1 Kikuchi, 1954 
Sakhalin Ainu C 17 11 64.7 6 35.3 Suzuki & Sakai,1957 
Ainu hybrids C 11 4 36.4 7 63.6 Suzuki & Sakai,1957 
Ainu & Ainu hybrids CTJ 53.3 k6.1 Suzuki & Sakai,1957 
Ainu & Ainu hybrids CTJ 72.^ 27.6 Suzuki & Sakai,1957 
Eskimo C 4o 40 100.0 0 .0 Hrdlicka, 1920 
Eskimo L 37 37 100.0 0 .0 Hrdlicka, 1920 
E, Greenland Eskimo 116 95.3 ^•7 Pedersen, 19^9 

Aeta skulls *? 7 5 71.4 2 28.6 Genet-Varcin, 1951 
Guam skulls (preSpanish] 7 86 19 22.0 67 78.0 Leigh, 1930 
Hawaii em skulls 7 47 13 27.6 3k 72.4 Chappel, 1927 
Hawaiian males 9 21 19 90.5 2 9.5 Hrdlicka, 1920 
Hawaiian females •p IB 3 6 95.0 2 5.0 Hrdlicka, 1920 
Whites, Finns 123 91.0 9.0 Koski ^ 
White males U 500 262 52.4 238 47.6 Hrdlioka, 1920 
White females u 500 223 44.6 277 55.^ Hrdlicka, 1920 

Negro, American male u 307 190 62.0 117 38.0 Hrdlicka, 1920 
American female TJ 500 293 57.0 209 43.0 Hrdlicka, 1920 

C - lateral incisors B - Both lateral and central incisors 
U • upper inoisora only L • lover incisors only 
? = unknown which incisors were observed 
* Wiasler rounds off numbers to nearest whole percent. The field 
work was done by Sullivan, 

1 » oited by Riesenfeld, 1956 2 = cited by Suzuki & Sakai, 1957 



?APL3 IX 

FRS IPJTCY OF OCCUPJU^NC:-; OF SH0V>IL-SHAPED INCISORS IN £OKE 
AKZRIC/.1I INDIAN POPULATIONS 

Group jOC, jjPrespnt 1 ^ 
isept Source 

Point of Pines l$o 6 149 99.3 1 .7 present study 

Point of Pines 145 L 144 99.3 1 .7 present study 

Pecos 324 c 317 97.8 7 2.2 Nelsen, 1936 

Pecos ?38 L 333 93.6 1.4 Nelsen, 1938 

Pecos malen 142 •> 131 92.4 11 7.6 Hooton, 1930 

Pecos females 111 *? 105 94.6 6 5> Hooton, 1930 

Upper Gila males 18 c 5 27.8 13 72.3 Nesbitt, 1938 

Upper Gila female 9 8 L 6 75.0 2 25.0 Nesbitt, 1938 

Upper Gila males 18 C 6 33.3 12 66.6 Nesbitt, 1938 

Upper Gila female s 8 L 2 25.0 6 75.0 Nesbitt, 1938 
_ _ i _ 

Pima 283 C 97.0 3.0 Dahlberg , 19^7 

Pima 283 L 82.0 .3 Dahlberg , 19^7 

Navaho males 301 L 248 82.0 53 18.0 Wissler 1931** 

Navaho females 220 L 199 90.0 22 10.0 Wissler 1931 

Pima males 249 L 223 90.0 26 10.0 Wissler 1931 

Pima females 263 L 242 92.0 21 8.0 Wissler 1931 

Papago males 133 L 119 90.0 14 10.0 Wissler 1931 

Papago females 120 L 109 92.0 11 0.0 Wissler 1931 

Hopi males 173 L 128 74.0 45 26.0 Wissler 1931 

Ho pi females 115 L 100 87.0 15 13.0 Wissler 1931 

Paiute males 93 L 78 84.0 15 16.0 Wissler 1931 

Paiute females 118 L 103 87.0 15 13.0 Wissler 1931 

Acoma-Laguna males 81 L 70 86.0 11 14.0 Wissler 1931 

Aooma-Laguna fem< 126 L 106 84.0 20 16.0 Wissler 1931 

Keresan males 99 L 69 70.0 30 30.0 Wissler 1931 

Keresan females 61 L 48 79.0 13 11.0 Wissler 1931 

Tanoan males 66 L 49 74.0 17 26.0 Wissler 1931 

Tanoan females 57 L 48 84,0 9 16.0 Wissler 1931 

Zuni males 45 L 36 80.0 9 20.0 Wissler 1931 

Zuni females 6 L 5 83.0 1 17.0 Wissler 1931 

Shoshoni males 24 L 22 92.0 2 8.0 Wissler 1931 

Shoshoni femaleB 20 L 20 100.0 0 .0 Wissler 1931 

Washo males 23 L 21 91.0 2 9.0 Wissler 1931 

Washo females 22 L 21 96.0 1 4.0 Wissler 1931 

Yaqui males 31 L 26 84.0 5 16.0 Wissler 1931 

Yaqui females 32 L 29 91.0 3 9.0 Wissler 1931 

Male Indians*** 1356 1123 82.0 233 16.0 Wissler 1931 

Female Indians 1186 1051 87.0 135 13.0 Wissler 1931 

Pueblos 21 C 21 100.0 0 .0 Dahlberg, 1949 

Pueblos 21 L 95.0 5.0 Dahlberg, 19^9 

Indian Knoll 30 C 30 100.0 0 .0 Dahlberg, 1949 

Indian Knoll 30 L 97.0 3.0 Dahlberg, 19^9 

Indians 300 L 297 99.0 3 1.0 Hrdlicka , 1920 

* 100?o of the maxillary incisors were shovfil-shaped. Only 2 
mandibular incisors in one individual were not shovel-shaped. 

** Upper lateral only. *** Total of all of Wisslers groups above. 
C • central incisors L • lateral incisors ? = not specified. 
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100% presence in Shoshoni females (Wissler 1931), Pueblos 

and Indian Knoll (Dahlberg 1949) to a low of 70.0% in 

Keresan males (Wissler 1931), with the majority of South

western Indian populations being reported in the 90th 

percentile and above. Again, one exception has been noted. 

Nesbitt (1938:67), examining the Mogollon-Pueblo of Stark

weather Ruin, found only a 25-0% incidence in eight Upper 

Gila females lateral incisors, and similarly low incidences 

for the males. However, his classification of the shovel-

shape is unclear, since Nesbitt also makes the statement 

"associated with the shovel development there may also be a 

vertical groove on the lingual surface. Although this 

condition is primarily confined to the upper incisors in 

the Mimbres and Pecos series, it occurs on both upper and 

lower in every case in the Gila specimens." 

In the Point of Pines population only 1 individual 

was found to have any teeth that were not of the shovel 

shape form. In this individual the four mandibular incisors 

were of type "a" by Dahlberg's plaque, showing no shoveling 

of the lingual surface. Although the frequency of occurrence 

of this character is listed on Table IX as being 99.3% for 

this population, this is due to the arbitrary division of the 

teeth into lateral and central incisors. Actually this singl 

non-conforming individual did have shovel-shaped incisors in 

the maxillary dention, so the actual incidence of this trait 

includes 100.0% of the Point of Pines individuals. 



n 

Clarification of several other figures used in this 

chapter also seem required. Of the 350 Point of Pines Indians 

in the entire sample, only 150 individuals had central 

incisors (either upper or lower) present, and 145 had lateral 

(upper or lower) incisors intact. They are listed this way 

to facilitate comparisons with previous studies. In another 

portion of this chapter incisor data are given for 200 

individuals. Each of these 200 individuals has at least one 

upper or lower incisor tooth present. 

Comparison between populations in regard to the 

incidence of shovel-shaped incisors is considerably hindered 

by the fact that the various investigators do not use 

corresponding specifications. Some do not specify which 

incisor teeth their observations apply to. Others note 

data only for the maxillary dentition, or only the central 

incisor, or only the upper central incisor. For example, it 

may be noted that a study of a certain population revealed an 

incidence of 90c/i, while another population was reported to 

have an incidence of 30%, with no statement specifying 

precisely which teeth were examined. It is entirely possible 

that the above example could represent two studies of the 

same population, if the first figure applied to the form as 

found on any incisor, and the second to the incidence in 

mandibular lateral incisors only. This is due to the fact 

that the greatest expression of this trait often is found on 

the maxillary incisors. 
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Tables X, A & B, list the metric data that were ob

tained in regard to the depth of the lingual sulcus. Measure 

ments were made to one-tenth of a millimeter by use of the 

modified Boley Gauge previously described. 

The maxillary teeth in the permanent dentition were 

found to have twice as great a depth as in the lower incisors 

The mean depth of the upper centrals was 1.35 mm, and of the 

upper laterals 1.25 mm- Depth of the lower centrals was 

found to average .6 mm, of the lower laterals .7* In view 

of this upper-lower difference in mean depth, it is interest

ing to find that in the lower incisors there is much more 

variation in range despite the greater mean depth of the 

uppers. The greatest range in depths, to 2-k mm, are found 

in each case in lower incisors, while the greatest depth 

range found in an upper incisor was only 1-5 nun. 

The deciduous teeth were also found to have a greater 

depth in upper incisors than lower incisors, with a mean 

depth of 1.0 mm for each upper, and .6 mm for each lower 

incisor. 

Intra-population differences (Table XI) are made 

questionable by the insufficient numbers of Early (Reserve-

Tularosa) individuals which could be used in this comparison. 

However, the data as listed appears to indicate that many of 

the later Point of Pines individuals had much more prominent 

shovel-shaped incisor teeth than the earlier Tularosa people. 



TABLE X 00 

DEPTH OF THE LINGUAL SULCUS (SHOVEL-SHAPE) OF INCI30R TEETH 
IN THE POINT OF PINES POPULATION 

A. Permanent teeth 

Location Mean SE Range N 

Upper right lateral 1.3 .38730* .06846 .4 - 1.9 1.5 32 
Upper left lateral 1.2 .33166 .05527 .5 - 1.8 1.3 36 

Upper right central 1.3 .57446 .10317 .8 - 1.9 1.1 31 
Upper left central 1.4 .51962 .10000 .9 - 1.9 1.0 27 

Lower right lateral .7 .54773 .08660 0 - 2.4 2.4 ko 
Lower left lateral .7 .60000 .08944 .2 - 2.1 1.9 45 

Lower right central .6 .50000 .08451 0 - 1.5 1.5 35 
Lower lfcft central .6 .50990 .08618 0 - 1.5 

d 
1.5 35 

B. Deciduous teeth 

Location Mean & SE Range N 

Upper right lateral 1.0 .41251* .09999 .4 - 2.1 1.7 17 
Upper left lateral .9 .48990 .11881 .4 - 2.0 1.6 17 

Upper right central 1.0 .53852 .09831 .2 - 2.2 2.0 30 
Upper left central 1.0 .48990 .09258 .3 - 2.2 1.9 28 

Lower right lateral .6 .38730 .09393 .3 - 1.2 .9 .17 
Lower left lateral .6 .36056 .09014 .2 - 1.2 1.0 16 

Lower right central .6 .43589 .08897 .2 - 1.3 1.1 '24 
Lower left central .6 .37417 .08583 .1 - 1.2 1.1 19 

* Although tabulated to five places beyond the decimal point, these 
calculations are only accurate to one place since the measurements 
upon whioh these data have been determined were accurate to only ,1 
millimeter. 
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The range in depth of each tooth is noticeably higher in the 

former. 

To date the only other population reported in the 

literature to have been measured by this objective technique, 

is that of Dr. Dahlberg's (1947) original investigation of 

the shovel-shape in the Pima Indians. • Comparable statistics 

are listed as follows. 

A Comparison of the Depth of the Lingual 

Fossa in Point of Pines Indians arid Pima Indians 

Group 
Wo. of 
Indiv. 

Mean 
(mm J Ranee (mm) Tooth 
Mean 
(mm J 

Point of Pines 
Pima Indians* 
Point of Pines 
Point of Pines 
Point of'Bines 
Pima Indians* 

58 
283 
70 
85 

::6a 
283 

1-35 
1.20 
.60 
.70 

1.25 
• 73 

.8-1.9 (1.1 mm) 
•3-2.6 (2.3 mm) 
.0-1.5 (1.5 mm) 
.0-2.4 (2-4 mm) 
.4-2.5 (2.1 mm) 
.1-1.5 (1-4 mm) 

Upper central 
Upper central 
Lower central 
Lower lateral 
Upper lateral 
Upper lateral 

*Dahlberg, 1947 

Both the Pima and Point of Pines Indians show a 

similar mean sulcus depth in regard to the shovel-shaped 

feature of the upper central incisors. Unfortunately no 

data was available to the author regarding the lower incisors. 

However the upper lateral incisors show a very distinct 

difference in mean depth in these two populations. Sufficient 

tabulation on the Pima was not available to determine by a 

test the statistical significance of this difference. In

spection indicates that the mean depth of the lingual sulcus 



TABLE XI 82 

COMPARISON OP THE DEPTH OF THE LINGUAL SULCUS (SHOVEL-SHAPE) 
OP EARLY AND LATE POINT OP PINES INDIANS 

A. Permanent Incisors 

Location Group Mean <r SE Range N 

Upper right lateral Late 1.5 .46904* .08164 .5 - 2.5 2.0 33 
Early 1.2 .53852 .21984 .4 - 1.6 1.2 6 

Upper left lateral Late 1.2 .58310 .09856 .5 - 2.2 1.7 55 
Early 1.4 .42427 .18973 1.1 - 2.0 .9 5 

Upper right oentral Late 1.6 .60828 .10451 1.0 - 2.9 1.9 34 
Early 1.1 .57446 .25690 .8 - 1.6 .8 5 

Upper left center Late 1.6 .45826 •08250 .9 - 2.9 2.0 31 
Early 1.6 .50990 .25495 1.4 - 1.9 .5 4 

Lover right lateral Late .7 .53852 .OR625 .0 - 2.4 2.4 39 
Early 1.0 .00000 .00000 1.0 - 1.0 .0 1 

Lower left lateral Late .6 .51962 .08115 .2 - 2.1 1.9 41 
Early .4 .50000 .15000 .4 - .6 .2 4 

Lover right central Late .7 .43589 .07820 .0 - 1.5 1.5 31 
Early .3 .24495 • .12247 .2 - .5 .3 4 

Lover left central Late .7 ./t3589 .07828 .0 - 1.5 1.5 31 
Early .3 .22561 .11180 .2 - .6 .4 4 

B. Deciduous Incisors 

Location Group Mean SE Range N 

Upper right lateral Late • 1.0 .45826 .11456 .4 - 2.1 1.7 16 
Early .8 .00000 .00000 .8 — .8 .0 1 

Upper right oentral Late 1.0 .56569 .10504 .2 - 2.2 2.0 29 
Early .6 .00000 .00000 .6 - .6 .0 1 

Lov/er left lateral Lite .6 .36056 .09014 .2 - 1.2 1.0 16 

* Although tabulated to five places beyond the decimal point, these 
calculations are only accurate to one place since the measurements upon 
which these data have been determined were accurate to only ,1 millimeter. 
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(shovel-shape) is nearly twice as great in the Point of Pines 

population as was found for the modern Pima Indians. The 

range is also greater in the former. Depth of the shovel-

shape of other Southwestern Indian populations should be 

made, utilizing the accurate method of Dahlberg and 

Mikkelsen, for comparison on this point. 

2. Double Shovel-Shape 

Discovery of a "shovel-like depression" on the labial 

surface as well as on the lingual surface in "a large number" 

of Pima Indians led Dahlberg (1947:235) to term the condi

tion "double shovel-shape". In the prehistoric Indian Knoll 

incisor teeth Rabkin had also noted "phenomenal labial raised 

marginal-ridges" (1943:365)* This was attributed by Rabkin 

to genetic causes, however he felt that it was simply a 

"structural change in the enamel formation". Wo investigation 

at this time was made to determine whether the dentin was 

also involved. 

The double shovel-shape has also been mentioned as 

being present in Aleuts by Moorrees (1957*26). Wo data as 

to prevalence of this condition is given, although in all 

cases in which ridge formation on the labial surface has been 

noted there has also been shoveling of the lingual surface. 

If this is found to be the case in other studies, it may 

indicate another character specifically associated with 

Mongoloids. Possibly it could be considered as "super-

mongoloid" in the strict sense that the highest incidence 
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of shovel-shape is found in this group, and the labial or 

double shovel-shape has only been reported to occur on 

incisor teeth in which the lingual shoveling also occurs. 

Among 200 Point of Pines individuals having incisor 

teeth, 45 had at least one double shovel-shaped incisor, 

giving an incidence of 22.5$• Depth of the labial sulcus 

ranged to .8 mm, and the mean depth was .3 mm. Depth of the 

labial sulcus was also noted for 29 Pima Indians by Dahlberg 

(1947*235)• The depth was found to range between -.2 mm and 

.6 mm, with a mean depth of .22 mm. (The reason for Dahlberg's 

-.2 mm minimum is due to the fact that he measures the sulcus 

depth uniformily at the midpoint on the labial surface. 

Occasionally there may be an elevation at this point even 

though there may be a depression on either side. In the 

present study depth was measured at the point of lowest 

depression, which was usually at the midpoint on the labial 

surface, but not in every case.) As may be seen in Chart 

XII, the double shovel-shaped feature most frequently occurred 

on the maxillary central incisors of the Point of Pines 

Indians. 

CHART XII 

FREQUENCY OF OCCURRENCE OF 88 DOUBLE SHOVEL-SHAPED 

INCISORS FOUND IN POINT OF PINES INDIANS 

Maxillary Incisors 

lateral 

7 
8 

ft lent 
central 

19 
7 

•belt 
central 

23 
8 

lateral 

8 
8 
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Eight of the 45 individuals showed this trait in all 

four maxillary or mandibular incisors. One individual, jf263, 

a 19 year old female, was observed to have double shovel-

shaped incisors in all eight incisors. This might have been 

the case for four of the others, however due to missing 

teeth this must remain unknown. An interesting observation 

is that 5 of the 8 individuals in whom this trait is so 

extensive, were females. 

The character was not observed in the 2 Higgins Flat 

Indians who had incisor teeth, nor in 4 crania from Arizona 

W':10:37- It was only observed in two instances (both 

maxillary centrals) in 38 Turkey Creek Indians, and in 1 

out of 7 Jewett Gap Indians. Thus the Early Reserve-Tula-

rosa Phase Indians show an incidence of only 6%, while the 

later Point of Pines group has a much higher 22-5/y incidence 

of this trait. All eight of the individuals having this 

character in at least four teeth were late Point of Pines 

Indians. 
2 

A Chi Square test x^ -[(- was made to 
e 

determine whether these observed differences between these 

two groups in regard to incidence of the double shovel-shape 

character were statistically significant. The following 

tabulation shows this comparison. 
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Group 
Observed to 
have trait expected 

individuals 
not having 
trait 

expected totals 

Early P.O.P. 45 3S.2 155 161.8 200 

Late P.0.P. 3 9-8 48 41.2 51 

Totals 46 203 251 

It was found that X2 = 7.3, and that P = "7.01 <C. 001. xhus 

the difference between the early and late groups in regard 

to incidence of Double shovel-shaped incisors is statistically 

significant. 

As a check on this finding a second Chi Square test 

was also made on the number of incisor teeth in each group 

which were found to be double shovel-shaped. Out of 438 

incisor teeth in the late group 82, or 17.8$ were double shovel-

shaped, while only 6 out of 148 (4-0$) in the early group 

showed this feature. This correlates closely with the situa

tion found in respect to the number of individuals {22.5% in 

the late group and 6% in the early group) in each group having 

this feature. The tabulation is given as follows: 

Group 
Teeth observed 
to be double 
shovel-shaped 

expected 
1 Teeth not 
double 
shovel-shaped 

expected totals 

fiarly P.O.P. 82 65 .8 356 372.2 43S 

Late P.0.P. 6 22.2 142 125 .8 148 

Totals 88 498 586 
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In this second Chi Square test = 18.59 and P = .001. 

Therefore in less than one case out of 1000 could this have 

occurred by chance alone. 1hus both of these tests show 

that the difference in incidence of the double shovel-shaped 

feature of incisor teeth between the early and late Point of 

Pines Indians is statistically significant. 

Although there were many incisor teeth missing in 

these individuals there were sufficient numbers present to 

show a highly significant difference. It may thus be stated 

with reasonable certainty that the double shovel-shape 

character represents a trait in which a marked difference 

occurs between the early and later individuals of the Point 

of Fines population. It would certainly be of interest to 

examine further Turkey ^reek individuals which may be 

excavated to oberse whether this incidence continued to be 

small in these Tularosa peoples. 

3• "Three-Quarter.Double Shovel-Shaped" (Mesial-

Labial Ridging of Incisor Teeth) 

In this study a peculiar morphological structure of 

the permanent incisor teeth has been observed which is be

lieved to be previously undescribed in the literature. This 

has been termed the "three-quarter double shovel-shaped" 

character because it is felt that this is most descriptive of 

this feature, and is in keeping with the "shovel-shape" and 

"double shovel-shape" terminology of Hrklicka (1920) and 

Dahlberg (1947)* 
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incisor teeth showing this character have a typical 

shovel-shaped or concave lingual surface with marked lateral 

elevations. The labial surface of such teeth is characterized 

by a definite mesial lateral ridge forming a depression 

toward the mesial edge of the surface, as is found in a 

typical double-shovel-shaped tooth. However, the distal 

labial border is rounded rather than being elevated, and 

there is no depression. ihus one-half of the labial surface 

could be described as a double shovel-shaped form, while the 

distal portion is normal. rhree-quarters of the tooth shows 

shoveling therefore, while the remaining l/4 portion of the 

labial surface is normal. 

This trait was observed to be present on 24 incisor 

teeth of 13 individual Point of Pines Indians. This represents 

an incidence of 6.5fo of the 200 individuals having either 

lower or upper incisor teeth present. Five of these individuals 

were earlier inhabitants of Tularosa Phase time, and eight 

Point of Pines Indians. 

Figure 4 - -  shows several incisal views of the "three-

quarter double shovel-shape" character. The views of the 

ground down incisors with the dentin exposed show that this 

is not simply an enamel extension but an integral part of the 

tooth structure. Note that the mesial border always has the 

elevated ridge, while the distal border of the labial surface 

is always the rounded or normal one. 



Fig. 4- Incisal view of the mesial-labial ridging, or 
"three-quarter double shovel-shape" character foiind on 
the labial mesial aspect of incisor teeth in some Point 
of Pines Indians. (A) Shovel-shape, (3), (C), (D) three 
quarter double shovel-shape, (E) double shovel-shape. 
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It will be of interest to determine whether this 

feature is also found in other Mongoloid, and particularly 

Indian populations. After discovering this feature in the 

Point of Pines Indians (Mainly because too many incisor teeth 

would not fit into the previous classifications) a careful 

recheck of the literature was made for any description of 

this character in other groups. Except for brief mention by 

Moorrees (1957:26) that "the labial shoveling freauently 

showed a greater accentuation of one of the two marginal 

ridges", no information was found. 

However it is believed that this represents another 

of the characters that was there all along but had just been 

overlooked. In support of this, the excellent photography 

of Indian Knoll maxillary incisors by Habkin (1943-365, 

Figure 6 A) shows typical three-quarter double shovel-

shaped teeth, and also supports the present finding that 

the raised marginal elevation appears on the mesial labial 

aspect. Two of the "ridged teeth" photographed by Hrdlicka 

(1920:446, Plate I), number eight in the second row, and 

number seven in the next to the bottom row, also appear to 

show this "three-quarter double shovel-shaped" feature. 

If different frequencies for this character can be 

found in various populations this may offer a valuable clue 

as to affinities. It seems likely that this represents an 

expression half-way between a double shovel-shape and a 

normal labial incisor form. 
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TABLE XIII 

Individuals observed to have the "three-
quarter double shovel-shaped" incisor form in the 

Point of Pines Population 

1. 

to CM 

(Burial #14) Arizona W:10:52. Male. 35 years. 
Upper left central incisor. Other central incisor 
missing: post mortem. Peg-shaped maxillary lateral 
incisors. 

2. #034 (Burial #34) Arizona W:10:78. Bilateral lower 
lateral incisors. Bilateral maxillary incisors. 

3- o
 

o
 

(Burial #40) Arizona W:10:78. Male. 35 years. 
Bilateral lower lateral incisors. 

4- #115 (Burial 0-659) Arizona W:10:50. Bilateral maxillary 
central incisors. Male. 22 years. 

5 • #263 (Burial #260) Arizona W:10:50) Right lower central 
incisor. Left lower lateral incisor. 

6. f
O
 
o
 

o
 

(Burial #100) Arizona W:10:50. Upper left central 
incisor. Male. 35 years. 

7- #254 (Burial #235) Arizona W:10:50. Male. 24 years. 
Upper right central incisor. 

8. #220 (Burial #144) Arizona W:10:50. Female. 30 years. 
Bilateral. Upper central incisors. 

9. #193 (Burial #88) Arizona W:10:50. Male. 22 years. 
Bilateral. Upper central incisors. 

10. #unk Arizona W:10:50. Upper right central incisor. 

11. #090 (Burial #0-268) New Mexico F:14:l. Female. 30 years. 
Upper left central incisor. Kight incisor missing. 

12. #076 (Burial #K-1, CNHM #42653) Higgins Flat Pueblo. (New 
Mexico) bilateral upper central incisors, lower right 
central incisor. 

•
 

i—1 

#078 (Burial CNHM #42660) Higgins Flat Pueblo (New Mexico). 
Male. 35 years. Bilateral upper central incisors. 



Pig. 5 Enlarged incisal view showing the 
distinct mesial-laMal riding of the three-
quarter double shovel-shape character on a 
maxillary central incisor tooth. 
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4. Other Incisor features. 

The dental tubercle, also known as the tuberculum 

dentale. or lingual tubercle, has been mentioned previously. 

It is a structure on the lingual aspect of the incisors which 

appears as a tubercle or cusplet, although it may appear as 

a large cusp or may be found variably as several tubercles. 

It often is difficult to distinguish when the lingual margins 

are markedly ridged due to shoveling. Occasionally these 

tubercles are of extremely large size as is photographically 

illustrated in Figure 6(J . It is usually found, and is more 

pronounced, on the lateral maxillary incisor. (de Jonge-

Cohen 1920:289; M. de Terra 1905-235> cited by Federsen 1949• 

186:: Krdlicka 1920). 

itfeidenreich (1937*18) as well as Adloff (1908:11; 

cited by Pedersen 1949) pointed out the "primitive" character 

of the tubercle due to its presence in Sinanthropus. A 

very large dental tubercle was also noted by Weidenreich (1937, 

Plate III, Figure 21) in the Ehringsdorf child. 

An excellent discussion of the lingual tubercle is 

given by Robinson (1956:31-34) who notes that in the 

Australopithecines, which represent a stage geologically and 

morphologically older than either Sinanthropus or i\ieandertal 

man, only a very minimal development of the lingual tubercle 

was observed in some cases, and none was found in others. 

This evidence does not support Weidenreich*s hypothesis. 



Pig. 6 Various fomr. of the incisor teeth found among the Point of Fines Indians. 
All shov various degrees of shovel-shape of the lineal surf ~oe. (j1) and ((?) show 
a t tiber culum dent ale. 

vo 
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A distinct dental tubercle was only observed in two 

Point of Pines individuals. In #343 one tubercle was found 

in an upper right central incisor, and in a second individual 

the condition was bilaterally present in upper lateral 

incisors. 1his is an incidence of only 1.0$ for the 200 

individuals having incisors. 

Pedersen (1949:186), found only 6 cases out of 586 

East Greenland Eskimos, or also 1.0%. However he noted that 

the tuberculum dentale was not always present in the Eskimo, 

although in 224 lateral upper incisors in another group of 

Eskimos he found a total of 32, or 14*3% (of the teeth). 

Only two "extensions of the cingulum" were noted by 

Nelson (1938:287) in the Pecos teeth. But Cosgrove (1932), 

in Plate '#236 shows an excellent photograph of a central 

incisor showing a dental tubercle or "marked development of 

the basal cusp" in an individual from the Swarts Ruin Mimbres 

site. 

In other populations the dental tubercle appears to 

be much more prominent. Dahlberg (1947) notes "the finger

like projections of small ridges in the shovel sulcus arising 

from the gingival base on the lingual surface were present in 

86% of the instances" in the Pima Indians. 

Anomalies encountered in the Point of Pines incisor 

teeth also included both peg-shaped and barrel-shaped forms. 

One case of bilateral peg-shape was found in a 35 year old 
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male, #328, on the maxillary lateral incisors. Two instances 

of barrel-shape structure were observed. One occurred in the 

upper right central incisor of a 45 year old male, if285, and 

in the second case barrel-shaped teeth were present bilaterally 

in the upper lateral incisors of a 22 year old male, #130. A 

third type of deformity is discussed in the anomalies section, 

and was shaped like a double barrel-shape, with two lingual 

fossas. 

As has been found typical of most prehistoric popula

tions there was very little crowding of teeth (only 5 cases) 

noted in the Point of Pines population. This differs from the 

Pecos Indian condition in whom Iiooton (1930:121) reported an 

incidence of incisor tooth crowding of 17.6/i (25) among the 

males and I8.O/0 (20) among the females. 



CHAPTER VI. MOLAR CUSP PATTERN 

A. Mandibular Molars 

Study of the lower molar surface occlusal patterns is 

of particular interest due to their evolutionary significance 

This sequence has been traced back to the primitive Cynodont 

condition, whose compressed and serrate cones represented a 

transition to the Mammalian form prior to the end of the Tri-

assic. It is not intended in this paper to discuss the evo

lutionary aspects of the dentition in detail, however some 

brief review of pertinent theories is necessary at this point 

The main structural stages that have been delineated 

in change of tooth form to the present human condition are 

rather concisely outlined by Gregory.(1922:508-520; 1951) 

through 26 representative stages, and by Romer (1955)- In 

general terms, the evolutionary tendency has been shown for 

l) the number of teeth to decrease in evolution; 2) to go 

from simple to more complex tooth form; 3) from indefinite 

to a definite number of teeth; and 4) from polyphodontism 

(as in fish with, many sets of teeth), to diphyodontism (as 

in man with two sets). Function, attachment, morphology, and 

eruption have all been subject to change and variation. 

From .the Reptilian pattern of a single cone, the 

molar teeth changed to a cynodont tooth having three cusps 

in a straight line. The next progressive stage in the 

evolutionary development leading to the human molar form 

96 
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was represented by the Triconodonts of the Jurassic. These 

also had three cusps in a straight line like the Cynodonts, 

but showed further development of the cingulum, and each 

molar and premolar now had two distinct roots. Amphitherium, 

a primitive Upper Triassic fossil of the Mammalian Order 

Trituberculata, was a genus demonstrating a stage between 

the single line and triangular cusp pattern, having trituber-

cular instead of triconodont molars. The reason for this 

step from a straight line type of molar to the trituberculate 

trigon tooth is still not clear, although there are two main 

theories to account for this. There is distinct disagreement 

in this respect between William King Gregory (1916: 1922; 

1926a; b; c; 1934; 1937) on the one hand, and E. D. Cope 

(1883? 1884; 1688; 1889) and Henry Fairfield Osborn (1888; 

1892; 1897? 1904; 1907) on the other. 

The Cope-Osborn theory is a theory of rotation from 

the Reptilian pattern of a single cone to a three-cusped 

straight line pattern, and then to a lingual rotation of 

the protocone in mandibular molars to form the trigon type. 

The two minor cusps, paracone ana metacone, are circumducted 

to the buccal side of the maxillary molars. The addition of 

the talonid occurs from the distal buccal aspect. Although 

generally accepted, the main objection to this theory appears 

to be that no intermediate stage has yet been found. 

Gregory (I922:ix) vigorously objects to this, and 

notes that "Cope's conception of the origin of the tritubercular 
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molar, and consequently, the whole nomenclature of the 

mammalian molars proposed by Professor Osborn, probably 

rests upon a misconception, by which the secondary trigon 

of the upper molar was- viewed as corresponding with the 

primary trigon of the lower molar". Instead, Gregory pro

poses his own Premolar Analogy Theory, leaving out rotation 

as an explanation, but rather explaining trituberculy by a 

"germ plasm" hypothesis. Germ plasm with the potential for 

bifurcation of cusps and development of the cingulum leads 

to the formation of the basal crown extensions which in 

turn serve as the foundations for further cusp formation. 

Thus, the protoconid arises as a bud from the internal 

cingulum on the slope, paraconid and metaconid arise from 

the protoconid on the slopes, and the talonid develops 

from this cusp, but this is difficult to prove. Gregory, 

as well as Wortman (190^) and Matthew (1910), believe that 

the protocone is not the first cusp but rather is an up

growth from the cingulum, and that the primitive tip of the 

Reptilian crown lies in the paracone. Gregory (1922:ix) 

thus believes that "the homologue of the trigonid of the 

lower molars is not the secondary but the primary trigon.." 

However the most generally accepted theory of the 

evolutionary morphology is the Gope-Osborn Theory which is 

currently taught in most dental schools (Diamond 1952:11). 

Osborn strongly supported GopeTs Tritubercular Theory of 1883, 

and in 1888 introduced the nomenclature which is now in general 
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usage, which identifies the molar elevations in terms of 

their evolutionary development. Osborn termed the original 

primitive cone the protocone, analogous to the mesiolingual 

cusp in the human dentition. Paraconid and the metaconid 

were called the mesio- and distobuccal cusps, and the 

hypoconid is the centrobuccal cusp. Osborn added the suffix 

"id" to the mandibular cuspal terms, to differentiate 

maxillary from mandibular molar cusps. (Thus "paracone" of 

the maxillary molars is "paraconid" of the mandibular.) 

It should be noted that while the Cope-Osborn and 

Premolar Analogy Theories are the most widely accepted 

theories to account for the evolution of the molar teeth, 

there are other theories which have been advanced. Probably 

the best discussion of these can be found in Krogman (1927), 

who examines the relative merits of the Concrescence Theory 

of Rose, Kukenthal, Virchow, and Ameghino (who maintain that 

the molar has evolved from the fusion of two or more Reptilian 

teeth), the Plexodont Theory, the Dimere Theory of Bolk, the 

Polybuny Theory advanced by Forsyth-Major, and the Cingulum 

Theory of Hrdlicka and Hopewell-Smith. 

Taviani (1957-12) disagrees with both the American 

and Netherlands schools on the morphological origin of the 

radicular system of human teeth. Taviani calls both Bolk's 

Dimeric Theory and Osborn's Tritubercular Theory "suppositions 

as abstruse as they are absurd". Instead, he proposes the 
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theory that "each cusp (or part of a cusp) has its own root 

(or part of a root)". Taviani has not found support for this 

idea. 

The talonid of the mandibular molars first developed 

in the generalized Insectivores, projecting out from the 

distal buccal aspect. Along with a reduction in the number 

of teeth there were also changes in the occlusion, as well as 

molar and premolar form. The lower dentition of a hypoconid 

four-cusped type developed into the talonid comprised of six 

cusps, adding a hypoconulid (distobuccal cusp) and entoconid 

(distolingual cusp). 

The earliest appearance of the fifth cusp (hypoconulid), 

the pattern ancestral to the human and anthropoid molar, was 

first observed by Gregory (1916) in the fossil Miocene ape 

Drvopithecus. Gregory believed that the "Dryopithecus 

Pattern" of modern man may ultimately have been derived from 

the "genus Parapithecus Schlosser from the Lower Oligocene of 

Egypt" (1922:326). This ancestral Dryopithecus or Y5 pattern 

has been described in detail by Gregory and Hellman (1926:105), 

and Hellman (192S:158). When viewed from the lingual aspect 

the grooves in the mandibular molar of this type form a 

figure "Y". The mesiobuccal cusp (protoconid) is not in 

contact with the distolingual cusp (entoconid) in this forma

tion. (Figure 8l) Hellman (192S:l6l) includes in this pattern 

a complex consisting of five main cusps (1, 3, 5 buccal; and 1, 



101 

2 lingual) with the two inner high and pointed, and the three 

outer cusps typically lower and rounded, a .longitudinal groove 

with terminal depressions, and a fovea anterior and posterior, 

as well as the "Y-shaped system of transverse grooves". 

Gregory (1916:293-294) gives a very detailed description of 

this Dryopithecus pattern. 

The Y5 pattern is found on the lower molar teeth of 

all genera of the modern anthropoid apes, as well as in the 

extinct hominidae and modern man, emphasizing the close rela

tionships in this respect. In fact, man and the other 

anthropoids have such a similarity in molar structure that 

Schuman and Brace (1955186), after extensive histological, 

metric and morphological observations in Chimpanzees, have 

flatly concluded "we are of the opinion that even the most 

astute odontologist could neither infallibly nor with a 

very high degree of consistency, distinguish between the 

molars of Chimpanzee and Man". In fact, a worn molar tooth 

may even be difficult to distinguish from that of a peccary. 

This is shown by the erroneous belief of H.F. Osborn (1922) 

and supported by Gregory and Kellman (1923a, b) that the single 

specimen of a molar tooth found by H. J. Cook in Nebraska 

represented Hesperopithecus haroldcooki. "an hitherto unknown 

form of the higher primates" (Gregory and Hellman 1923 b:l 1+)• 

It is significant that nearly all early man had this 

Y5 lower molar type of pattern. Robinson (1952:103) describes 

the Australopithecinae as typically having the Y5 pattern, 
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although it is interesting to note that five specimens in 

three individuals show "a partial development of the plus 

pattern seen commonly in modern euhominids". Sinanthropus 

(Weidenreich 1937), Pithecanthropus (von Koenigswald 1955), 

as well as Heidelberg Man, and such Neandertaloids as 

Eringsdorf, and the 16 year old Mousterian youth described 

by Hloatsch in 1910 (Hellman 1928) all demonstrate this 

structural pattern. 

However, in modern man this molar pattern appears to 

be undergoing considerable modification. Four main patterns 

are presently recognized, as first observed by Hellman (1928: 

162). These are designated Y5, + 5, Y4, and + 4 classifications. 

(Figure 2) The+ 5 pattern consists of lower molars in which 

five cusps are retained, but the groove system forms a plus 

configuration rather than a Y. A Y4 pattern is a modified Y5 

pattern but with loss of the hypoconulid cusp. The +4 pattern 

consists of both loss of 1 cusp and change in groove pattern 

to a plus form. 

Hellman (1928:164) places these four patterns in 

distinct stages, with the Y5 most primitive condition, the 

Y4 a second stage,+ 5 a third stage, and the* 4 pattern be

ing the most advanced form. But the mechanise of this is 

still not certain, and Hellman did not explain why he considered 

Y4 to be more primitive than* 

Dahlberg (1949.*162) has attempted to clarify this as 

"it is that the transition from Y5 to + 4 is not through both 
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the +5 and Y4 stages, but rather through one or the other 

to be found in the scrutiny and comparison of right and left 

and second lower molars of individual dentitions. In many 

instances the teeth are found to border on one pattern or 

another and the expression on one side will differ enough 

from the other side to suggest the trend involved". In this 

study some confirmation may be given to Dahlberg's explana

tion. As he has noted, in an individual in which the plus 5 

pattern is typical for a particular molar, loss of the hypo-

conid often results in a + 4 pattern. Some evidence of this 

may be seen in HellmanTs own figures (1928:171 *• Table XII). 

In other attempts to clarify the transitional stages 

of Y4 and + 5, Steslicka (1948) has placed Y4 and +5 in one 

group, described as "median". Jorgensen (1955:204) has 

attempted to circumvent the transitional forms by observing 

the groove pattern and cusp number as separate entities. 

He has expanded the occlusal groove pattern to include 

three principle types on the lower molars, a "Y" pattern, 

a " +" pattern, and an "X" pattern, in the belief that "a 

classification of observed ethnic groups can, under other

wise identical mathematic conditions, be made with greater 

confidence on the basis of the groove pattern than on the 

basis of the cusp number." However, Jorgensen found that he 

was hampered in comparing his data from different ethnic 

groups by an absence of precise definition of the concepts of 

groove pattern and cusp, the different degree of wear, and 
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the lack of consistent distinction between right and left sides. 

In addition male and fenale distinctions were not always 

clearly stated. Suzuki and Sakai (1956; 1957) have followed 

Jorgensen's lead in attenpting to apply this typology to the 

Japanese lower molars. 

Comparison of the frequencies of these various types 

of lower molar cuspal patterns show distinct differences in 

various groups. It is believed that this aspect of the 

morphological structure may be of aid in discerning affini

ties of a population. While in general Mongoloid populations 

retain a very high incidence of Y5 pattern. White populations 

on the contrary are found to have a significantly lower re

tention of this form. 

It might be well to indicate at this point that 

these classifications of molar patterns are categories into 

which most molar teeth will fail, however, as has been 

recognized by nearly every investigator of dental morphology, 

there are some teeth -which have intermediate patterns. This 

occurs in the mandibular molars as well as the maxillary. 

Generally these teeth can be placed in the nearest category, 

but it is the author's opinion that in the upper molar 

teeth use of a 2 category would be especially useful in 

some populations. Several molars with a distinct 2+ pattern, 

in which the rnetacone was greatly reduced, were found in the 

Point of Pines population. These were not listed in the 

table. One excellent example of a 2+pattern was found on 
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the occlusal surface of an upper third molar of an 18 year 

old female from Turkey Creek Pueblo. 

Secondly, as other investigators have also noted, 

particularly in regard to the variable upper third molar, 

there are a few patterns which are not presently classifiable 

due to completely divergent formation of cusp numbers and 

groove patterns. A number of such teeth were also found in 

the Point of Pines population, and not listed because they 

could not be described by the current 4 category classification. 

The lower occlusal patterns were recorded for 310 

permanent molars and 36 deciduous molars of Point of Pines 

Indians. Table XIII gives the frequency of the various 

patterns observed in these teeth. These data will not be 

repeated in the text, however there are several features 

which should be pointed out. It is interesting to find 

that lower molars in the Point of Pines population do not 

appear to show a trend toward reduction from 5 to 4 cusps 

from the first to third molars. Such a trend has been 

reported in most other populations. It was found that the 

greatest proportion of first molar teeth in these indivi

duals, 92.2>:', are of the 5 cusped type. However, the second 

lower molar tooth was observed to have a groove pattern in 

70.8a' of the cases, and the most common cusp pattern for this 

tooth was 4 (42.5;"') • The third molar tooth, on the other 
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Fig. 7 Tllustmtior of the four mr.in t;/pes of Mandibular occl-usal patterns 
found or. mol^r teeth. "! - protoconid, ? = metacoriid, 3 " hypocordd, '*• -
er.toconid, C *hypocor.u.!.id, ^ = buccal, " = r.esicl, L «= lingual, D «= dista.l, 
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hand was found to have 5 cusps in 75*6/i of the cases. This 

represents a considerable difference from the 46.0/j 5 cusps 

found in the second molar tooth. In the Point of Pines 

population the trend toward cuspal reduction thus appears 

to be from first molar to third molar to second molar in 

this respect. However, this does follow a rule stated by 

Roorrees (1957142)- that "the second mandibular molar is 

most frequently modified to a 4 pattern." 

The fact that there also appears to be no trend from 

Y to + groove patterns from the first to third rnolar series 

is also unusual: it has not been reported in other studies. 

However, as previously noted, Dahlberg's theory regarding 

evolutionary cuspal pattern transition is that change from 

Y5 to the +4 pattern occurs through either+5 or Y4 stages. 

In this population such a transition may be taking place 

through the+ 5 stage in all three lower molar teeth. Very 

small percentages of molars having a Y4 cusp pattern were 

observed in the Point of Pines population. According to 

Heliman (1928) such transition must occur from an ancestral 

Y5 through Y4 to + 5 and +4 In sequence. However many fewer 

Y4 patterns were observed in this prehistoric population 

than would be expected if Hellman's hypothesis were true. 

Examination of these Indian teeth for intra-popula-

tion differences reveals that the unusual frequency of dis

tribution of cusp pattern discussed above is restricted to 
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the individuals from the late Point of Pines time phase only. 

Earlier Tularosa phase individuals show a significant dif

ference from this latter group in regard to these patterns. 

The Tularosa individuals from Turkey Creek Pueblo follow 

the trend observed in other populations. Four cusped patterns 

increase from first molar to second molar (31*2%) to 

third molar [$0.0%) teeth. Other Tularosa sites contain too 

few representatives to be reliable for comparison. 

Reference to Table XIV shows comparative data regard

ing lower molar cusp patterns in various other populations 

reported in the literature. Point of Pines Indians most 

resemble the Aleuts in cusp freauencies on the lower first 

molar tooth, both in numbers and pattern. They differ 

markedly fron the prehistoric Pecos Indians in having only 

1+8. Th Y5 pattern of the first molar, while Pecos Indians 

were reported to have 88.6;*> in this catagory. In addition, 

Point of Pines Indians were found to have 42.5/^ +5 cusp 

pattern, while Pecos Indians were reported to have only 10.8/i. 

Point of Pines Indians differ from the modern Pima 

Indians even more in the cusp pattern of the lower first 

molar. Dahlberg (1949) has reported that 99.1+% of the 

modern Pima Indians that he studied show a Y-5 pattern in 

the lower first molar. On this basis it is believed that 

the modern Pima Indians could not be descendents of the 

Point of Pines people. According to Bahlberg the Y5 pattern 

of the first molar tooth is a conservative element and is 



TABLE XIIIA 

FREQUENCY OF LOWER MOLAR PATTERNS OP POII1T OF PINES INDIANS 

Group Tooth Number Y5 Y4 + 5 + 4 Y + 5 Cusp 4 Cusp 
Ina.! Teeth N £ H 5* W C7_ /•> N F % ' % % * 

Point of Pines MI 350: 113 55 48.7 3 2.6 4S 42.5 7 6.2 51.3 48.7 92.2 8.8 

(Combined) M2 350: 113 20 17.7 13 11.5 ^2 20.3 48 42.5 29.2 70.8 46.0 54.0 (Combined) 

A 350.* 86 20 23.3 7 0.1 45 52.3 14 16.3 31.4 68.6 75.6 24.4 

Late Point of Fines 
47.5 96.7 Arizona V:10:50 MI 2-30: 61 29 47.5 0 .0 30 49.2 2 3.3 47.5 52.5 96.7 3.3 Arizona V:10:50 

Kg 200: 62 12 19.4 10 16.2 14 22.6 26 41.9 35.6 64.5 42.0 48.0 
200j 50 12 24.0 2 6.0 30 60.0 6 10.0 30.0 70.0 84.0 16.0 

Arizona V/s 10:51 ML 3 C .0 0 .0 1 33.3 2 66.7 .0 100.0 33.3 66.7 Arizona V/s 10:51 
Mo 5 1 20.0 0 .0 1 20.0 3 60.0 20.0 30.0 20.0 80.0 

1 0 .0 0 .0 0 .0 1 100.0 .0 100.0 .0 100.0 

Arizona W:10:52 
J 

>Li 
47= 22 12 5^.5 2 9.1 5 22.7 3 13.6 63.6 36.3 77.2 22.8 Arizona W:10:52 
47; 23 3 13.0 1 4.3 5 21.7 14 60.9 17.3 82.6 34.7 65.3 

K? y 47: 17 6 35.3 2 11.8 6 35.3 3 17.6 47.1 52.9 70.6 29.4 

Early Point of Pines 
47.0 9^.2 Turkey Creek MI 1$ 17 7 41.2 1 5.A 9 53.0 0 .0 47.0 53.0 9^.2 5.8 Turkey Creek 

Mp 73: 16 2 12.5 2 12.5 
Q J 56.3 3 18.7 25.0 75.0 68.8 31.2 

A 73; 14 1 7.1 3 21.4 6 42.9 4 28.6 28.5 71.5 50.0 50.0 

Jewett Gap MI 15! 7 7 100.0 0 .0 0 .0 0 .0 100.0 .0 100.0 .0 Jewett Gap 
MO 13: 6 2 33.3 0 .0 2 33.3 2 33.3 33.3 66.7 66.7 33.3 

Mj 13! 3 1 33.3 0 .0 2 66.7 0 .0 33.3 66.7 100.0 .0 

Higgins Flat MI 2; 2 0 .0 0 .0 2 100.0 0 .0 .0 100.0 100.0 .0 Higgins Flat 
Mo 1: 1 0 .0 0 .0 2 100.0 0 .0 .0 100.0 100.0 .0 

£ 
M3 1 0 .0 0 .0 1. 100.0 0 .0 .0 100.0 100.0 .0 

Arizona V:10:37 1 0 .0 0 .0 1 100.0 0 .0 .0 100.0 100.0 .0 

o 



TABLE XIV 

PERCENTAGE DISTRIBUTION OF OCCLUSAL PATTERNS ON LOWER FIRST MOLAR TEETH. 
COMPARISON OF POINT OF PINES INDIANS WITH OTHER POPULATIONS. 

Population Number Percentages Source Population 
Ind.1Teeth Y5 Y4 + 5 + 4 Y + 5 Cusps 4 Cusp 

Source 

Point of Pines 350: 113 48.7 2.6 42.5 6.2 51.3 48.7 92.2 8.8 Present study 
Turkey Creek 73» 17 41.2 5.8 53.0 .0 47.0 53.0 94.2 5.8 Present study 
Arizona W:10:50 200l 61 « ^7.5 .0 49.2 3.3 ^7.5 52.5 96.7 3.3 Present study 

Peoos Indians : 332 88.6 .0 10.8 .6 88.6 11.4 99.4 .6 Nelson, 1938 
Texas Indians : 160 68.7 .6 30.6 .0 69.3 30.6 99.3 .6 Goldstein, 1948 
American Indians 55: 97 100.0 .0 .0 .0 100.0 .0 100.0 .0 Hellman, 1928 
Pima Indians j 162 99.4 .0 .6 .0 99.4 .6 100.0 .0 Dahlberg, 1949 
Japanese (males) 438: 67.2 70.7 29.3 97.9 2.1 Suzuki & Sakai,195^ 
Japanese (females) 

• 
• 
• 72.7 Suzuki & 3akai,195^ 

Australians 20; 18 100.0 .0 .0 .0 100.0 .0 100.0 .0 Hellman, 1928 
Buriat Mongols 21; 100 100.0 .0 .0 .0 100.0 .0 100.0 .0 Hellman, 1928 
Eskimos 30! 29 97.0 .0 3.0 .0 97.o 3.0 100.0 .0 Hellman, 1928 
Alaska Eskimos i 67 89.6 1.5 6.0 3.0 91.1 9.0 95.6 4.5 Goldstein, 19^8 
E. Greenland Eskimos ! 16? 95.8 .0 3.0 1.2 95.8 4.2 98.8 1.2 I'edersen, 1949 
E. Greenland (skulls) j 141 95.7 .0 2.8 1.4 100.0 .0 100.0 .0 Pedersen, 1949 
Aleuts (E. and W.) 29: 41.4 .0 58.6 .0 41.4 58.6 100.0 .0 Moorrees, 1957 
Chinese 19; 26 100.0 .0 .0 .0 100.0 .0 100.0 .0 Hellman, 1928 
American Negroes 119; 179 98.0 l.o 1.0 .0 99.0 1.0 99.0 1.0 Hellman, 192ti 
W. African Negroes ^9: 97 99.0 1.0 .0 .0 100.0 .0 99.0 1.0 Hellman, 1928 
Uganda Negroes 100: 161 89.0 9 2.0 Steslicka, 1946 
Lublin Jews 32; 36 78.0 .0 .0 22.0 79.0 22.0 73.0 22.0 Steslicka, 1948 
Poles 35: 42 43.0 26 31.0 Steslicka, 1948 
•American Children 85! 164 74.0 12.0 13.0 1.0 86.0 14.0 87.0 13.0 Hellman, 1928 
Chicago Whites , : 75 84.0 6.0 2.0 2.0 92.0 4.0 86.0 10.0 Dahlberg, 1949 
European Whites 61; 98 87.0 7.0 2.0 4.0 94.0 6.0 89.0 11.0 Hellman, 1928 
Melanesian 237; 

« 
92.0 4.0 4.0 .0 96.0 4.0 96.0 4.0 Dahlberg, 1945 



TABLE XV 

PERCENTAGE DISTRIBUTION OF OCCLUSAL PATTERNS Oil LOWER SECOND KOLAR TEETH 
COMPARISON OF POINT OF FINES INDIANS WITH OTHER POPULATIOIIS 

Population Number Percentages Source 
Ind.jTeeth Y5 Yf +5 Y + y Cusps Cusp 

Point of Pines 350 113 17.7 11.5 28.3 42.5 29.2 70.8 46.0 54.0 Present study 
Turkey Creek 73 16 12.5 12.5 56.3 18.7 25.0 75.0 68.8 31.2 Present study 
Arizona Vtl0:50 200 62 19.4 16.2 22.6 41.9 35.6 64.5 96.7 3.3 Present study 

Pecos Indians 313 8.3 1.3 24.3 66.1 9.6 90.4 32.6 67.4 Nelson, 1938 
Texas Indians 206 1.5 3A 26.2 68.9 95.1 27.7 72.3 Goldstein, 1948 
American Indians 55 99 1.0 .0 31.0 69.0 1.0 100.0 32.0 69.0 Hellman, 1928 
Pima Indians 89 2.0 1.0 69.0 28.0 3.0 97.0 71.0 29.0 Dahlberg, 1949 
Japanese (males) 3.35 Suzuki & Sakai,1956 
Japanese(females) 1.72 Suzuki & Sakai,1956 
Tarascan Indians 76.8 23.2 Sullivan, 1926 
Australians 20 21 5.0 .0 43.0 52.0 5.0 95.0 48.0 52.0 Hellman, 1928 
Buriat Mongols 21 39 .0 5.0 31.0 64.0 5.0 95.0 31.0 69.0 Hellman, 1928 
Alaska Eskimos 132 12.8 3.0 63.8 20.5 15.8 84.5 7 6.6 23.5 Goldstein, 1948 
E. Greenland Eskimos 128 18.7 42.2 34.4 23.5 76.6 60.9 39.1 Pedersen, 194-9 
E. Greenland (skulls) 100 19.0 4.0 42.0 35.0 23.0 77.0 61.0 39.0 Pedersen, 1949 
Aleuts (E. and W.) 36 .0 .0 55.5 44.5 .0 100.0 55.5 44.5 Moorrees, 1957 
Chinese 1? 21 .0 .0 19.0 81.0 .0 100.0 19.0 81.0 Hellman, 1928 
American Negroes 119 218 6.0 21.0 24.0 49.0 27.0 73.0 30.0 70.0 Hellman, 1928 
Uganda Negroes 100 157 22.0 12 66.0 Steslicka,194fl 
V. African Negroes k? 96 17.0 12.0 8.0 63.0 29.0 71.0 25.O 75.0 Hellman, 1928 
Negroes 

49 
73.0 27.0 Sullivan, 1926 

Lublin Jews 3? 49 6.0 .0 .0 94.0 6.0 94.0 6.0 94.0 Steslicka, 1946 
Ancient Hungarians 42 54 2.0 9.0 11.0 77.0 11.0 88.0 13.0 86.0 Hellman, 1928 
Poles 35 46 4.0 .0 .0 96.0 4.0 96.0 4.0 96.0 Steslicka, 1948 
American children 85 95 .0 4.0 6.0 90.0 4.0 96.0 6.0 94.0 Hellman, 1928 
European V/hites 61 110 .0 5.0 1.0 94.0 5.0 95.0 1.0 99.0 Hellman, 1928 
Melanesian 194 .5 97.5 12.0 .0 88.0 12.0 12.5 87.5 Dahlherg, 1945 
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least subject to change of any of the molar teeth. As has 

been indicated, the evolutionary trend has been toward 

reduction in molar cusp pattern from Y5 to+ 4* it appears 

improbable that the modern Fima Indians, having an ancestral 

type of first molar pattern, could be descended from the 

much earlier Point of Pines Indians who had already shown 

high frequencies of an evolutionary more recent type of 

pattern. This would require reversibility of evolution, 

which although possible, is not statistically probable accord

ing to Muller (1939) and G. G. Simpson (1953-311) • 

The Aleuts and Point of Pines Indians share the dis

tinction of having a lower percentage of Y5 pattern in the 

lower first molars than any other population observed, 

except for the Poles (3teslicka:194&)• &ut both Aleuts and 

Point of Fines Indians retain a high percentage of 5 cusps. 

As is shown in Table XIV, with the exception of the Poles 

the Y5 pattern in the lower first, molar ranges from a 

frequency of 74/^ in American Indian children (Hellman:1926), 

to 100$ in one small series of American Indians, and even 

smaller series of Mongols, native Australians, and Chinese. 

However in the second molar (Table XV) the Point of 

Pines population retains considerably more of the Y5 pattern 

than do the Aleuts. In this tooth the percentage of Y5 

ranges from zero in populations of such diverse racial groups 

as the Mongols, Chinese, American children, European Whites 
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(Hellman:192$), Poles (Steslicka:194S), and Eskimo (Lambert: 

1877), to 19% in East Greenland Eskimos (Pedersen:1949) and 

22% in Uganda Negroes (Steslicka:1948)• In comparison the 

Point of Pines Indians retain a Y5 pattern of 17-7^. Con

trary to the case in the first molar tooth, the Point of 

Pines people retain a higher freauency of the ancestral 

pattern in their second molar (29-2%), than was reported in 

the Pecos Indians (9-6^). 

The Y5 pattern in the lower third molars (Table XVI) 

is retained among Point of Pines Indians more frequently 

(23*3/^) than in any other population with which they were 

compared, except for the Lublin Jews (2fyv). 47*5% of the 

individuals dating from the late phase at Point of Pines were 

found to have the Y5 pattern in the third molars, a consider

ably higher freauency than has been reported for other popula

tions. In addition, the Point of Pines Indians were observed 

to have a higher freauency of Y groove patterns (31 *k°/°) on 

this tooth than found in other groups. 

Only 18 deciduous lower second molar teeth were 

available, and these are tabulated in Table XX. The Point of 

Pines children were found to have an incidence of 55-6/£ Y5 

pattern and 94•5/^ 5 cusped molars. Wo teeth having a Y4 

pattern, and only 1 tooth with a 4 pattern were found. This 

would indicate that the deciduous teeth of these people 

differed from the permanent dentition in regard to lower 

molar pattern. However due to the small size of the sample 

such a conclusion must remain doubtful. 



TABLE XVT 

PERCENTAGE DISTRIBUTION 0- OCCLUSAL PATTERNS ON LO'./ER THIRD MOLAR TEETH 
COl'TARIGOlI 0? POINT CF FINES INDIANS './TEH OTHER POPULATIONS 

Population Number Percentages Source 

Ind. Teeth Y5 Y4 +5 +4 Y + 5 Cusps 4 Cusp 

Point of Pines 350 86 23.3 8.1 52.3 16.3 31.4 68.6 75.6 24.4 Present study 
Turkey Creek 73 14 7.1 21.4 42.9 28.6 28.5 71.5 50.0 50.0 Present study-
Arizona W:10:50 200 61 ^7.5 .0 49.2 3.3 u1.5 52.5 96.7 3.3 Present study 

Pecos Indians 249 8.4 4.8 51.0 35.9 13.2 86.8 59.^ 40.6 Nelson, 1938 
Texas Indians 91 12.1 6.6 47.3 3^.1 18.7 81.4 5S.k 40.7 Goldstein, 1948 
American Indians 55 84 .0 5.0 75.0 19.0 5.0 9^.0 75.0 24.0 Hellman, 1928 
Pima Indians 7 .0 .0 57.0 14.0 .0 71.0 57.0 14.0 Dahlberg, 1949* 
Australians 20 23 14.0 .0 72.0 14.0 14.0 86.0 86.0 14.0 Hellman, 1928 
Melanesians 164 11.0 19.0 64.0 .0 30.0 64.0 75.0 19.0 Dahlberg, 1945* 
Buriat Mongols 21 31 .0 .0 77.0 23.0 .0 100.0 77.0 23.0 Hellman, 1928 
Eskimos 30 29 .0 .0 52.0 48.0 .0 100.0 52.0 48.0 Hellman, 1928 
Alaska Eskimos 59 20.4 .0 69.5 10.2 20.4 79.7 89.9 10.2 Goldstein, 1948 
E. Greenland Eskimos 63 15.9 7.9 73.0 3.2 23.8 76.2 88.9 11.1 Pedersen, 1949 
E. Greenland (skulls) 46 15.2 10.9 73.9 .0 26.1 73.0 89.1 10.9 Pedersen, 19^9 
Aleuts (E, and W.) 14 .0 .0 75.0 25.0 .0 100.0 75.0 25.0 Moorrees, 1957 
Chinese 19 16 .0 .0 50.0 50.0 .0 100.0 50.0 50.0 Hellman, 1928 
American Negroes 119 187 4.0 3.0 63.0 30.0 7.0 93.0 67.0 33.0 Hellman, 1928 
Uganda Negroes 100 137 20.0 39 41.0 Steslicka, 1948 

W. African Negroes 49 88 20.0 3.0 59.0 17.0 23.0 76.0 79.0 20.0 Hellman, 1928 
Lublin Jews 32 31 26.0 13 61.0 Steslicka, 1948 

Ancient Hungarians 42 35 6.0 11.0 1 3^.0 4 9.0 17.0 83.0 40.0 6o.o Hellman, 1928 

Poles 35 3k 5.0 21 7^.0 Steslicka, 1948 

European Whites 61 74 4.0 .0 | 3^.0 62.0 4.0 96.0 38.0 62.0 Hellman, 1928 

* Does not add up to lOOyo, Goldstein does 
side. Pedersen, Nelson, Dahlberg, Steslicka, 
and +5 together. 

IUU UXo t/Xilgu-Loil UCl/»COU WA A. f W \jx .L j_gnt 

Hellman do not distinguish sides. Steslicka lumps Y4 



TABLE XVII 

PERCENTAGE DISTRIBUTION OF MAXILLARY FIRST MOLAR PATTERNS 

Group Source Group 
Indv. teeth 4 4- 3+ 3 

Source 

Point of Pines 350 144 45.1 ,48.1 3.5 3.5 Present study 

Arizona V; 10:50 200 74 51.4 43.2 4.1 1.3 Present study 

Turkey Creek 73 20 20.0 65.O 5.0 10.0 Present study 

Arizona W:10:52 31 48.4 45.2 3.2 3.2 Present .^tudy 

Pecos Indians 285 .0 98.9 1.1 .0 Nelson, 1938 
Texas Indians 270 99.6 .0 .0 .0 Goldstein, 1948 

Blackfoot Indians 20 90.0 10.0 .0 .0' Dr-hlberg, 194? 
Pima Indians 322 99.^ .6 .0 .0 Dahlberg, 1949 
Ainu 18 92.0 Suzuki & Sakai,1957 
Japanese-Ainu hybrid 11 80.0 Suzuki & Sakai,1957 
Northwest Eskimo 26 88.0 8.0 .0 4.0 Dahlberg, 1949 
Labrador Eskimo 23 79.0 17.0 .0 4.0 Dahlberg, 1949 
E. Greenland Eskimo(sku] Is) 59 100.0 .0 .0 .0 Federsen, 1949 
E. Greenland Eskimo 186 100.0 .0 .0 .0 Pedernen, 1049 
Melanesian 266 98.0 2.0 .0 .0 Dahlberg, 1949 
Chicago White children 53 69.0 29.0 2.0 .0 D'Jilberg, 1949 
American Whites 

• 

106 95-0 3.0 .0 2.0 Hellman, 1928 

!~» 
H 
vrt 



TABLE XVIII 

PERCENTAGE DISTRIBUTION OF MAXILLARY SECOND MOLAR PATTERNS 

Group Number Percentages Source Group 
Indv. jTeeth 4 4- 3+ 3 

Source 

Point of Pines 
Arizona V/: 10:50 
Turkey Creek 
Arizona W:10:52 
Pecos Indians 
Texas Indians 
Blackfoot Indians 
Pima Indians 
Ainu 
Japanese-Ainu hybrid 
Northwest Eskimo 
Labrador Eskimo 
E. Greenland Eskimo( 
E. Greenland Eskimo 
Melanesian 
Chicago White childr 
American V/hite 

350 
200 

73 

18 
11 

skulls 

en 

126 
63 
20 
26 
278 
228 
18 
162 

17 
22 

53 
181 
216 
11 
92 

1.5 
9.5 
5.0 
15.4 
66.1 

59.3 
22.2 
11.0 
4.0 
10.0 
12.0 

9.0 
64.1 

65.7 
50.0 
.0 

38.0 

35.7 
38.1 
35.0 
26.9 
.0 
.0 

50.0 
47.0 

23.0 
14.0 
.0 
.0 

37.0 
55.0 
20.0 

23.8 
22.2 
40.0 
19.2 
32.1 
.0 
.0 

23.0 

27.0 
26.0 
.0 
.0 
.0 

27.0 
.0 

39.0 
30.2 
20.0 
38.5 
1.4 
39.4 
27.8 
19.0 

le.o 
4l.O 

35.9 
34.3 
13.0 
13.0 
42.0 

Present study 
Present stu-ly 
Present study 
Present ."L.udy 
Kelson, 1938 
Goldstein, 1048 
Dahlberg, 1949 
Dahlberg, l'}49 
Suzuki & Sakai, 1957 
Suzuki L Sakai, 1957 
D'.hlborg, 1949 
Dahlberg, 19 ̂ 9 
Pedersen, 19 :̂9 
Pedersen, 19^-9 
Dahlberg, 1949 
Dahlberg, 1949 
Hellnan, 1920 

hJ 
CN 



TABLE XIX 

PERCENTAGE DISTRIBUTION OF MAXILLARY THIRD MOLAR PATTERHS 

Group Percentages Source Group 
Indv. Teeth 4 4- 3+ 3 

Source 

Point of Pines 350 78 9.8 14.1 39.9 37.2 Present study 
Arizona W: 10:50 200 42 9.5 11.9 35.7 42.9 Present study 
Turkey Creek 73 8 .0 12.5 62.5 25.0 Present study-
Arizona V/:10:52 17 11.8 23.5 35.3 29.4 Present study 
Pecos Indians 227 33.4 .0 21.2 40.6 Nelson, 1938 
Texas Indians 158 36.7 .0 .0 53.8 Goldstein, 1948 
Pima Indians 25 4.0 12.0 8.0 72.0 DahTberg, 1949 
Northwest Eskimo* 12 8.0 .0 .0 44.0 Dahlberg, 1949 
Labrador Eskimo** 12 8.3 .0 33.2 41.5 Dahlberg, 1949 
E. Greenland Eskimo(skulls) 41 34.1 .0 .0 65.9 Pedersen, 1949 
E. Greenland Eskimo 101 33.3 .0 .0 66.7 Pedersen, 1949 
Melanesian 164 14.0 44.0 .0 40.0 Dahlberg, 19^9 
American White 83 21.0 24.0 .0 55.0 Hellman, 1928 

* 32<f3 congenitally missing ** 16.2^ congenitally missing 

i-> 
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Predominantly 5 cusped patterns have also been reported 

in the deciduous lower molar teeth of other populations. 

Suzuki and Sakai (1956) reported that they had found the Y5 

pattern in 97*5% of the Japanese childrens' teeth that they 

had examined. In Denmark, Jorgensen had found a similar 

situation, stating that "in only one case of 1140" was there 

lack of 5 distinct cusps (1956, 32). Hanihara (1956:163) 

studied the deciduous lower molars of 3 to 6 year olds, 

including 134 pure Japanese, 65 Japanese-American White 

hybrids, and 35 Japanese-American Negro hybrids. He found 

the Y5 pattern much more frequent in the second molar than 

the first, and concluded that "the deciduous dentition retains 

more primitive features than permanent dentition". 

B• Maxillary Molar Teeth 

In modern man the maxillary molars generally have four 

occlusal cusps, however this number is sometimes reduced to 

three. The hypocone, or distolingual cusp, has been found 

to be progressively reduced among modern humans in size from 

the first to the third molar and is often completely absent, 

particularly in the third molar. This evolutionary trend 

toward a reduction in the number of cusps in maxillary 

molars through the reduction or elimination of the hypocone 

is also found in many anthropoids (Keith 1913 J Schuman and 

Brace 1955)* Moorrees (1957^32) notes that this trend "is 

more marked in females than in males of all populations that 

have been studied." 



4 4- 3 + 3 
B 

M 

Fig. B Illustration of the four main t^es of l-'axillary 
occlusal patterns found on molar teeth. Pa » paracone, 
Me = metacone, Pr = protocone, Ey « hypocone, K • 
mesial, D « distal, B » buccal, I, ° lingual. ' Adapted 

from rahTberg 19^9:168) 
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TABLE XX 

FREQUENCY OP DECIDUOUS LOWER SECOND MOLAR PATTERNS OF POINT OF PINES 
INDIANS 

I Group Number Y5 Y4 +5 +4 
Indv. Teeth N / °  N 7° N 11 % 

Point of Pines* 130 18 0 .0 0 .0 2 66.7 1 33.3 

Arizona W:10:50 71 12 7 58.3 0 .0 5 M.7 0 .0 

Arizona V;10:52 27 J 3 • 3 100.0 0 .0 0 .0 0 .0 

Turkey Creek 32 3 0 • .0 0 .0 2 
« 

66.7 1 
• 

33.3 

* Combined Point of Pines population 
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Relative comparison with other studies of upper 

molar cusp patterns is rendered difficult in some instances 

because many authors have simply noted whether 4 or 3 cusps 

were present (Pedersen 1949; Goldstein 194&5 Moorrees 1957)• 

Hooton (1930) also uses this system, but did modify it to 

the extent that one individual was listed as being in a l/2 

catagory in the Pecos collection. Nelson (1938) reclassified 

the Pecos teeth according to the more detailed system generally 

used by Dahlberg (1949), Campbell (1925), Shaw (1931), and 

Suzuki and Sakai (1957)• 

Four cusps of about equal size on an upper molar are 

classified in this latter system as 4- If the hypocone is 

somewhat reduced in size, the tooth is termed 4~- in teeth 

in which the hypocone is completely absent the tooth is 

designated a 3, and if there is a small cuspule on the 

distal border it is termed a 3+ pattern. This classification 

is shown in Figure which shows an example of each type 

as found in the Poir.t of Pines Indians. 

The upper molar pattern in early man was typically 

4-4-4, in which all three maxillary molar teeth had a 

nearly full-sized hypocone. As in the lower molars, the 

tendency in modern man appears to be toward reduction in 

cusps. In modern man there is a definite tendency toward a 

4-3-3 cusp pattern. 

The incidence of 4 cusps in the maxillary first 

molar teeth (Table XXI) of the Point of Pines Indians is 93%-



TABLE XXI 

MAXILLARY FIRST MOLAR PAIT5RN DISTRIBUTION IIJ" POINT OF PINES INDIANS 

Group Number 4 4- 3+ 3 Group 
Indv.l Teeth N : C* 

/* N % N : fo N r> 

Point of Pines * 
» 

350 \ 144 
• 

65 45.0 69 48.0 5 \ 5.5 5 5.5 

Arizona V/: 10:50 200 i .74 
• 

58 51.4 52 45.2 5 : 4.1 1 1.5 

Arizona V:10:51 . S 4 
• 

2 50.0 1 25.0 0 ; .0 1 25.0 

Arizona W:10:52 i 51 15 48.4 14 45.2 2 * 5.2 1 3.2 

Turkey Creek 75 I 20 
t 

L 20.0 15 65.O 1 : 5.0 2 10.0 

Jewett Gap 1 5 :  5  
• 

5 100.0 . 0 .0 0 .0 0 .0 

Arizona V.':10:;>7 6: 6 
9 

1 16.7 5 
1 

83.5 0 ; .0 0 .0 

Hig^ins Flat 7 S 4 0 .0 4 ! 100.0 • 0 .' .0 0 
• 

.0 

* Combined Point of Pines population 



TABLE XXIA 

MAXIILAHY SSCOZD MOLAR PATTERN DISTRIBUTION 111 TOUTS 07 ILIRJJ IKAL'.X 

Group Nimher 4 4- \ Group 
Indv. Teeth N fo N £ i: 1 

• 

/ 11 C* t* 

Point of Pines* 350 126 12 1.5 45 35-7 30 ro
 

vn
 

• C
D

 

39 39.0 

Arizona W:10:50 200 63 6 9.5 24 39.1 14 22.2 19 30.2 

Arizona 'J: 10:51 4 0 .0 . 4 100.0 0 .0 0 .0 

Arizona W:10:52 26 4 15.4 7 26.9 5 19.2 10 36.5 

Turkey Creek 73 20 1 5.0 7 35.0 9 40.0 4 20.0 

Jewett Gap 13 5 1 20.0 1 20.0 2 40.0 1 20.0 

Arizona V/:10:37 5 0 .0 2 40.0 .0 3 60.0 

Hig^ins Flat 3 0 .0 0 .0 1 J J • • 2 S*.7 

* Combined Point of Pines population 

H 
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TABLE XXIB 

MAXILLARY THIRD MOLAR PATTERN DISTRIBUTION IN POIUT OF PINS3 INDIANS 

Group Number 4 4- *; Group 
Indv. Teeth N * N < N N 

Point of Pines* 350 78 7 8.8 11 14.1 31 39.9 29 37.2 

Arizona V:10:50 200 42 4 9.5 5 11.9 15 35.7 18 42.9 

Arizona V.':10:51 2 0 .0 1 50.0 1 50.0 0 .0 

Arizona ".V110:5 2 17 2 11.8 4 23.5 6 35.3 5 29.4 

Turkey Creek 73 8 0 .0 1 12.5 5 62.5 2 25.0 

Jewett Gap 13 2 1 50.0 0 .0 1 50.0 0 .0 

Arizona W:10:37 6 4 0 .0 0 .0 1 25.0 3 75.0 

Higgins Flat 7 7 J 0 .0 0 .0 2 66.7 l 33.3 

* Combined Point of Fines population 
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However 62.8% of second molars, and 77*1% of third molars have 

°nly 3 cusps. As in the mandibular first molar, the maxillary 

first molar shows the highest frequency of the ancestral 

pattern. The most common pattern observed in the first molar 

is 4- (48%), 3 pattern in the second molar (39%), and the 

most typical pattern for the third molar is 3+ (39.9%). As 

was the case in the lower molars, the upper third molars 

have retained a higher percentage (8.8%) of the ancestral 

pattern than the second molars (1.5%). 

No statistically significant difference was found in 

the freauencies of occlusal patterns of the maxillary molar 

teeth of the Tularosa individuals as compared to the Point of 

Pines phase individuals. 

The Point of Pines Indians, in comparison to other 

Indian populations in which this feature has been reported, 

differ markedly in regard to the first molar pattern. 98.9% 

of the Pecos first molars were of a 4- pattern, and none were 

in the 4 classification. Yet 45-1% (51.4% of Arizona W:10:50J 

of the Point of Pines population had a 4 pattern, and only 

48% (65% of Turkey Creek Pueblo) had a"4- pattern in this 

molar. Point of Pines teeth also differed from those of the 

Blackfoot Indians (90%) as is shown by the Chi Square test: 

Group No. of teeth Exp. No. of teeth Exp. Total 
in 4 catagory not 4 catagory 

Exp. 

Blackfoot 20 11.2 2 10.8 22 

Point of Pines 65 73-7 79 70.3 144 

Total 85 1 gl 166 



127 

This results in X^ = 16.3, and P = ^>.001. A similar 

statistically significant difference in the incidence of 

the 4 pattern in first molar teeth was found when the Point 

of Pines Indians were compared to the Texas Indians (99-6%). 

The Chi Square test is tabulated as follows: 

Group No. of teeth 
in 4 catagory 

Exp. No. of teeth 
not 4 

Exp. Total 

Texas 269 217.8 1 52.2 270 

Point of Pines 65 116.2 79 27- 144 

Total 334 80 414 

2 
X is found to be 179.1, and P = "P-.001. A further comparison 

is made with the Pima Indians, who have been reported as 

having an incidence of 99.1+% 4 pattern of the first molar 

tooth. 

Group No. of teeth 
in 4 catagory 

Exp. No. of teeth 
not 4 

Exp. Total 

Pima 320 266 2 56 322 

Point of Pines 65 119 79 25 144 

Total ;385 
81 

466 

In this case X^ = 297*2, and P =^>*.001. Therefore the Pima 

Indians also show a statistically significant difference in 

this occlusal pattern incidence from the Point of Pines 

population. In regard to the first molar the Point of Pines 

Indians do not appear to resemble any other group, and are 

between the extremes of the Pecos and Pima Indians in regard 



125 

to the 4 occlusal pattern. In general the Point of Pines 

Indians also have a higher percentage of the 3+ and. 3 upper 

molar patterns than the groups which they have been compared. 

An incidence of only 1.5% of the 4 pattern is retained 

in the second molar. This is less than in any other group 

to whom they were compared except Chicago White children. The 

Point of Pines Indians are not similar to any other group in 

regard to the incidence of 4 and 4- patterns of this tooth. 

1.5% of the Point of Pines second molars were observed to have 

a 4 pattern, and 35*7% to have 4- pattern. This compares to 

66.1% of the 4 pattern'in Pecos second molars, and none with 

a 4-. Incidence of the 4 pattern differs from that found in 

the Texas Indians (59*3%), the Blackfoot (22.2%), and the 

Pima Indians (11%). In each case these differences were 

found to be statistically significant by Chi Square test 

x2 _^ ̂ Q-E)^^ ^ These tabulations are given as follows. 

Group. No. of teeth 
of 4 type 

Exp. No. of teeth 
not 4 type 

Exp. Total 

Texas 135 88.2 93 139.8 228 

Point of Pines 2 48.8 124 77-2 126 

Total 137 217 354 

X2 = 113-8, P = >.001. 
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Group No. of teeth 
of 4 type 

Exp Wo.of teeth 
not 4 type 

Exp. Total 

Blackfoot 4 .8 14 17.2 18 

Point of Pines 2 5.2 124 120.8 126 

Total 6 13S 144 

X2. = 15.4, P = >-.001. 

Group tfo. of teeth 
of 4 type 

Exp. No. of teeth 
not 4 type 

Exp. Total 

Pima 20 13 162 169 182 

Point of Pines 2 9 124 117 126 

Total 22 286 308 

X2 = 9.9, P = ^.01 «<-.001. . 

Both Texas and Point of Pines Indians are similar in that 

both have an incidence of about 39^ for the 3 pattern of the 

second maxillary molar tooth. 

In the third maxillary molar 8.8% of the Point of 

Pines Indians retain the 4 pattern. This is less than was 

reported in the Pecos third molars (33.4$), and Texas Indians 

(36.7$), but more than reported for the Pima Indians (4$). 

The Chi Square test for comparison of these three 

populations in this respect gives the following results: 

Group No. of teeth 
of 4 pattern 

Exp. No. of teeth J Exp. 
not 4 pattern 

Totals 

Pecos 

Point of Pines 
m . . -1 

76 

7 

61.8 

21.2 

151 I165.2 
71 I 56.8 

227 

78 
O r*i c 
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X2 = 17.6, P = >-.001. 

Group No. of teeth Exp. No. of teeth Exp. Totals 
of 4 pattern not 4 pattern 

Texas 5S 43-5 100 114-5 158 

Point of Pines 7 21.5 71 56.8 78 

Total 65 171 236 

X2 = 20.1, P = >.001. 

Group No. of teeth Exp. No. of teeth Exp. Totals 
of 4 pattern not 4 pattern 

Pima 1 1.9 24 23.1 25 

Point of Pines 7 6.1 71 71.9 78 

Total 8 95 103 

X2 = .61, P - ~P>-50 <1 -30. 

Thus while it was found that the difference in incidence 

of the 4 occlusal pattern in maxillary third molars is statis

tically significant between, the Point of Pines population and 

the Pecos and Texas Indians, this difference is not statistically 

significant for the Pima and Point of Pines Indians. 

Point of Pines Indians are similar to Northwest and 

Labrador Eskimo teeth in that all three groups retain about 

Bfo of the 4 pattern. Inspection shows that the Point of Pines 

third molar tooth has a higher frequency of both the 4- and 3+ 

patterns than do these other Indian groups. 
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Thus, in general, the maxillary molar teeth do not 

appear to resemble those of any of the other populations to 

which they have been compared in regard to the incidence of 

the occlusal cusp patterns in each tooth. 



GH APT-ER VII. THE PRO TPS TYLID 

The protostylid is a cusp which is present only upon 

the anterior portion of the buccal surfaces of lower molar 

teeth. It has a close relationship to the buccal groove 

separating the hypoconid from the protoconid. Protostylids 

represent a distinct form from the general group of super

numerary, anomalous, or stylar cusps which are found on the 

buccal surfaces of upper as well as lower teeth in the molar 

and premolar series. 

Dahlberg (195^:16-17) has precisely described this 

eminence "as an elevation or ridge of enamel on the anterior 

part of the buccal surface of the lower molars, which ascends 

from the gingival end of the.buccal groove and extends mesio-

occlusally. It occurs in varying degrees of prominence. The 

buccal groove is diverted posteriorly in its straight course 

from the occlusal surface as it meets the distal part of the 

cusp. This bending of the inferior portion of the buccal 

groove is also found in some modern population groups where 

the groove tends to be prominent despite the absence of the 

cusp itself. In addition, a pit is frequently found 021 the 

lower molars at this site. The disto-buccal groove separat

ing the hypoconid and hypoconulid has .neither the bend nor 

the pit". Figure 9 • shows examples of these three types of 

132 



. 9 Illustration of the three forms of the Protostylid, (A) Protostylid Cusp, 
Irotostylid Groove, (C) Protcstylid Pit. ( Buccal Aspect) 
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expression of the protostylid cusp, pit, and groove, as 

found in the Point of Pines Indians. 

Other terms by which the protostylid is known are 

mentioned by Suzuki and Sakai (1954) in a discussion of 

this feature in Japanese teeth in Zinruigaku Zassi: "It is 

the phenomenon which is called the 'mesio-buccal edge pro

minence' by Greve and Dejonge, while Takabatake and Suganuma 

call it the 'surplus ridge' (Kwa-jo) or-the 'abnormal ridge' 

(i-jo) ." 

Bolk (1916) based his theories of human dentition 

upon the assumption that the supernumerary cusp or tubercle, 

which he called the paramolar cusp, could be found on second 

and third permanent molars but never on the first molar. 

This in turn was based upon his failure to find this para

molar cusp on any permanent first molars out of 20,000 cases 

which he examined. To Bolk, supernumerary teeth were con

sidered as reversions and represented teeth of the ancestral 

condition in evolution. Thus he believed that the paramolar 

cusps were derived from the paramolar supernumerary teeth, 

which during development had joined to the permanent molars. 

'J-his was through his concept of a third premolar and a fourth 

molar, or distomolar, which he claimed had been lost in the 

process of evolution. The paramola'rs represent expression of 

these lost posterior teeth of the deciduous dentition. Since 

the first permanent molar belongs to the deciduous series, it 
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cannot, according to Bolk, occur in this tooth. This is be

cause it is hypothesized that only the second and third 

permanent molars have teeth which develop labially and 

buccally to them. For this reason, according to Bolk, 

fusion producing a paramolar cusp could only occur on these 

two teeth. 

This atavism theory, which is further discussed in 

regard to supernumerary teeth in a later portion of this 

paper, was disproved by Dahlberg (1945) who reported the 

occurrence of Bolk's paramolar cusps on lower first permanent 

molars in three instances. Dahlberg noted'that Schwarz in 

1925 had found paramolar cusps on the. lower first molar teeth 

of a Melanesian mandible, and also in a White Swiss youth. 

To this Dahlberg introduced the evidence of presence of such 

a structure on the lower first molars of the mandible of a 

New Hebridges Melanesian (U.S. National Museum #227, 455), 

a New Britain Melanesian (Chicago Natural History'Museum 

#43131), and of a living White female. Since that time this 

feature, termed the "protostylid" by Dahlberg (1950), has 

been found sporadically in a few contemporary populations. 

The protostylid is-of particular interest due to its 

apparent evolutionary significance. Robinson (1956) has 

reported occurrence of "shelf-like protoconidal cingula" or 

pits and grooves in permanent lower first molars in several 

of the Australopithecines, including Taungs (p. 107), Makapan 

(p. 106), Kromdraai (p. 104), and Sterkfontein (p. 105)> as 
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well'as in many lower second and third molars of these 

specimens. 

A cast of Australopithecus prometheus given to the 

author by Dr. Dahlberg has a very distinct buccal .cusp on the 

protoconid bilaterally on each lower deciduous first and 

second molar. Dahlberg states that W. K. Gregory has noted 

that these are "evidently homologous with the external 

cingulum. on M-j_ Mg in Leakey's Proconsul" (1950': 18). Dart 

(1943:405) called this a "laterally-disposed enamel ridge 

from the main mass of the antero-external cusp." 

Weidenreich has reported the occurrence of the 

protostylid in Meganthropus palaeo.iavanicus von Koenigswald 

(1945:41-2, and Plate 6), and Sinanthropus pekinensis (1937). 

But appearance of this structure in modern Homo sapiens 

appears most rarely, and it is generally considered as being 

an ancestral trait." This is in .contraposition to the 

evolutionarily recent appearance of Carabelli's cusp. 

Until ten years ago only 10 isolated instances of 

the presence' of a protostylid had been reported on the first 

permanent molars in modern human populations. These con

sisted of the 3 cases reported by Dahlberg (1945) previously 

mentioned, the 2 cases of Schwarz.in 1925, and 5 cases found 

by de Jonge-Cohen (193$; 1939; 1947; cited by Dahlberg 1950). 

All 11th instance of the occurrence of the protostylid cusp on 

the lower first molar has been reported by Snow in one Pre

historic Indian Knoll individual (#826). 
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However, since that time nearly 200 more cases have 

been reported of occurrence of a protostylid structure on 

lower permanent first molar teeth in modern populations, 

mostly among the Japanese. These investigations have 

apparently been spurred by Dahlberg's (1949; 1950) unique 

finding of the cusp on the first permanent molar and deciduous 

second molar in 37, or 47%, of 80 Pima Indians. Twenty-five, 

or 31$ of these were on the first permanent molar. Since 14 

individuals showed this feature bilaterally on the first 

molars, and 22 had the - cusp bilaterally on the deciduous 

second molars, a definite tendency for the trait to be 

bilateral appears to exist. 

Recent studies by the Japanese have shown occurrence • 

of the protostylid in this group. Takuro Sakai (1954) 

examined 1253 living Japanese for this trait and found "of 

the 83$ males, 103 (12.29$) -have the protostylid in varying 

degrees of prominence on the lower permanent'first molars. 

Of the 415 females, 47 (11.33%) "have the protostylid on the 

lower permanent first molars. This rate is lower than that of 

males, yet it makes no difference statistically." Hanihara 

(1956:116) found that in Japanese deciduous dentitions "the 

protostylid is mo're frequently observed in M2 than in M^." 

In a study of 81 Japanese deciduou-s lower second molars 

Hanihara found that 24.7$ had a "trace", and 8.6$ were 

"distinct". Among 60 lower deciduous second molars of 
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REPORTED FREQUENCY OF OCCURRENCE OF THE PROTOSTYLID IN 
VARIOUS POPULATIONS 

Group fo. of No. of Presence Source Group 
Lndv. teeth No. | tff p  

American Indians • 

Point of Pines 350 715 44 12.6* present study 
Arizona W:10:50 236 469 31 13.1* present study 
Turkey Creek 73 104 11 15.1* present study-
Jewett Gap • 13 . 39 1 '7.7* present study-
Higgins Flat ' 7 9 0 .0* present study 
Pueblos Indians 22 20 90.9* Dahlberg, 1950 
San Carlos Apach e 25 (M1-M3) 25 100.0* Dahlberg, 1950 

Point of Pines 350 715 . 6 1.7** present study* 
Arizona W:10:50 236 469 4 1.7** present study* 
Turkey Creek ' 73 104 1 1.4** present study* 
Jewett Gap 13 39 2 15.3** present study* 
Higgins Flat 7 9 0 .0** present study 

Pima 80 (Mi.mo) 36 46.0 Dahlberg, 1949 
Arizona Cliff 29 0 .0 Dahlberg, 1949 
Hopi skulls 42 (MJ ' 0 .0 Dahlberg, 1949 
Indians 129 

(MJ ' 
0 iO Dahlberg. 1949 

Indian Knoll 25 (Mi) 49 1 4.0 Snow, 1949 
Mongoloid 

Japanese childre n 81 (m2) 27 33.3 Hanihara, 1956 
Japanese-American 

(m2) 23.4 White children i 60 (m2) 23.4 Hanihara, 1956 
Japanese-American 

(m2) 

Negro children 29 (m2) 13.8 Hanihara, 1956 
Japanese 1250 

(m2) 
150 12.0 Sakai, 1954 

Japanese (Mi) I8.5 - Suzuki & Sakai,1954 
Japanese males' 838 

(Mi) 
103 • 12.3 Sakai, 1954 

Japanese females 415 47 11.3 Sakai, 1954 ' 
• Eskimo skulls 58 (Ml) ' 0 .0 Dahlberg, 1949 
East Greenland 3^0 (Ml 0 • .0** Pedersen, 1949 
American Eskimo 325 (Ml) 0 .0** Leigh, 1925 
E. & W. Aleuts 9^ 0 .0 Moorrees, 1957 
Eastern Aleuts 45 0 .0 Moorrees, 1957 
Western Aleuts 32 0 • • .0 Moorrees, 1957 

* Pits only . ** Cusp only 
1 m^, m2» Mj, M2, Mj (But no cusp was found on of 

any Point of Pines Indian) 
2 But some were found on M2, M^. Does not include pita 

or grooves, which were common,according to Pedersen. 
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Japanese-American White hybrids 21.7% showed a "trace" and 

1.7% were "distinct", while in 29 Japanese-American Negro 
hybrids 13showed a "trace". Suzuki and Sakai (1957) 

reported the frequency of the protostylid on the first molars 

of living Sakhalin Ainu as 5«3^ • 

Among the East Greenland Eskimo Pedersen found- no . 

protostylid cusp on the lower permanent first molar in a 

series of 340, although a few such cusps were present on 

second and third molars. But Pedersen (1949:117) did find 

a-very high incidence of quite pronounced facial pits "(fora-

men caecum Milleri)" and grooves among both East and West 

Greenland Eskimo groups. 

Out of 350 Point of Pines Indians 44 i-ndividuals, 'or 

12.6$, were found to have at least one form of protostylid 

structure. Since many of the total sample were children and 

did not yet have permanent molars, and in other cases molar 

teeth had been lost, this proportion may-actually have been 

higher. • 

However, no individuals were found to have a protostylid 

cusp- on the permanent lower first molar tooth. A total of 7 

cusps from 6 individuals were found. Three of these were on 

the second molar and 4 were located on the third molar. Six 

protostylid grooves from 4 individuals were also found. A 

total of 101 protostylid pits were found on permanent molars, 

and 1$ pits on deciduous molars. No .cusps or grooves were 

found on the deciduous molars. 



TABLE XXIII 

FRE :UENCY OF OCCURRENCE OF PR0T03TYLIP PITS IN 
POINT OF PINES MOLAR TEETH 

Location Total 
teeth 

Nximber 
of pits 

< 

Right permanent third, molar 92 12 1%0 

second molar 9.6 16 16.9 

first. molar 12k 2k 19.'+ 

Left permanent first molar 126 23 ' 18.2 

second molar ' 96 ' 20 20.8 

third molar 78 11 l'+.l 

Right deciduous second molar 2k 7 29.2 

first molar 25 2 8.0 

Left deciduous second molar • 27- 7 26.0 

first molar 27' 2 l.k 
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A better indication of the frequency of occurrence of 

the protostylid can be obtained by comparison of the number 

of teeth with pits found. Table XXIII gives a breakdown as 

to location and numbers of protostylid pits found in this 

population. From this it can be seen that the second deciduous 

molars have the highest incidence of pits (right, 29-2% and 

left, 26$), followed by the left second molar (20.8%), the 

right first molar {19.}+%), and left first molar (18.2%), and 

with the third molar showing the smallest- incidence (right, 

13.0% and left, l/f.1%). By far the majority of these pits 

occurred bilaterally, and in only one case on the deciduous 

molars was a. pit found to occur unilaterally.-' 

Thus the Point of Pines Indians appear to have a 

•fairly small freauency of protostylid forms as compared to 

the Pima Indians, Apache Indians, or Japanese (Table XXII). 

If only the pits are considered the Greenland Eskimo also'has 

a much higher freauency than this southwestern group. How

ever Point of Pines- Indians have a greater incidence than 

Kopi Indians and Arizona Cliff Dwellers. The Indian Knoll 

series, which has a 4-0% incidence also shows a slightly 

greater occurrence 'than the latter. 

Comparison of the .earlier Tularosa Phase population 

With the Point of Pines Phase Indians in regard to the • 

protostylid shows little difference in the Incidence of 

all forms of this structure, except for the cusp. Thirteen 
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Tularosa individuals, or 13*1% out of 99, were found to have 

some form of the protostylid. The 31 out of 251 in the latter 

group gives an incidence of 12.3%• The Chi Square test shows 

there is also no statisticlly significant difference when 

comparison of the frequency of the protostylid cusp itself 

is made, since 3 individuals from each of these groups were 

observed to have at least one cusp (X^ = 1.4; P = .30<^L~ .20). 

However, no protostylid cusp was1 found on the lower first 

molar in either group. Jewett Gap Indians (2) of the Tularosa 

phase were found to have a frequency of occurrence of 15•3^' for 

the protostylid cusp. ihus as in several other characters 

investigated, this group appears atypical of the Point of 

Pines population as a whole. Note that pit varied from pin

hole to large hole, and that it appeared to be a prime spot 

for formation of caries. _ • 

Dahlberg (1'950) believes that "the protostylid is 

manifested fully in modern man only when particular gene 

combinations occur which allow expression of this ancestral ' 

trait," (22) and gives .the evidence of Sewell Wright*s 

demonstration of the reappearance of the ancestral trait of 

Polydactyly in guinea pigs through controlled bredding. Thus 

the high incidence of the Protostylid trait found'among the 

Pima Indians might be explained by their relative isolation 

and inbreeding. 

Caution must be' employed, however when comparing 

various occurrences of the protostylid as'reported in various 
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racial populations, since some reports include all forms (the 

pit and groove as well as the cusp), some reports are consider

ing only the expression of the cusp, and other reports do not 

specify which is being discussed. 



CHAPTER VIII. CARABELLI'S CUSP 

Carabellifs cusp is an accessory cusp which generally 

occurs bilaterally on the anterior mesial aspect of the 

lingual surface of the maxillary permanent and deciduous 

molars in man. 1'his tubercle, first described by von Cara-

belli in 1842; is also known as the tuberculum anomale or 

tuberculum anomalum (Gregory 1922), the tuberculum impar. 

and the protostyle, but is more generally called Carabelli^ 

Anomaly or Carabellirs cusp. A great deal has been written 

in discussion and description of this anomaly. However, 

actual knowledge of the evolutionary and racial significance 

of this charact'er is still meager. 

A variety of expressions have been.noted for this 

cusp. Batujeff (1396) noted a difference between CarabelliTs 

cusp-and a homologous fissure-. Bolk (1916), and Hjelmman 

(1923) in general made a similar distinction. Dietz (1944) 

defined four main catagories: "lobular", "ridged", "cuspoid" 

and "pitted". Kraus (1951) substituted the terms "pro

nounced tubercle" and "slight tubercle" in place of Dietz's 

"cuspoid" and "lobular", respectively. Jorgensen (1956:133) 

has devised a three term classification which he has used for 

the Danish deciduous second'molar, claiming that the classifi 

cation of Diet.z is "not sufficiently defined to be used for 

144 
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comparative studies". Jorgensen thus speaks of CarabelliTs 

furrow' (for the fissure or groove found on the lingual 

surface of the protocone), Carabelli's welt (when the 

mesial half of the furrow is more pronounced than the • 

distal), and Carabelli's pit (for the small depression 

on the lingual protocone). 

Relatively few racial studies"of the anomaly have 

been made, and in some there may be a question as to whether 

all of the catagories recognized as expressions of the 

anomaly have been.noted,, while in others classifications 

have not been specified. However, Car'abelli's cusp is 

generally considered as an evolutionary character of recent 

appearance. Many authors (Cope 1888; Adloff 1908; Osborn 

1892: Schwalbe 1908) have recognized that this cusp has been 

derived from the basal cingulum. Jeanselme (1917) notes 

that it is found on the.first, and occasionally the second, 

permanent molar, and the second deciduous molar. However 

location of this .cusp appears, to be quite variable, as 

evidenced by the frequencies found by different investigators 

in diverse groups. 

Carabelli's cusp has been found to occur in different 

frequencies on different molar-teeth. According to Moorrees 

(1957:36) the order of frequency is: deciduous second molar 

most frequent, followed by permanent first molar, permanent 

second molar, and the third molar. Among the Point of Pines 

Indians this order is: deciduous second molar, third molar, 



Pig. 11 Illustration of the three types of Carabelli's Anomaly. (A) Carabelli's 
Cusp, (E) Carahelli's Groove, (C) Carahelli's Pit. (Lingual Aspect) 

M 

V! 
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permanent first molar, and permanent second molar. Table 

XXIV shows the percentage distribution of this trait in 

various racial groups. 

In general it has been found that in the permanent 

teeth Carabelli's cusp appears most frequently on the 

permanent first molar. On the first molar it is found on 

.the mesial half of the lingual surface, but is found in 

some populations on the second and third molar as well, 

where location of the cusp may be more lingual.. 

In the Eskimo groups shown it has been reported as 

occurring only on the first molar, except for 5 West Green

land Eskimos {2-3%) out of 221 examined (Pedersen 1949). In 

Indian populations Carabelli's cusp has been rep'orted on 

all three Indian Knoll permanent molars, and pits have been 

reported on Pima Indian second molars (Dahlberg 1949). How

ever on the Blackfoot Indian cusps have been found only on 

'the first molar tooth. 

Jorgensen (1955) has arranged deciduous second 

molars of 1346 medieval and modern-Danes in the order of 

frequency in which he found "furrows"', "welts", or "pits", 

and found an incidence for this -tooth in Danes of 77*5^ for 

type b (welts), between 12.2$ to.l3»l% for type a (furrows), 

and a frequency of 9-3% to 10.5% for his type c (pits). 

This cusp is only rarely found among non-human 

anthropoids (Adloff found it 'on a tooth of one gibbon) and 

is not characteristic of the fossil hominids. Robinson, in 
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his 1956 (p. S2) doctoral dissertation on the dentition of 

the Australopithecinae notes "in one instance (SK 13) a 

well-developed Carabelli's cusp is bilaterally present", 

and that "no other instances of an actual cusp occur, but 

on 13 other specimens traces of the Carabelli's complex are 

present." Thus Paranthropus shows this character, but 

Weidenreich (1937) did not find a single instance of Cara

belli's cusp in 23 Sinanthropus molars, and doubted claims 

of its presence in Neandertal Man. However, Piveteau (19571 

539) notes that Gorjanovic-Kramberger "pensait que les molaires 

superi-eures presentaient un tubercle de Carabelli", in the 

permanent first molars of the Krapina specimens. 

The significance -of this character from an evolu

tionary point of view has also been discussed by Batujeff 

(1696), Gorjanovic-Kramberger in 1906, Hjelraman (1929),-

Hirsch in 1924, Carette-Pillot in 1947, Gregory (1922), 

Weidenreich (1937), and the racial significance .has more 

recently been discussed by-Dietz (1944), Pedersen (1949), 

Dahlberg (1949), Kraus (1951), and Jorgensen (1955)-

It is:* interesting to note from-an evolutionary view

point, how similar facts can lead to two divergent theoretical 

positions. Adloff (1908; cited by Gregory) concludes'that • 

the possession of a Carabellirs cusp is a primitive human 

character which sharply separates man from the other 

anthropoids and that man and 'the anthropoids are independent 

derivatives of different unknown Pre-Eocene mammals. Yet 

Gregory (1922:454) states, "while recognizing that the 
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Carabelli cusp (although in an imperfectly developed stage) 

was already attained by some Pleistocene Hoininidae,... the 

presence of the external cingulum at the antero-internal 

corner of the first and second upper molars in primitive 

anthropoids, and its occasional development into a Carabelli's 

cusp in the gibbon, provide us with the starting point for 

the incipient Carabelli cusp in the Mousterian youth with 

the ... antero-internal cingulum in a ... chimpanzee ... 

only serves to emphasize the relatively close structural and 

phyletic relationship between these two genera..." , 

Weidereich (1937) beli-eved that' Carabelli's cusp 

shows a distinct tendency to increase in size and frequency 

in modern man, but this is disputed by Jorgensen (1956:133)* 

Korkhaus (1930) believed Carabelli's cusp to be 

inherited as a'Mendalian dominant. However, Dietz (1944) 

wishes to'qualify this because of the number of types .which 

may occur and the various degrees of expression. He is of 

the opinion that a more complex hereditary mechanism may be-

involved. Kraus (1951:349) states "with more accurate '' 

description and fuller recognition of the variable expressions 

of the Carabelli Anomaly, plus.a knowledge'of the mechanism 

of inheritance, this trait may well become a new criterion 

.of the first order for racial differentiation and may provide 

another genetic tool, along with the blood groups, for the 

study .of race history." Kraus (1951:354) in an examination 

of 8 Mexican and Papago Indian pedigrees finds a suggestion 
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of "a genetic interpretation based upon the assumption of 

two allelic autosomal genes without dominance... Thus we may 

assume three genotypes corresponding to three phenotypes 

as follows: cc results in complete absence of the anomaly, 

CC results in a 'pronounced tubercle' as the strongest 

expression of the anomaly, while Cc expresses itself in a 

wide variety of phenotypic appearances, ranging from 

slight grooves or pits to slight tubercles or bulges." 

As in the case of the expression of torus mandibularis, the 

protostylid, and certain other tooth structures, studies 

based upon pedigree investigations appear to offer the best 

method for seeking out and learning more about the genetic 

mechanisms involved. 

The frequency of occurrence of Carabelli's cusps, 

pits, and grooves have been studied on a' number of recent 

racial groups. Some of these are given in Table XXV. How

ever, as has been pointed out, it is important to be aware 

of the fact that these studies are not all comparable, since 

some studies have only noted the cusp form, while others 

have included expression of the groove and pit. There may 

also be sexual differences (Moorrees 1957:3$), and there is 

a difference in incidence depending upon which of the upper 

molar teeth are under consideration (Hjelmman, Yamada, Mori, 

Bolk, cited by Ribeck-1936; Dahlberg 1949; Hanihara 1956; 

Suzuki and-Sakai 1957)* In addition, it has been found that 
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PERCENTAGE DISTRIBUTION OF" CARABELLI* S CUSP (ALL FORMS COMBINED) IN VARIOUS POPULATIONS 

Group Tooth Source 
Third Molar Second Molar Third Molar 

Point of Pines Indians .0 .0 
(5.6) 

.2 Present study 
Point of Pines Indians** .0 

(0.2) 
.0 (5.6) .0 Present study 

Pecos Pueblo Indians .2 (0.2) 8.8 Nelson, 1938 
Indian. Knoll 6.0 9.0' 24.0 Dahlberg, 1949 
Pima .0 .0 (4.0) ' 8.0 (27.0) Dahlberg, 1949 
Blackfoot *0 .0 12.0 Dahlberg, 1949 
Papago .0 .0 .0 Morris, 1958 
Northwest Eskimo Skulls .0 .0 7.0 Dahlberg, 1949 
Labrador Eskimo Skulls .0 .0 .0 Dahlberg, 1949 
East Greenland Eskimo .0 .0 .0 Pedersen, 1949. 
East Greenland Eskimo (living) 0 .6 .0 Pedersen, 1949 
West Greenland Eskimo 4.5* 2.0* 29.4* Pedersen, 1949 
Eskimo-White mixture .0 .0 29.4 Pedersen, 1949 
Japanese .0 1.0 13.1 Ma, 194-9 1 

Sakhalin Ainu .0 .0 12.0 Suzuki & Sakai,1954 
American Whites .0 8.0 41.0 • Dahlberg, 1949 
American Army (Whites?) .0 2.2 .5 (72.3) Dietz,1944 
Russians .0 .0 

(0.85) 
10.3 (53.8) Butajeff, 1896 

Swiss 1.35 (0.85) .22 (0.85) 11.2 (17.6) M. de Terra, 1905 
Germans 2.69 (4.71) 1.06 (7.17) 19.24 (51.07) Fabian, 1928 
Hungarians .0 

(5.4) 
.0 37.5* 

( 9.2) 
v. Lenhossek, 1922 

Finns 3.9 (5.4) .7 (3.7) 12.9 ( 9.2) Hjelmman, 1929 
Lapps • .0 (1.2) • .0 (0.7) 3.4 ( 8.0) Kajava, 1912 
New Pomeranians 1.-4 to 2.8 1.3 22.9 Janzer,1927 
Bantu, skulls .0 

1 
1 .0 3.5 Shaw, 1931 

Bantu (living) .0 
1 
1 .0 1.6 Shaw, 1931 

The majority of. the above tabulation is adapted from Pedersen (1949*97)» Dahlberg(l949:170). 
Figures in "brackets are additional percentage with Carabelli's Pit. * Indicates cusp plus pit. M 
** Deciduous teeth. 1 Cited by Hanihara, 1954-6. o 
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there is a difference in frequency of occurrence between 

deciduous and permanent molars (Pedersen 1949; Ma 1949; 

Hanihara 1956; Jorgensen 1956; Suzuki and Sakai 1957)* It 

is probable that figures given may also reflect individual 

differences between investigators as to definition and 

identification of Carabelli structures. 

Most authors now consider this character of recent 

evolutionary status and believe it to be of value in population 

differentiation. • This offers a useful' diagnostic racial 

character, as a low incidence of-this cusp appears to be 

typical of Mongoloids. In Caucasoids, on the other hand, 

the incidence appears to be relatively higher. Oshirna (1938) 

found the cusp in only 2.17o of contemporary Chinese from' 

Manchuria. vtfeidenreich (1937,. Figure 334) shows Carabelli's 

Cusps on a recent Chinese male. Hachisuka (1937) found pits, 

grooves, or cusps in 20.63?" of 4.01 Japanese children froa 

Nagoya. Hirakawa (1938) found the cusp in 10.77^ (101) out . 

of 946 Japanese. Among the Sakhalin Ainu Suzuki and Sakai 

(1957) found an incidence of only 12;£, and in a Japanese 

group (unspecified) Wissler (1931) reported that Sullivan 

had found the complex present in only 57<v while Yamada 

found about 17.6%. Thus. for.Asian Mongoloids the.incidence 

o f  C a r a b e l l i ' s  a n o m o l y  h a s  b e e n  r e p o r t e d  f r o m  2 . 1 %  t o  2 0 . 6 3 •  

Wissler (1931) reported a 5-87» incidence for 2389 

Chinese molars, and Butajeff in 1896 found a 3*7% incidence 

in 211 Mongolian molars. in the Aleuts 8 out of 60 (13*37°) 
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"faintly developed" cusps were located in the permanent 

maxillary first molar. (Moorrees 1957:36). 

The Eskimo are similarly characterized by a very low 

incidence of this .character. In the Northwest Eskimo 

Dahlberg (1949) found only 3*6% with cusps, pits, or grooves. 

No Carabelli's structures were found in 57 Labrador Eskimo 

molars (Dahlberg 1949), and 103 East Greenland Eskimo 

molars (Pedersen 1949), and out of 366 living East Greenland 

Eskimos only 1 [<"}%) was found. Pedersen stated -that in a 

series of more than 35 Central Eskimo and 400 West Greenland 

EskimO' "no pronounced tubercles of Cara'belli" (1949:98) had • 

been found, although "traces" (and presumably pits and 

grooves) had not been taken into account." Thus Pedersen 

(1949:9$) concludes "the incidence of CARABELLI'S cusp (and 

pit) is practically nil in the East Greenland Eskimo,' being 

absolutely the lowest heretofore recorded for any racial or 

local group of fair size. It can also be accepted that the 

low incidence of C ARABELLAS tubercle is 'a-typical feature in 

the dentition of.Asiatic Mongols,, although variations seem 

to occur." 

The incidence of Carabelli's cusp in Caucasoids is 

generally considered as auite high in comparison to Mongo

loid groups. Pedersen (1947:2) reports "the tubercle of 

Carabelli - present in about 75% of Whites if we include the 

groove", and-support for this- statement is observed in 

Dietz's (1944) study of 1000 U.S. Army males (White?) in 
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which he found an incidence of 72.3%. However considerable 

variation may also be characteristic of Caucasoid groups, 

since Wissler (1931) has found 2!+. 5% incidence of this trait 

in 3333 European upper molars, and 17% in 1397 American 

teeth; while Dahlberg (1949) found 36.5$ in 1^4 American 

White molars, and Vram (cited by Ribeck 1936) found an 

incidence of 11.0% in Europeans. 

Recently Dr. Dahlberg (1959 b) has examined about 

60 maxillary molars of ancient Natufians, at the University 

of California. Due to the wideness through the buccolingual 

diameter he suspects that most of these teeth must have had 

a Carabelli's cusp. The wider first molar serves an important 

function as it is better able to take on the entire 

masticatory burden prior to the eruption of the second and 

third molars, and loss of the deciduous molars. 

• Indications that Carabelli's Anomaly is an inherited ' 

trait was observed, by Pedersen, who found that White-Eskimo 

admixture results in a much more frequent occurrence of Cara-

belli's cusp. Examining casts of 176 modern West Greenland . 

Eskimos gave results 'varying from 2.0% incidence for the 

second molar to 29.k% .incidence i'n the first molar (cusp or 

pit) in these hybrids. 

Although insufficient data are available as yet to 

draw any conclusions, indications are that Negroid groups . 

may also have-'a variable incidence. Wissler (1931) reported 

a presence of' 1+1% in .141 Negro teeth, but Butajeff in, 1896 

found none in 21 Negro molars. 
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TABLE XXV" 

FREO.UENCY OF CARABELLI'S CUSP (.ALL FORMS COMBINED) IN VARIOUS 
POPULATIONS 

Group Total Present Absent Source Group 
Teeth 

N * N * 
I. Permanent Molars 

American Indians 
Point of Pines 658 3 .5 655 99*95 present study 
American Indians 5378 255 5123 95.3 Wissler,1931* 
Pima 504 120 23.8 384 76.2 Dahlberg,1949* 
Indian Knoll 99 13 12.9 86 87.1 Dahlberg, 1S)4£* 
Blackfoot 91 5 •5.5 86 9^.5 Dahlberg,1949* 
Japanese 946 101 10.7 845 89.3 Hirakawa,1938 
Japanese 401 80 20.6 321 79.3 Hachisuka,1937 
Japanese ' 3344 168 5.0 3176 95.0 Wissler, 1931* 
Sakhalin' Ainu 1253 150 12.0 1103 88.0 Suzuki & Sakai; 

Chinese 2389 138 5.8 2251 94.2 Wissler, 1931* 
Negroes l4l 58 41.0 83 59.0 Wissler, 1931* 
Negroes 21 ' 0 .0 21 100.0 Butajeff, 1896 

Mapuches 378 139 36.6 239 63.4 Ribeck,1936 
Russians 540 30 8.8 310 91.2 Butajeff, 1896 
Mongolians 211 8 3.7 • 203 96.3 Butajeff, 1896 

.Ainu 15. 0 .0 • 15 100.0 Butajeff, 1896 
' Europeans- 11.0 89.0 Vram 1 

Bantu 389 8 2.0 •387 98.0 Shaw, 1931* 
American Whites 104 38 '36.5 66 63.5 Dahlberg,1949* 
American 1397 • 237 17.0 1161 83.0 Wissler, 1931* 
American males. 1000 723 72.3 277 27.7 Dietz, 1944* 2 
European •3333 815 24.5 25I8 75.5 Wissler, 1931* 
Northwest Eskimo 55 2 3.6 53 96.4 Dahlberg,1949* 
Labrador Eskimo 57 0 .0 57 100.0 Dahlberg,1949* 
E, Greenland skulls 103 0 .0 103 100.0 Pedersen,1949* 
E, Greenland(living) 366 1 .3 365 99.7 Pedersen,1949* 

II. Deciduous Molars 

Point' of Pines 77 2 t 2.7 ' 75 97.3 present study 
E. Greenland Eskimo 7 0 .0 7 100.0 Pedersen,1949 
Japanese 46.7 51.3 •Ma, 1949 3 
American Indians 1138 •30 2.6 1108 97.4 Wissler,1931f 
Europeans 220 190 86.4 • 30 13.6 Zuckerkandl. 

Italians 50 37 74.0 ' 13 26.0 Vram, 1898 ̂  
Dutch 300 265 88.3 35 11.7 Bolk, 1915„ 
Europeans 106 85 80.2 21 19.8 v. Lenhossek4 

* Calculations are "based on author's data. In each- all forms 
of Cara"belli's Anomaly are combined# 

1 Cited by Ribeck, 1936#. 3 Cited "by Hanihara 
2 Number of individuals. The number of teeth was not given. . 
4 Cited by J£rgensen,1956 
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In this study only 5 instances of Carabelli's 

Anomaly were observed out of 741 maxillary molar teeth that 

were not worn to the extent that this feature could not be 

determined. These were expressed by 3 pits and 2 cusps: 

Cusps: 1. Upper left permanent first molar. #34, 
female, 12 years ( t 6 rno.) from Arizona 
W:10:7$ site (Turkey Creek). 

. 2. Upper right permanent third molar. #233, 
female, ca 23 years, from Arizona W:10:50 
site (Point of Pines Ruin). 

Pits: -3« Upper left permanent third molar, female, • 
#222, 20 years ( I 2 years), Arizona W:10:50 
site. 

4. Deciduous upper left second molar. #294, 
child, sex unknown, 4 years (±9 mo.), 
Arizona W:l0:50 site. 

5. Deciduous upper right second molar. #234, 
child, 2 years (±0 mo.), 'v/: 10:50 site. 

One of these cusps (#34) was extremely well developed, and is 

shown in Figure 13. This represents an incidence of only .5%, 

or negatively expressed; no form of Carabelli's anomaly was 

observed in 99-5% of Point of Pines Indians (658) permanent 

molars.. Incidence in the 77 deciduous maxillary molars 

examined was 2(2.7$» The overall incidence, therefore, in 

the Point of Pines Indians is .&% for the total of 735 molar 

teeth examined. 

This extremely low percentage of -Carabelli^s cusp has 

been reported for other Indian populations as well. Morris 

(1958) found none in preliminary examination of casts from 

100 contemporary Papago Indians from Sells and St. Johns. 

. Wissler (1931) reported an incidence of only k - 7 %  out of 

5378 American Indians, and Dahlberg (1949) found only 5*5% 

in 91' Blackfoot Indian molars. Modern Pima Indians (Dahlberg 



Fig. 12 A well-developed Cara"belli's Cusp 
as found on the -permahent maxillary left 
first molar of a 12 year old female from 
Arizona Wsl0;'78 (Turkey Creek Pue"blo). 
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1949) have been reported to have 23.3$ incidence of Carabelli 

cusp, out of 5^4 molars examined. The Indians temporally 

closest to the Point of Pines people, in which this trait-has 

been reported, the Prehistoric Indian Knoll Kentucky Indians 

were found (Dahlberg 1949) to have a 12.9/<> incidence in 99 ' 

molar teeth examined.' • 

Based upon incidence- of this character, the Point of 

Pines Indian's are thus in the lower range of frequency for 

incidence.of Carabelli's cusp, and in this respect resemble 

•the Eskimo very closely. 

In view of'the fact that some authors (W'indle Sc. 

Humphreys l£87j cited by Moorrees 1949) have contended that 

'there may be a relationship between incidence of CarabelliTs 

Cusp and the protostylid, it is of interest to note, that in 

each of the five instances in which Carabelli1s anomaly was 

unilaterally found in the Point of Fines Indians, the proto

stylid or protostylid pits were also found in the lower 

molars of the same individuals. Sakai (1954), for instance, 

'examined these traits.in' 1253 living Japanese and concluded 

that "according-to the method of "Chi-sauare test, occurrence 

.of tuberculum anomalie (CarabelliTs cusp) and that of the 

Protostylid is statistically correlated." ' 



CHAPTER IX. QDONTQMETRlOS 

Tooth dimensions have been the basis for an interesting 

'controversy in regard to how closely too'th size may relate to 

body size. The giant molar teeth of Gigantopithecus blacki . 

and Meganthropus paleo.iavanicus which were found by von ' 

Koenigswald (1935\ 1939; 1956) were attributed by him to a 

giant ape and a giant protohominid respectively, although 

Le Gros Clark (1956:105) and others disagreed. Weidenreich 

(1945; 1946) believed that the teeth of both belonged to 

giant ancestors of modern man, and that "the Chinese giant 

was ... one and a half times as large as the Java giant/ and • 

twice as large as a male gorilla" (1946:61). Weidenreich 

had attempted to estimate the size of this form by calcula

tion of the posterior root height of the third molar (23-7 

mm) to judge the size of the mandible, and from the mandible 

•size estimate facial height, and finally body stature. 

Recently Pei' '(1957:836) reported a new find of Gigantopithecus 

(the Kwangsi jaw) '(1956; 1957; Hillaby 1957) and concluded 

that this giant ape must have had a stature of "some 12 

feet." Each of these three authorities have assumed -that 

there is a positive correlation between tooth size and body 

size. 

However evidence reveals on the contrary that there 

seems to be a negative relationship. 'Straus (1959:455) has 

' ' 158 • 
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pointed, out that "the tallest human populations actually 

posses5teeth that are among the smallest." The measure

ments of the Australian aboriginal teeth could also be 

cited in this respect. As can be seen in the comparative 

data included in charts' in this section, Campbell (1925) 

has shown that-they include some of the largest modern teeth 

•known, yet are from a small-statured population. Bjork 

(1955C) found that the size of teeth and dental arches varies 

with stature and skeletal sturdiness. Garn and Leiwis found 

little indicatipn that there was a positive correlation 

between tooth size and body size in contemporary man or in 

certain fossil hominids (1956). They believe, based -upon 

study of the Australopithecina tooth size, that the Kwangsi-

Meganthropus types probably were not much over five feet 

tail* Robinson believes that the Australopithecinae fully .?•. 

mature "weighed in the neighborhood of I+0-5Q lbs." (1956: 

17'0),• although Straus estimates are a little higher. Accord

ing to Straus Plesianthropus is "about the size of a 

Chimpanzee, with a weight of 100 pounds," and Faran-thropus 

crassidens is around 150 pounds (cited by Garn 195&b). 

These body sizes are based upon more complete skeletal 

evidence th'an is available for the Gigantopithecus-ivieganthropus 

forms, and is important.because some of the Australopithecines 

teeth approach .the size of the former. For example,- there are 

20 third molar specimens known from Swartkrans (.Paranthropus 
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crassidens) the smallest of which is 15-4 nim (mesiodistal 

diameter)'and 13-7 mm (buccolingual diameter). These teeth 

range up to 18.5 mm (SK 6 left) in mesiodistal diameter, and 

16.5 mm (SK 34) buccolingual diameter (Robinson 1956:112). 

This is in comparison to the left lower third molar of 

Gigantopithecus which Weidenreich gives as 22.3 mai (mesio

distal diameter) and-17-0 mm (trigonid diameter) (1945:66). 

Further evidence, of non-positive correlation has been obtained 

in animal studies. It has been shown that tooth- size is 

independent of body size in Sus (Herre 1951; cited by Garn 

195$b) and also in .dogs (Starck 1953:207$ cited by Garn 

1958b). Straus (1959:455) thus appears to be on solid 

ground when he sums .the situation up: "evidently, therefore, 

these dimensions are effectively independent in various 

human races." . 

The measurement of teeth ideally offer an objective 

method of obtaining information which may be precisely utilized 

in comparison of human populations. However, as many author-

•ities have noted, the lack of standardization of•techniaues, 

the small size of many of the samples, and the inadequate 

statistical treatment of the data, make population comparisons 

.based -upon tooth measurements relatively inconclusive. 

Hrdlicka (1924*109)'early appeared to be aware of 

this problem. ' "Measurements of teeth," he stated, "... have 

been made-and published before, some-by the writer himself. 

But they were made by almost as many different methods and 
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instruments as individuals. Measurements of teeth are as 

well known in themselves extraordinarily difficult, in 

addition to which there is no definite agreement as yet as 

to the exact points fron or the precise manner in which to 

measure. As a result hardly any two separate measurements 

of the sane teeth, even by the same observer, give absolutely 

the same values, and occasionally the differences are so 

marked that the student loses confidence in the records.' 

Nor is he helped by the casts of the various specimens, for 

due to imperfections of technique and changes in plaster . ' 

these generally give results on which one qan place no great 

reliance." 

Since that time-the problem appears to have become no 

clearer, so that Hrdlicka's comments are at least as pertinent, 

today as they were 35 years ago. . Pedersen (1949:76) comments 

"the lack of well established standards and definitions has 

been felt in several respects throughout the present study; 

This .applies not least to measurements of the teeth... Many 

professional quarters' do not have great confidence in metrical 

studies of teeth." iCveri more recently Moorrees (1957:77), 

after intensive investigation, concluded "the authors could 

locate only ten publications which dealt with this subject ' 

and furnished ."sufficient statistical treatment. of' the original 

material'to make the findings useful for comparison. Conse

quently, we still cannot determine with any' certainty whether 

the size of the teeth is associated with the racial origin of 

a population." 
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Methods of measure-dent have differed from study 'to 

study. Discussion as to proper technique has been.outlined 

by Reraane 1922 (cited by Gregory and Hellman) and '1930 (cited 

by Moorrees); Hrdlicka (1923); Gregory and Hellman (1926); 

Martin (1928); Shaw (1931); Weidenreich (1937)i Pederson 

(1949); Selmer-Olsen'(1949); and Moorrees (1957), among 

others. In general the directions of Martin have probably . 

been'most influential (Shaw 1931; kelson 193B; Pederson 

1949). As Moorrees (1957^7^) has pointed out, "slightly 

different techniques are used in measuring extracted teeth, 

teeth in plaster casts, in skulls, and in the mouths of the 

living." 

In addition, there is a fundamental difference between 

odontological and anthropological investigations which con- ' 

cern-tooth measurements.' In the former the relative posi

tions of the teeth in the dental arch are,of primary interest. 

Measurements, particularly in the specialized area of ortho

dontics are most apt to be concerned with determination of 

how much space is available for present or incoming teeth, 

and.how much space is required. On the other hand the .physical 

anthropologist is often more concerned with the morphological 

and' metrical characters of the individual tooth than i'n the 

relationships between teeth. The major interest of this 

study has been in the latter category. . . 
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Criteria of accuracy in measurement have been quite 

varied, and this .factor should be considered in any compar

isons using data fron diverse sources. Early authors were 

often satisfied with a degree of accuracy to the closest 

half of. one millimeter. For example, Campbell (1925:8) 

states "no attempt has been made to judge at greater preci-' 

sion than .5" (millimeters), while Shaw (1931) also believed • 

• 5 millimeter is the best•accuracy that can be expected. 

Gregory and Hellman (1926:31) "do not consider differences of 

less than 5 units as significant;" These viewpoints differed 

from that of Hrdlicka who was of the opinion that his error 

was not over .2 millimeters (1923:111). 

More recent work -has brought an interest in obtain

ing greater accuracy of measurement. Pedersen (1949:77) 

claimed that his results "did not differ more than/ at most, 

0.2 millimeters on repeated measurements' by the same person." 

Nelson (1938)Koski and Moorrees (1957), and Dahlberg (1947; 

1949; 1959) measured to 0.1 millimeter, in the present•study 

the Boley gauge wi.th sliding vernier scale allowed measure

ments to be taken to 0.1 millimeter. Many teeth were re checked 

by the author and it is believed that variance did not exceed 

0.1 millimeter above or below the given figure. 

However, it -is obvious that just because wfe have instru 

ments which are capable of refined measurement it does not 

necessarily follow that greater accuracy is insured. The 
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condition of the material imposes certain restrictions.. Thus 

there must be a point beyond which greater accuracy of 

measurement is not. valid and meaningless. 

To aid in obtaining reasonable accuracy in measure

ment the teeth of each individual -were cleaned with a stiff 

brush - an event that probably never occurred during the 

individuals' entire lifetime. A fine 'dental probe .was also 

used to clean debris, such as mud'adhering to the tooth from 

the burial, from the enanel before measuring. There was 

often a sufficient accumulation of such debris to cause ' 

error, if the teeth were not first thoroughly cleaned. 

A second source of error in this collection was due to 

disintegration of the tooth structure. Some teeth had caries, 

others had portions chipped off, and a few had enamel chipped 

and flaked off due.to environmental conditions. In instances 

where accurate measurement was not possible for any of these 

reasons, no measurement was attempted. A third source of 

error, typical of prehistoric Southwestern Indian and much 

other odontological material, was attrition of the teeth du.e 

to wear. In many instances teeth were so badly worn that 'no 

measurement could-be made. In these cases as well, measure

ment was not taken. Aberrant tooth forms were measured, such 

as peg-shape and barrel-shape incisor' conditions, but these 

figures were omitted in the final computations since such data 

would tend to affect the results abnormally. 
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In this study two types of measurements, the mesio-

distal diameter and the buccolingual diameter, were taken.' 

These dimensions are often called the breadth and length of 

the tooth, however a good deal of confusion appears to have 

occurred in the past as to the definition of each-. The 

mesiodistal crown diameter has been called crown "length" 

by Remane (1930); Weidenreich (1937); kelson (1938); and 

Pederson (1949). According to Moorrees, it has also been 

called crown "breadth" by Muhlreiter (1970); de'Terra (1905); 

and Selmer-Olsen (1949)• Martin (1928:670) appeared to use 

the mesiodistal diameter as length ("breite"). . 

The mesiodistal crown diameter is the greatest 

dimension of the tooth crown taken parallel to the occlusal 

and buccal surfaces. In this skeletal material it was 

usually possible to measure this distance. Some difficulty 

occurred occasionally when two adjacent teeth would be so 

close together that the tips of the calipers could not be 

placed in proper position. All teeth of both permanent and • 

deciduous dentitions, except for. the canine, were measured. 

The buccolingual crown diameter is the greatest, 

•distance between the buccal and lingual surfaces of the 

crown of a tooth. It is measured perpendicular to the mesio

distal diameter. This measurement is easily taken because 

there is sufficient space to adjust the calipers. Bucco

lingual diameter was measured on premolar and molar teeth. 
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In addition statistical analyses have been made for 

each tooth dimension in this study. Besides the mean and 

range for each measurement, the standard deviation and 

standard error of the mean have been found.. These calcula

tions are given for each measurement in - Appendix C. Final 

data for the. Point of Pines population is given in Appendix 

CI (Mesiodistal crown diameter), and 3)2 (Buccolingual crown 

diameter) for the permanent dentition, and Appendix B3 for 

the deciduous dentition. 

In these odontometric tabulations the statistical 

computations are based upon the number of teeth for each • 

series. However this figure is also the same as the number 

of individuals, sin'ce each tooth was separately calculated • 

by left and right side and thus only one tooth per individual, 

included in each set of statistics. Except for Pedersen 

'{1949); Jorgensen (1956); and Dahlberg (1959a;. c), separa

tion of teeth by -sides has not been done. Separation in this 

manner allows calculation to be'made as to .degree .of correla

tion that exists between corresponding teeth of.separate 

sides in the same individual. They are separated in this 

study to determine if such differences exist in this popula

tion, and also to facilitate future comparisons. 

Inspection of the left and right corresponding teeth 

in-this population'reveals very little difference. In 

general'they were found to have auite similar means. A t-test 

was accomplished on each set of (left and right) teeth in 
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which the means between left and right sides differed by-

more than .3 millimeter. In each case no differences were 

found below the .10 level (P = ->.10 .50). It is felt 

that, the numbers involved were sufficient to give a valid 

indication if significant differences had been found. On 

this basis' it is necessary to conclude that the Point of 

Pines population as a whole show no statistically significant 

differences between corresponding left and right teeth. 

From measurements on the Point of Pines population a 

few generalizations can be made regarding tooth Size relation

ships. In the maxillary permanent dentition inesio-distal 

measurements show that the upper central incisors-are larger ' 

than the laterals by 1.0 mm to 1.4 millimeters. The upper 

first premolars are larger than 'the second premolars by 

..2 mm to .4 mm. * In the molar series the sizes decrease from 

the first molar (11.05 mean) to the second molar (10.15 mean), 

with the third molar (9.65 mean) the smallest. Buccolingual 

diameters of the upper' dentition show,the same relationship 

in size differences between teeth. 

In lower dentition the mesiodistal diameters show an 

opposite size relationship- in the incisor and premolar group 

from that found in the upper teeth. The lower lateral 'incisor 

is larger than thp central, and the lower second premolar is 

larger "t-han the first. In the lower molar .series -the size 

progression both mesiodistally and buccolingually is toward 

the smaller third molar. However, mesiodistal diameter 
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differences between the second and third lower molars was 

found to be only 0.1 millimeter. 

The second deciduous molar is larger than the first 

deciduous molar in both upper and lower dentitions. This 

relationship has been found in most other populations, A 

recent discovery by Dahlberg (personal communication 1959) 

indicates that important differences in these tooth size 

relationships may be found in certain populations. He has 

found that the second molar tooth in Bagdad Arabs is smaller 

than t'he first molar. The significance of this will' be dis-

cussed further in regard to the Field heory in the conclusions. 

A rough comparison between variation in different 

types of measurement in the same population can be made by 

use of the coefficient of variation ( C.V. = • ••"'• ). 

This has been calculated for the Point of Pines Indians in 

respect to both permanent and deciduous dentitions as an 

additional metho'd of obtaining comparison between molar and 

premolar mesiodistal and buccolingual diameters. A low 

numerical value for the coefficient of variation indicates 

a lower range of variation about the mean for a given char

acter or measurement. These are tabulated in Table XXVI for 

the permanent dentition and Table XXVII for the deciduous 

dentition. They are also given in the statistical computa

tions listed in Appendix C. 

An unusual situation is presented by this means in 

that the molar series, both upper and lower, do not present 

the anticipated'variability. Normally, as was shown by 



TABL2 WI 

GOIuFFICI^?T OF VARIATION OF POINT OF PI1ES DENTITION 

A. FSRMA1J2NT TErJTH • 

1. Maxillary-

Central Incisor Lateral Incisor First Premolar Second Premolar 

Rt. M-D Lt. M-D Rt. M-D Lt. M-D Rt. M-D B-L Lt. M-D B-L Rt. M-D B-L Lt. M-D B-L 

16.2 20.9 • 13.2 16.3' 11.9 11.9 15.5 15.5 16.2 16.2 7.6 7.6 

First Molar Second Molar Third Molar 

Rt. M-D B-L Lt. M-D B-L Rt. M-•D B-L Lt- M-D B-L Rt^M-•D B-L Lt. M-D B-L 

15.1 15.1 10.6 10.6 14.2 14.2 . 9.4 c.i 16.0 16.0 14.6 14.6 

2. Mandibular 

Central Incisor Lateral Incisor First Premolar Second Premolar 

Rt. M-D Lt. M-D Rt. M-D Lt. M-D Rt. M-D B-L Lt. M-D B-L Rt. M-D B-L' Lt. M-D B-I. 

20.9 27.3 . 18.2 ie.4 17.5 17.5 16.7 16.7 15.4 15.4 12.0 12.0 

First Molar ' Second Molar Third Molar 

Rt. M-D B-L' - Lt. M-D B-L Rt. M-D B-L Lt. M-D B-L Rt. M-D B-L Lt. M-D B-L 

13.9 13.9 6.9 . 6.9 '7.5 7.5 14.6 14.6 15.1 12.4 10.6 10.6 

B-L (Buccolingual diameter) M-D (Mesiodistal diameter) 



TABLE • XXVTI 

COEFFICIENT OF VARIATION OF POINT OF FINES DENTITION 

B» DECIDUOUS TEETH 

1. Maxillary Teeth 

Central Incisor Lateral Incisor First Molar Second Molar 

Rt. M-D Lt. M-D " • Rt.. M-D Lt. M-D •Rt. M-D B-L Lt. M-D B-L Rt. M-D B-L Lt. M-D B-L 

21.0 18.7 12.3 13.2 17.5 17.5 17.^ 17.^ 19.5 19.5 11.1 11.1 

2f Mandibular Teeth 

Central Incisor Lateral Incisor First Molar Second Molar 

Rt. M-D Lt, M-D Rt. M-D Lt. M-D Rt. M-D B-L Lt. M-D B-L Rt. M-D B-L Lt. M-D B-L 

20.9 16*5 ' 20.2 23.3 11.3 18.0 - 1^.3 10.6. 11.1 12.9 15.^ 

• B-L (Buccolingual diameter) M-D (Mesiodistal diameter) 
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Dahlberg (1945) in the Melanesians, there is an increase in 

variation about the mean from to . However in the Point 

of Pines series this is not the case. The first maxillary 

molar is observed to be more variable than the third molar ' 

tooth in regard to mesiodistal diameter, and the first'molar 

is again nearly twice as variable as the second in respect to 

buccolingual diameter. 

Since it is planned to excavate further at Turkey 

Creek Pueblo, the finding of more Tularosa phase skeletal 

material should considerably aid the reliability of the 

sample in regard to size. Particular-features where dif

ferences have been indicated should be re-evaluated when 

additional odontological material from this group becomes 

available.-

Tables D1-D5 in the Appendix list .the- statistical ' 

calculations for measurements of teeth of the Jiarly Point of 

Pines individuals in comparison with those of the Late Point 

of Pines individuals. These were also separated by left and. 

right-side, and mean, standard deviation, and standard error 

values found for each. Although inspection of these 

statistics show that there are several instances where the 

Tularosa and Point of Pines means differ, the t-test revealed 

only 2 cases where a statistically significant difference was 

found, '^hese were with respect to'the upper left second 

molar, and the lower right third molar.. 
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The first significant difference was found in the 

mesiodistal diameter of the upper second left molar tooth 

(F ^.01). In this instance the Point of Fines phase in

dividuals had a mean diameter .6 millimeter larger than the 

Tularosa Phase individuals. A second statistically signifi

cant difference indicated by the t-test was found in the 

buccolingual crown diameter of the lower right third- molar 

(P ^.02 .05). Here the Late Point of Pines individuals 

had a mean tooth diameter .5 millimeter greater than the 

Sarly individuals. In other cases the number was too small 

in the Early (Tularosa Phase) sample to be reliable. 

For example, it was found that the mesiodistal diameter 

of the upper left central' incisor is smaller in the Tularosa 

sample by a mean value of .9 millimeters. However there are 

only four Tularosa representatives in this sample. 

However it is doubtful if more than this can be said • 

in regard'to the intrapopulation differences in tooth size 

between Tularosa and Point of Pines groups. The questionable 

factor 'in all of these statistics Is the low number of Tula

rosa individuals involved. 

' • Odontometric comparison of the combined. Point of Pines 

material with measurements of other populations are shown in 

Tables XXVIII through XXXIX. As has been noted by Pedersen and 

others, comparison of the mean values with corresponding 

metric data 'from other populations are useful for deriving 

definite "conclusions' only when extreme differences are found. 



. . TABLE XXVIII 

COMTARATITJ KZA1I HESICDISTAL CROV/I; DIAMETERS OF THE PERMANENT MANDIBULAR 
TEETH OF VARIOUS POPULATIONS 

Group Mean Range 
(mm) 

Number Source 

1. Central Incisor 

American Indians 
Point of Fines (left)*' 5*6 4.5 - 11.7 38 Present study-
Point of Pines (right)* 5.6 4.5 - 11.7 38 Present study 
Tularosa (left) 5.5 5.0 - 6.7 •5 Present study 
Tularosa (right) 5 A  5.0 - 6.1 5 Present study 
Point of Tines (left)** 5.7 4.5 - 11.7 33 Present study 
Point of Pines (right)** 5.6 4.5 - 11.7 " " 33 Present study-

Pecos Pueblo 5.5 84 Nelson, 1S38 
Australian Aboriginal 6.0 5.0 - 7.0 43 Campbell, 1925 
Bantu 5.9 - - Shaw, 1931 
Bushman 5.0 - Drennan, 1929 
American 'vhite 5  A  - Black, 1902 

.Aleut males 5.2 4.2 - 6.4 98 Moorrees, 1957 
Aleut females 5.1 3.7 - 5.9 73 . Moorrees, 1957 

2. Lateral Incisor 

• American Indians 
Point of Fines (left)* 6 .3  5.1 - 8.4 " t*9. Present study 
"Point of Pines (right )'* . 6.1f 5.0 - 11.4 46 Present study 
Tularosa (left) ' 6.1" 5.7 - 6.5 5 Present study 
Tularosa (right) 6.7 6.4 - 7.0 2 Present study 
Point of Pines (left)** 6.4 5.1 - 8.4 44 Present stucly 
Point- of Pines (right)** • 6.4 5.0 - 11.4 44 Present study 

Pecos Pueblo 6.1 7^ Nelson, 1938 
Australian Aboriginal 6.7 6.0 - 7.5 51 Cajnpbell, 1925 
Bantu 6.0 - Shaw, 1931 • 
Aleut males 6.0 5.0 - 6.7 100 Moorrees, 1957 

* Total combined population of all individuals in this study 
** Late population, from Pinedale through Point of.Pines Phase 



TABLE XXIX 

COMPARATIVE MESIODISTAL AND BUCCOLINGUAL CROWN DL'JETZRS OF PERMANENT 'MANDIBULAR TEETH 

3. First Premolar 
Mesiodistal Buccolingual 

Source 3. First Premolar 

Ho. Mean Range No •J Mean Range 

Source 

Point of Pines (left)* 44 6.8 5.9 - 8.2 42 7.7 6.5 - 9.4 Present study 
Point of Pines (right)* 42 6.8 5.6 - 8.1 42 7.5 4.6 - 9.8 Present study 
Tularosa (left) 2 6.8 6.5 - 7.1 2 7.4 7.3 - 7.6 Present study-
Tularosa (right) 1 • 7.2 7.2 - 7.2 2 8.8 8.8 - 3.9 Present study-
Point of Pines (left)** 42 6.9 5.9 - 8.2 -40 7-7 6.5 - 9.4 Present study 
Point of Pines (right^* 41 6.8 5.6 - 8.1 42 8.0 6.5 -10.1 Present study 

Pecos 105 7.15 105 7.91 Nelson, 1938 
Australian 93 7.6 7.0 - 9.0 120 8.8 7.0 -10.0 Campbell, 1925 
Bantu 7.1 8.2 Shaw, 1931 
American White 6.9 7.9 Black, i902 
AJ.eut (male & female) 158 6.95 '5.9 - 8.3 135 7.73 6.3 - 9.3 Koorrees, 1957 

4. Second Premolar 

American Indians 
• 

Point of Pines (left)* 4e 7.1 6.1 -10.3 48 8.2 7.1 -10.0 Present study 
Point of Pines (right)* 43 7.0. 6.0 - 8.4 Mf 8.0 6.5 -10.1 Present study 
Tularosa (left) 2 7.4 6.9 - 7.9 2 8.6 8.3.- 9.0 Present study 
Tularosa (right) 2 7.2 6,9 - 7.5 2 8.85 8.8 - 8.9"' Present study-
Point of Pines (left)** k6 7.1 6.1 -10.3 k6 8.2 7.1 -10.0 Present study 
Point of Pines (right)** 41 7.0 6.0 - 8.4 42 8.0 6.5 -10.1* Present study 
Pecos 91 '7.42 91 8.42 Nelson, 1938 

Australian 79 7.7 6.5 - 9.0 109 8.9 7.0 -10.0 Campbell, 1925 
Bantu 7.2 8.1 Shaw, 1931 

• Bushman 7.0 7.8 Drennan, 1929 
American White 7.1 8.0 Black, 1902 
Aleut (male & female) 

m-
7.11 5.9 - 8.4 121 8.31 

J 
Moorrees, 1957 

** Individuals from Late Point of Pines Phase anl Pinedale Phase 



TABLE XXX 

COMPARATIVE HESIODISTAL AID BUCCOLINGUAL CROVflf DL'-METSRS 
OF PERMANENT MANDIBULAR HOUR T5ETH 

5. Fir3t Molar 

Source Grout) No. Mean Range No. Mean > Range Source 
American Indian 
- Point of Pines (left)* 82 11.4 9.4 -13.0 83 10.8 9.0 -12.2 Present study 
Point of Pines (right)* 76 11.3 9.0 -12.5 78 10.8 9.6 -12.9 Present study 
Tularosa (left) 11 11.3 11.0 -11.9 11 11.0 10.1 -11.7 Present study 
Tularosa (right) 9 11.4 10.5 -12.3 9 10.9 10.0 -11.5 Present study 
Point of Pines (left)** 71 11.4 9A -13.0 72 10.7 9.0 -12.2 Present study 
Point of Pines (right)** . 67 11.3 9.4 -13.0 69 10.8- 9r6 -12.9 Present study 

Pecos 67 11.96 • 67 10.7 Nelson, 1938 
Pueblo male 11.13 10.95 Hrdlicka, 1923 
Pueblo female 10.59 10.12 Hrdlicka, 1923 
Kentucky males 10.56 11.32 Hrdlicka, 1923 
Kentucky females 10.89 10.94 Hrdlicka, 1923 
Arkansas males 11.42 11.12 Hrdlicka, 1923 
Arkansas females 11.0 10.82 Hrdlicka, 1923 
Sioux males 11.71 11.38 Hrdlicka, 1923 
Sioux females • 11.28 10.92 Hrdlicka, 1923 
Ramah Navaho (left) 111 11.60 108 10.97 Dahlberg, 1959c 
Ramah Navaho (right) 109 11.47 113 11.01 Dahlberg, 1959c 
Hopi (left) 131 11.41 131 10.67 Dahlberg, 1959c 
Hopi (right) 128 11.39 133 10.72 Dahlberg, 1959c 
Tuba City Navaho (left) 159 11.51 158 11.00 Dahlberg, 1959c 
Tuba City Navaho (right) 155 11.52 162 11.00 DaMberg, 1959c 
Pima (left) 197 11.86 195 11.14 Dahlberg, 1959c 
Pima (right) 196 • 11.86 193 11.18 Dahlberg, 1959c 
Yuna (left) 62 11.47 64 10.78 Dahlberg, 1959c 
Yuma (right) '61 11.59 66 10.81 Dahlberg, 1959c 

Australian Aboriginal 139 12.3 11.0 -14.0 166 11.9 10.0 -13.5 Campbell, 1925 
Aleuts (male & female) 67 11.45 10.1 -12.8 65 10.5 9.2 -11.3 Moorrees, 1957 

* Total combined population of all Point of Pir.es individuals 
** Late population from Finedale through Point of Pines Phase 



TABLE XXXI 

COMPARATIVE EB3I0DISTAL Aim 3UCC0IINSUAL CROV/N DIAMETERS 
OF PERMANENT MANDIBULAR MOLAR TESTE 

^^econdjtolar 

Group 
No. 

Mesiodistal 
Mean Ha nge^ 

Buccolingual 
No. • Mean I Range 

Source 

American Indians 
Point of Pines -(left)* I 69 
Point of Pines (right)* I 66 
Tularosa (left) . I 11 
Tularosa (right) I 9 
Point of Pines (left)*-* I 58 
Point of Pine3 (right)** I 57 

Pecos I 62 
Pueblo male | 152 
Pueblo female 
Kentucky male 
Kentucky fertile 
Arkansas male 
Arkansas female 
Sioux male 
Sioux female ' 
Ramah Navaho (left) I 66 
Ramah Navaho (rigi-.t) I 66 
Hopi (left) I 75 
Hopi (right) | 75 
Tuba City Navaho (left) J. 6k 
Tuba City Navaho-(right I J2 
Pima (left) I 118 
Pima (right) ' I 116 
Yuma (left) I 26 
Yuma (right) I 28 

Australian Aboriginal I 152 
^Aleut^Jmal^^^emal^^^ J 79 

10.8 
10.8 
11.0 
10.7 
10.e 
10.8 

11.41 
10.53 
9.70 
11.01 
10.28 
10.98 
10.51 
11.60 
10.98 
10.92 
10.89 
10.76 
10.72 
10.82 
10.82 
11.^7 
11.41 
10.7?. 
10.85 
12.5 
11.17 

9.7 -12.5 
9.4 -12.6 
10.1 -11.7 
10.0 -11.5 
9.7 -12.5 
9.4 -12.6 

10.0 -14 

& 

** 

'otal comCTriec^opulatTorr 
Individuals flx>m Pinedale 

.25 
.8 

68 
64 
11 
9 
57 
55 

62 

66 
65 
77 
82 
77 
80 

119 
121 
32 
33 
184 

82 

10.3 
10.6 
10.6 
10.6 
10.3 
10.6 

10.47 
10.4? 
9.67 
11.15 
10.53 
10.80 
10.35 
11.21 
10.61 
10.67 
10.64 
10.57 
10.57 
10.57 
10.63 
10.93 
10.01 
10.6? 
10.50 
11.7 
10.45 

9.2 -12.1 
9.3 -12.4 
9.6 -11.4 
9.6 -12.4 
9.2 -12.1 
9.3 -12.4 

10.0 -13.5 
8.7 -11.6, 

Present 
Present 
Present 
Present 
Present 
Present 

study 
study 
study 
study 
study 
study 

% of all individuals in the 
through Point of Pines Phase 

sTucCy 

Nelson, 1938 
Hrdlicka, 1923 
Hrdlicka, 1923 
Hrdlicka, 1923 
Hrdlicka, 1923 
Hrdlicka, 1923 
Hrdlicka, 1923 
Hrdlicka, 1Q23 
Hrdlicka, I923 
Dahlberg, 1959c 
Dahlberg, 1959c 
Dahlberg, 1959c 
Dahlberg, 1959o 
Dahlberg, 1959c 
Dahlberg, 1959c 
Dahlberg, 1959c 
Dahlberg, 1959c 
Dahlberg, 1959c 
Dahlberg, 1959c 
Campbell, 1925 
Moorrees^l^Jj^ 



TABLE XXXII 

. COMPARATIVE NESIODISTAL 'AITS BUCCOLINGUAL CRO'-IT DIAMETERS 
OF F5HMA1IENT MANDIBULAR MOLAR TEETH 

7. Third Molar 

Group Kesiodistal- Buccolingual Source" 
!To. jMean Range No. Mean 1 Range 

• 

56; 10.7 8.4 -12.6 56 10.2 8.7 -11.9 Present study-
69. 10.7 7.5 -13.1 69 10.2 8.1 -11.8 Present study 
7! 10.2 9.6 -11.2 .7 10.9 9.9 -10.2 Present study 
6* 10.4 . 9.6 --11.8 .6 9.7 9.1 -10.9 Present study 
49» 10.8 8.4 -12.6 49 10.2 8.7 -11.9 Present study 
6^; 10.7 7.5 -13.1 63 10.2' . 8.1.-11.8 Present study 
62* 11.13 62 10.10 • • Nelson, 1938 
136! 11.9 9.0 -14.0 152 11.1 8.0 -13.0 Campbell, 1925 
! 11.1 10.4 Shaw, 1931 

: -9.9 9.6 Drannan, 1929 
: 10.7 9.8 Hrdlicka, 1923 

10: 11.55 10.1 -12.0 10 10.99 10.? -12.3 Pedersen, 1949 
12! 11.32 10.4 -12.2 12 10.89 9.? -12.4 Pedersen, 1949 

.. 2J 10.9- 10.1 -11.7 2 10.05 9.7 -10.4 Pedersen, 1949 

.. 35 11.27 10.1 -12.0 3 10.4 9.9 -10.8 Pedersen, 1949 
35* 11.22 9.2 -12.8 30 10.3 9.0 -11.6 Moorrees, 1957 

American Indians 
Point of Pines (left)* 
Point of Pine3 (right)* 
Tularosa (left) 

• Tuliro3a (right) 
Point of Pines Cleft)** 
Point of lines (right)** 
Pecos 

riginal Australian Abo: 
Bantu 
Bushman 
American White 
E. Greenland Eskimc 
E. Greenland Eskimo 
E. Greenland Eskimo 
E. Greenl^d Eskimo 
Aleuts (male & female) 

* Total combined population of; all Point of Pines individuals 
** Late population from Pinedale through Point of Pines Phase 



TABLE- XXXIII 

COMPARATIVE KEAN HESIODISTAL CROV.'N PIASTERS OF THE PERMANENT 
MAXILLARY TEETH OF VARIOUS POPULATIONS 

1. Central Incisor 

Group Mean Range (am) Number Source 

American Indians . 

Point of Pines (left)* 8.4 . 2.6 • 10.0 37 Present study 
Point of Pines (right)* 8.6 . 6.8 ** 10.0 39 Present study 
Tularosa (left) 9.3 8.9 — 9.9 4 Present study 
Tularosa (right) 8.9 8.0 — 10.0 5 Present study 
Point of Pines (left)** 8.4 . 2.6 - 10.0 33 Present study 
Point of Pines (right)** 8.6 6.8 - 10.0 34 . Present study 

Pecos 8.67 . 105 Nelson, 1938 
Australian. Aboriginal • 9.4 8.5 - 10.0 56 Campbell, 1935 
Bnntu 8.9 7.5 - 10.0 66 Shaw, 1931 
Bushman 8.3 25 Drennan, 1929 
E, Greenland Eskimo 8.41" 7.0 - 9.0 89 Pedersen, 19^9 
Melanesian males 9.1 8.0 mm 10.1 57 Janzer, 1927 
Melanesian fenfles 3.9 8.0 -.10.1 59 Janzer, 1927^ 
Javanese males 8.6 129 Mijsberg, 19311 

Javanese females 8.2 • 35 Mijsberg, 1931* 
American Whites 9.0 8.0 - 10.0 f Black,. 1902 
Finns A 8.5 • 7.6 — 9.9 15 'Hjelmann, 1928 

. European Whites ^ 8.5 . 7.0 - 10.0 17 . Choquet, 19081 
Swedish females 3.6 Seipel, 194^1 
Alaraanni 8.7 5.0 - 10.9 •? Scherz, 1916 
Aleuts, mal.es 8.45 7.1 - 9.5 97 Noorrees, 1957 
Aleuts, females 8.07' 7.2 - 8.7 65 • Koorrees, 1957 

* Total cora'bined population of all Point of Pines individual 
** Late population from Pinedaie through Point of Pines Phase 
•1 Cited "by ledersen, 19^9 2. Mainly French 



"ABLE XXXIV. 

COMPARATIVE >EAIT HECIQDIIiTAL CRQV7I7 DliUETERS OF TE2 • PERMANENT 
MAXILLARY TEETH OF VARIOUS POPULATIONS 

2# Lateral Incisor 

Grout) Kean Range (mm) Number 
' 

Source 

American Indians 
Point of Pines (left)* 7.4 6.0 - 9.1 42 Present study-

Point of Pines (right)* 7.2 5.3 - 8.4 43 Present study 

Tularosa (left) 7.6" • 7.0 - 8.0 5 Present study 

Tularosa- (right) ' 7.2" 6.2 -•7.9 6 Present study 

Point of Pines (left)** 7.4 6.0 - 9.1 37 Present study 

Point of Pines (right)** 7.2 5.9 -••8.4 37 Present study 

Pecos 7.1 6.2 - 8.0 84 Nelson, 1938 
Australian Aboriginal '7.7 6.5 - 9.0 78- Campbell, 1925 
Bantu 7.2 5.8 - 8.0 66 Shaw, 1931 
Bushman 6.7 • ' 24 Drennan, 1929 

. E. Greenland Eskimo 7.1 ' 5.0 - 8.2 87 Pedersen, 1949 
Melanesia nales 7.6 6.5 - 9.0 62 Janzer, 1927* 
Melane3ian females 7.4 6.0 

"  9 , 3  
69. Janzer, 1927* 

Javanese males 7.0 .131 Mijsberg, 1931* 
Javanese females ' 6.7 38 Mijsberg, 1931* 
American Whites• 6.4 5.0 - 7.0 : 1 Black, 1902 

Finns 6.6 . 5.0 - 7.7 61 Hjelmann, 1928 
. Germans 5.0 - 8.0 ? Muhlreiter * 
Swedish males '6.-8 

5.0 
469 Seipel, 19*+6* 

Swedish females 6.6 . 476 Seipel, 19*t6* 
European Whites2 6.4 5.0 - 7.6 . 19 Choquet, 1908* 

' Alamanni '6.7 5.0 - 9-0 7 Schwerz, 1916* 
Aleut males . 7.3 6.1 - 8.1 88 Mborrees, 1957 
Aleut females 7.1 ' 6.3 - 8.1 59 Noorrees, 1957 

* Total combined population of all Point of Pines individuals 
** Late population from Pinedale through Point of Pines Phase (A.D,1250-1450) 
1 Cited "by Pedersen, 1949 2 Mainly French 



TABLE XXX7 

COMPARATIVE MBSIODISTAL AND BUCCOLETGITAL CROY.TI DIAMETERS OF 
PERMANENT MAXILLARY TEETH 

3» First'Premolar 

Group 

No. 
Mesiod^stal 
Mean • Range No. 

Buccolingual 
Mean • Ran^e 

Source 

American Indiana 
Point of Pines (left)* 37 7.2 6.4 - 8.2 38 9.2 7.0 - 10.4 Present study-

Point of Pines (right)* 37 7.1 6.1 - 8.0 37 9.5 8.4 - 11.1 Present study 

Tularosa fleft) 5 7.3 7.1 - 7.8 * '9.5 8.8 - 10.4 Present study 

Tularosa (right) 2 7.45 7.L - 7.5 ' 2 10.0 9.8 - 10.2 Present study 

Point of Pines (left)*'* 32 7..1 6.4 - 8.2 33 9.2 7.0 - 10.4 Present study 

Point.of Pines (right)** 35 7.1 6.1 - 8.0 35 9.5 8.4 --11.1 Present study 

Pecos 82 . 7.4 . 82 9.9 Nelson, 1938 

Ramah Navaho (left) 83 .7.1 82 9.'2 • Dahlbcrg, 1959c^ 

Ranah Navaho (right) • 8 3  7.1 85 9.2 . Dahlterg, 1959c 

Hopi (left) 119 7.3 116 9.4 - Drihlberg, 1959c 

Hopi (right) 114 7.3 117 9.5 Dahlb'-rgt 1959c 

Tuba City Navaho (left) 118 7.3 118 '9.4 Ib-hlberg, 1959c 

Tuba City TTovaho (right) 117 7.3 115 9.4 Dahlfcorg, 195?c 

Pima (left) 163 7.8 16^ 9.9 D.-hloerg, 1959c 

Pima (right) 159 7.8 159 10.0 Dahlberg, 1^59c 

. Yuma (left) 53 7.7 55 9.7 Dr\hTfc°rg, 1959® 

Yuma (right) - 51 7.7 49 9.7 Dahlherg, 1959° 

Bantu 7.2 9.0 Shaw, 1931 
Bushman 6.8 8.6 Drennan, 19?9 

Australian Aboriginal 12-4 7.8 • 7.0 - 9.0 163 10.3 9.5 - 12.0 Caiapbell, 1925 

American '.'/hite 7.2 9.1 Black, 1902 

Aleuts (male. & female) 114 7.1 5.6 - 9.0 110 9.3 8.0 - 10.5 Moorrees, 1957 
E. Greenland Eskimo male It, 5 7.6 7.2 -7.9 

T 
< 9.5 9.? - 10.1 Petersen, 1949 

E. Greenland Eskimo- female It.3 
J4-

7.1 - 7.7 
. _•» i • _ « _ ^ 

4 • 8.0 6.8 - Q.8 Pedersen. 1949 

** Late population from Pinedale through Point o Tines Phhse (A.D. 1250-1450) 
Data on contemporary Southwestern Indians from unpublished data loaned to 
the author bjr Dr. Albert A. Dnhlberg. Means are to closest .1 mm 

M 
CD 
;> 



TA3LE XXXVI 

COMPARATIVE K3SI0DISTAL AtfD EUCCOLINGUAL CROWN DIAKETZP.2 
OF PERMANENT MAXILLARY TET7TH 

4. 3econd rremolar Kesiodista}. Buccolingual 

Source Sroup • No. Hean 1 1 Range No.'Mean Range Source 

American Indians ft 
9 

Point of Pines (loft)* •27 6.8 5.8 - 8.9 28! 9.2 8.1  - io.4 Present study 
Point of Pines (right)* 3L 6.9 5.9 - 9.0 . 34* 9.0 7.0 - 10.2 Present study 
Tularosa (left) 4 7.2 7.1 - 7.4 41 9.7 9.1 - 10.4 Present study-
Tulnrosa (right) 3 7.0 6.9  - 7.1 3' 9.5 9.0 - 10.2 Present study-
Point of Pines (left)** 23 6.7 5.9 - 9.0 24® 9.1 ' 8.1 - 10.3 Present study 

• Point of Pines (right)** 31 '6.9 .  5 .8  -  8 .9  32l 9.0 | 
7.0  -  10.1  Present study 

Pecos 89 7.01 88! 9.18 Nelson, 1938 
Ramah Navaho (left) 75 6.8 78l 9.2 Dahlberg, l959o^ 
Ramah 11-ivaho (ri^ht) 75 6.8  76; 9.2 Dahlbergj 1959© 
Hopi (left) 1C2 6.9  102J 9.4 Dahlberg, 1959c 
Hopi (right) 102 7.0 103: 9.4 Dahlberg, 1959© 
Tuba City ?:avaho (left) 90 7.0 90; 9.3 Dahlberg, 1959c 
Tuba City Navaho (right) 93 7.0 92. 9.3 Dahlberg, 1959c 
Pima (left) i4o • 7.4 l4o! 9.9 Dahlberg, 1959c 
Pima (right) 137 7.5  135! 9.8 Dahlberg, 1959c 
Yuma (left) hi 7.2  461 9.6 Dahlberg, 1959c 
Yuma (right) 43 7.3  44* 9.6  Dahlberg, 1959c 

Bantu 7.0  • 9.1 Shaw, 1931 

Bushman 6.5  ; 8.5 Drennan, 1929 
Australian 89 7.23 6.6 - 8.25 •168.10.14 8.5  - 12.0 Campbell, 1925 
American '•.'hito 6.8 : 8.e 

7.4 - 10.9 
Black, 1902 

Aleuts (r.r'lo & fernn] e) 99 6.63 5.1 - 8.1 99: 9.1 7.4 - 10.9 Moorrees, 1957 
E# Greenland A.^kiro n.^le(Lt ) .6.97 6.5 - Jj'r 8; 9.64 9.?  -  10.0  Pedersen, 1949 
E« Greenland "skimo nalefRt ) 5 6.88 6.5 " 7.^ 7| 9.43 8.0 - 10.0 Pedersen, 1949 
E* 3rcenlr-nd Eskimo fem. (it 3 6.73 6.h - 7.3 3; 8.3  8.0 - 8.7 Pedersen, 1949 

Greenland Eskimo fern. (?.t 
i5 5 

6.4 5.6 - 7.2 3* 8.47 
• 7.7 - 9.5 Pedersen, 1949 

* Total combined population of all ?oint of Finer, individuals. ** Late population 
fron ?inedale through *oir.t of I'inec Phase (A.D. 1250 -1450) 1 Unpublished data. Kean3 to 
clo"e:-t .1 millimeter. 



TABLE XXXVII 

COMPARATIVE MBSIODISTAL AITD BUCG0LII:GULAL CRCWN DL\M5T5RS 
OF EE.TMAE3HT KAXILLAHT TEETH 

5. First Kolar 

Group 

Mesiodistal 

No. •'lean Range 

Buccolingual 

No* Mean 
• • 

Range 
Source 

American Indians 
Point of Pines (left)* 
Point of Pines (right)* 
Tularosa (left) 
Tularona (right) 
Point of Pines (left)** 
.Point of Pinen (right)** 

Pecos 
Ramah Navaho (left) 
Ramah Navaho (right) 
Hopi (left) 
Hopi (right) • 
Tuba City Navaho (left) 
Tuba City Navaho (right) 
Pima (left) 
Pima (right) 
Yuma (left) 
Yuma (right) 
Bantu 
Bushman 
Australian Aboriginal 
American White 
Aleuts (male & female) 
E. Greenland Eskimo raale( 
E. Greenland Eskimo fem. 
E, Greenland Eskimo oale( 
E. Greenland Eskimo fern* 

71 
86 
10 
10 
61 
76 

67 
116 
113 
129 
126 
160 
158 
198 
197 
61 
60 

198 

89 
)  l b  

Rt) 18 
Rt) 13 
LtJ 12 

Lt 

11.1 
11.0 
11.1 
11.2 
11.0 
11.0 

8.6 
9.2 
10.0 
9.9 
8.6 
9.2 

13.2 
13.1 
12.6 
12.1 
13.2 
13.1 

10.7 
10.7 
10.8 
10.5 
10.5 
10.8 
10.7 
11.1 
11.1 
10.9 
10.9 
10.5 
9.7 
11.4 
10.7 
10.2 
10.84, 
10.5 
10.85. 
10. *5 

lo.o - 13.0 

9.0 
9.8 
9.6 
10.3 
9.6 

12.0 
11.9 
11.8 
11.8 
M 

73 
86 

.10 
10 
63 
76 

•67 
121 
120 
135 
130 
179 
164 
198 
200 
64 
63 

255 

65 
15 
18 
15 
12 

11.3 
ll.l 

9.5 
7.0 

11.5 J-0.0 
11.3 9-0.0 
11.3 
ll.l 

11.5 
11.7 
11.7 
11.5 
11.5 
11.7 
11.8 
11.9 
11.9 
11.6 
11.7 
11.0 
10.6 
12.8 
11.3 
11.3 
11.8 
11.5 
11.8 

HA 

9.5 
7.0 

13.0 
13.1 
12.2 
11.9 
13.0 
13.1 

11.5-14.75 

10.1 -12.8 
11.* -12.2 
10.0 -12.5 
11.? -12.2 
10-0 -12.4 

Present 
•Present 
Present 
Present 
Present 
Present 

study-
study 
study 
study-
study 
study 

Nelson, 1938 
Dahlberg, 1959c^ 
Dahlberg, 1959c 
Dahlberg, 1959c 
Dahlberg, 1959c 
Dahlberg, 1959c 
Dahlberg 1959c 
Dahlberg, 1959c 
Dahlberg, 1959c 
Dahlberg, 1959c 
Dahlberg, 1959c 
Shaw, 1931 
Drennan, 1929 
Campbell, 1925 
Black, 1902-' 
Moorrees, 1957 
Pedersen, 1949 
Pedersen, 1949 
Pedersen, 1949 
Pedersen. 1Q4Q 

* Total combined population of all Point of Pines individuals. ** Late population 
from Pinednle through Point of Pines Phase (A.D. 1250-1450). 1 Unpublished data. Means 
rounded to closest .1 millimeter. 



TABLE XXXVIII • 

COMPARATIVE ME5I0DI5TAL AND BUCCOLINGUAL CROWN DL'J'TETERS 
OF FMOT MAXILLARY TErTTH 

6. Second Molar Kesiodistal Buccolingual 

Source Group No. Mean Range No. Mean Range ' Source 

American Indians 
Point of Pines- (left)* 67 10.1 9.5 - 12.5 67 11.2 9.0 - 12.6 Present study 

Point of Pines (right)* 68 10.2 8.4 - 13.5 70 10.9 8.6 -• 12.6 Present study-

Tularosa (left) 8 10.1 9.5 - 10.9 8 11.5 10.4 - 12.3 Present study 

Tularosa (right) 7 10.0 8.5 - 10.8 8 10.9 9.5 - 12.1 Present study 

Point of Pines (left)** 59 10.7 10.0 - 12.5 59 U.3' 9.4 - 12.6 Present study 

Point of Pines (right)** . 61 10.3 8.4 - 13.5 62 10.9 8.6 - 12.6 Present study 

Pecos 79 •9.9 79 11.2 Nelson, 1938 

Earaah' Navaho (left) 54 10.0 61 11.4 Dahlberg, 1959c^ 

Ramah Navaho (right)- -50 10.1 61 11.3 Dahlberg, 1959c 

Hopi (left) 63 10.1 68 11.3 Dahlberg, 1959c 

Eopi (right) 54 •9.9 66 ll.l Dahlborg, 1959c 
Tuba City Navaho (left) 64 io.. 3 74 11.4 Dahlberg, 1959c 
Tuba City Navaho (right) 53 10.2 73 11.3 Dahlberg, 1959c 

Pima (left) • 94 10.? 114 11.7 Dahlberg, 1959c 
Pima bright) 85 10.7 68 11.7 Dahlberg, 1959o 

Yuma (left) 21 10.? 28 11.? Dahlberg, 1959c 

Yuma (right) • • 18 10.5 27 11.4 Dahlberg, 1959o 
Bantu 10.0 11.5 Shaw, 1931 
Bushman 9.7 10.6 Drennan, 1929 

. Australian Aboriginal 168 10.9 10.0 - 12.5. 241 13.1 11.0 - 16.0 Campbell, 1925 

American White 9.2 11.5 Black, 1902 
. Aleuts (male. & female) 92 9.9 8.0 - 11.5 .69 11.3 9.9 - 13.2 Moorrees, 1957 
E. Greenland Eakimo malefLt 19 10.2 8.7 - 11.1 19 11.5 10.0 - 12.4 Pedersen, 194-9 

. E. Greenland Eskimo fem. (Rfc 8 10.0 9.4 - 11.5 8 11.5 10.0 - 12.3 Pedersen, 1949 
' E. Greenland Eskimo male(fit 19 10.3 9.4 - 11.5 • 19 11.6 10.? - 12.5 Pedersen, 1949 
E. Greenland Eskimo fem.(Lt ? • 10.1 9.2 - 10.8 9 11.5 10.0 - 12.3 Pedersen, 1949 

* Total combined pop .altion of all Point of Pines individuals. ** Late population 
from Pinedale through Point of Pines Phase (A.D. 1250-1450). 1 Unpublished data. Means 
rounded to closest #1 millimeter. 



TABLE XXXIX 

COMPARATIVE MESIODISTAL AITD BUCC0LI2IGUAL CROWN DIAMETERS 
OF PERKAHENT AXILLARY TEffTH 

7. Third Molar 

Group 

Mesiodistal 

No. ̂fean J Range 

Buccolipgual 
• i 

No. Wean J 
i 

Range Source 

American Indians 
Point of Pines (left)* 
Point of Pines (right)* 
Tularosa (left) 
Tularosa (right) 
Point of Pines (left)** 
Point of Pines (right)**. 

Pecos 
Bantu 
Bushman 
Australian Aboriginal 
American White 
Aleuts (male & female) 
E. Greenland Eskimo male(left) 
E. Greenland Eskimo fern", (right ( 
E, Greenland Eskimo male(right( 
E. Greenland Eskimo fern, (left 

9.7 
9.6 
9.5 
9.1 
9.7 
9.7 

9.4 
9.5 
8.2 

10.0 
8.6 
9.1 
9.5 
9.4 

12 • 9.8 
5l 9.5 

50 
46 

7 
7 

43 
41 

82 

142 

42 
14 
4 

7*4 
7.2 
7.8 
7.4 
7.4 
7.2 

12.2 
12.4 
10.6' 
9.9 

12.2 
12.4 

8.0 - 13.0 

7.1 
.8.0 
9.1 
8.3 
9.0 

11.2 
10.9 
10.0 
11.1 
10.7 

49 
48 
6 
7 

43 
41 

82 

193 

31 
14 
4 
12 

5 

10.3 
10.3 
10.4 
10.6 
10.3 
10.3 

10.6 
11.0 
10.3 
12.3 
10.6 
10.8 
11.2 
10.2 
11.6 
10.6 

7.8 
7.6 
9.2 
8.9 
7.8 
7.6 

12.0 
12.2 
12.0 
11.9 
12.0 
12.2 

10.0 - 15.0 

7.3 
9.7 
8.3 
10.? 

9.5 

12.5 
12.1 
11.5 
13.0 
11.6 

Present 
Present 
Present 
Present 
Present 
Present. 

study 
study 
study-
study 
study 
study 

Nelson, 1938 
Shaw, 1931 
Drennan, 1929 
Campbell, 1925 
Black, 1902 
Moorrees, 1957 
Pedersen, 1949 
Pedersen, 1949 
Pedersen, 1949 
Pedersen, 1949 

* Total combined Pojjftt of Pines population ** Late population from 
Pinedale through Point of Pines Phase only (A.D. 1250-1450) 
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The Point of Pines teeth are found to be non-aberrant in this 

respect in all but one instance. 

Indian data from the southwest useful for comparison 

has been greatly increased by the work of Dr. Al.bert Dahlberg 

among the Ramah 'Navaho, Pima, Tuba City Navaho, Hopi, and . 

Yuma Indians. This as yet unpublished data has been 

generously loaned to the author and is included in the 

•comparative tables. 

In general the Australian aboriginal teeth have the 

largest mean values of any -group reported in recent man. 

However the Poirit of Pines teeth appear to have a wider 

range of variation than is found within most of the other 

populations listed. In a number of instances the highest 

bucpolingual or iriesiodistal diameter -reported occurs in the 

.Point of Pines population. ' Howeverthese differences are 

slight, and it must be taken into consideration that the 

range for many of the compared populations is not-given. In 

addition, some of the measurements .were obtained under non-

comparable conditions of accuracy. Some, like Campbell' (1925) 

rounded off figures to the closest .5 millimeter, which 

might be one -reason why he reported such high means.-in the 

Australian aboriginals.-, although this might have had the ' ' 

contrary result. 

Several methods of reducing tooth measurements to • 

dimensions which better express crown form and shape are 
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used in the literature. The crown index, dating from 

Retzius, is simply the buccolingual crown diameter divided 

by the rnesiodi'stal crown diameter, and multiplied by 100. 

Grown Index = B.I, diameter X 100 
M.D. diameter 

This index is mo'st often employed to give an indication of 

the shape of the crown. Hoiwever this only gives an 

approximation of the area of the crown delineated by these 

two. diameters, since all teeth obviously are not squares"or 

rectangles. 

A second expression of the size of the crown may be 

obtained by use of the crown module, which is actually a 

mean diameter. 

Grown Module = j^us 

The crown indices and crown modules for.the Point of Pines 

teeth are given in Table XXXX. These give 'a rough indication 

of the size of - the molar teeth, and as. has been found in 

other studies, the tooth decreases in regard to crown area 

from first to third molar in the permanent dentition. In 

the deciduous dentition the second molar is larger than the 

first. •. . ' 

The crown index thus indicates the ratio between the 

mesiodistal and buccolingual diameters, and'gives information 

regarding the shape of the tooth. The molar tooth is 

generally larger in its mesiodis.tal (length) diameter. 



TABLE XXXX • 

CROWN ErDICEo AND CROWN .MODULES FOR POINT OF FINES TEETH 

Tooth Crown Index Crown Module ' 

A. Permanent Teeth 

Upper Right Third Molar 107.29. 10.20 

Upper Left Third Molar 106.09 10.00 

Upper Right Second Molar 98.15 • 10.25 

Upper Left Second Molar 95.59 10.70 

Upper Right First Molar 100.91 11.05 

Upper Left First Molar- ' 101.80 11.20 

Lower Right Third Molar 104.99 10.45 

Lower Left Third Molar 104.90 10.45 

Lower Right Second Molar 101.89 10.70 

Lower Left Second Molar 104.85 10.65 

Lower Right First Molar 104.63. . . 11.05 

Lower Left First Molar 105.56 11.10 

B. Deciduous Teeth 

Upper Right Second Molar 103.97 9.80 

Upper Left Second Molar 106.06 9.65 

Upper Right First Molar 111.98 ' ' '7.75 

Upper Left First Molar 117.01 8.00-

Lower Right Second Molar 113.97 9.95 

Lover Left Second- Molar 110.86 9.70 

Lower Right First Molar 109.21 • 8.95' 

Lower Left First Molar - • 



7AT!L" XXXXI 

CRQV.'N FOUULK;) OF LQV.'SI: MOLAR TICTTI IN VARIOUS POPULATIONS 

Group M 
? 

Source 

Point of Pines Indian 10.45 10.67 10.45 Present study 
I'eco3 Puoblo Indian 13.J0 10.90 10.60 Nelnon, 1938 
American Indian II.05 10.65 - Ilr.n ickaf 1923 
Pima Tr.difn 11.50 11.05 - Dnhlberg, 1949 
Pueblo- male 11.04 20.50 - Hrdlicka, 1923 
Pueblo female 10.36 9.69 - Hrdli cka f 1923 
Kentucky male 10.94 11.08 «• Hrdl i ckn, 1923 
Kentucky femrJ.e• " IO.92 10.41 • Hrdlicka, 1923 
Arkaiis; s urle •11.27 10.09 Hrdlickr, 1923 
Arkansas fern;''. 1 o 10.91 10.43 Ilrdlicka, 1923 • 
Sioux ma] e 11.55 11 .41 — llrdlickn, 19?? 
Sioux femle 11.10 10.90 Ilrdl i cka 1923 
ll'urtrih Nav.".ho ''left) 11.29 ] 0.90 - . Oahlbnrg, 1'95 9 c* 

NavahO (right) 11.24 16.77 - Dr.hi berg, 1959c* 
Ilopi (I'jft) 11.04 10.67 mm Da! il berg, 1959c" • 
liopi (right) 11.06 10,65 - Dahlb^rg, 1959c* 
Tuba City .!Iavaho (left 11.26 10.70 - Dahlbcrg, 1959c* 

' Tuba City *'• vaho(right 11.26 10.7? - Dahlberg, 1959c* 
Pima (left) 11.50 11.12? — Dahlberg, 1959c* 
Tima (right) 11.52 10.71 - Dahlberg, 1959c* 
Yuma (left) 11.13 10.66? - Dahlborg, 1959c? • 
Yuina (right) 11.20 10.68 - Ui-JiLbcrg, 19590* 

Australian Aboriginal 12.10 12.10 11 .50 Campbell, 1925 
Bantu 10.75' 10.65 10.75 Shaw, 1931 
Bushman 10.55 10.35 0 • .75 Dreruian, 1929 
Melanesian 11.50 10.-90 10 .95 Stein. 193^ 

• Melanesian 11.35 10.80 11 .00 ' Dahlberg, 1949 
• American V/hite 10.88 10.40 10 .35 ' Stein, 193^ 
American V/hite 10.75 10.40 10 .25' Black, 1902 
American Negro 10.90 10.65 - Hrdlicka, 1923 
E. Creenland Eskimo 11.60 11.20 11 .10 Pedersen, 1949 
Aleuts 10.98 10.81 10.76 Moorrees, 1957 



CHAPTER X. MORPHOLOGICAL VARIATIONS 

Variations of unusual occurrence in the human denti

tion are often classed into five--groups: supernumerary teeth, 

congenital absence of teeth, gemmate or twinned teeth, un

usual forns of crowns, and unusual forms of roots. In this 

section only the first two categories will be considered, 

since no gemmate teeth were observed in the Point of Pines 

series. Unusual forms of -crowns are individually discussed 

in the sections on Molar Occlusal Patterns. the Protostylld. 

and Carabelli*s Cusp, while unusual .incisal conditions are 

discussed under Shovel-Shaped Incisors. A third category 

will briefly describe•miscellaneous anomalies, such as 

enamel "pearls", cementomas, impacted -teeth, and alveolar 

resorption. 

A.' Supernumerary Teeth (Hyperodontia) 

Hyperodontia, or supernumerary, teeth, are additional 

teeth beyond the normal number -found in man'v They most often 

consist'.of a third maxillary central incisor,, a second 

maxillary canine, a third premolar; or a fourth molar tooth • 

(Diamond 1952). However, Staf'ne (1932:659) in examining a 

series of 500 supernumerary teeth found in 441 Americans out 

of 4^,550 investigated, that almost every normal tooth can 

have a supernumerary .tooth associated with it "which was more 

189 
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or less constant as to .form and size, and that there was a 

definite tendency for each tooth to duplicate." Super

numerary teeth are most frequently observed at the anterior 

or posterior end of the molar series, but have- been found 

at almost any point in- the dentition. Numerical variation 

is either unilateral or bilateral symmetrical. Diamond. 

(1952) believes that it is generally the former, but Stafne 

.(19311.976; 1932) has found a definite tendency toward bi

lateral occurrence in his studies. 

Extra teeth may take diverse forms as well as appear

ing normal, and occasionally an extra molarform tooth will 

be found in the maxillary incisor group. Peg-shape or con

ical, and miniature variations also appear. 

The presence of supernumerary t'eeth in the human 

dentition has been interpreted by some investigators in 

both the fields of comparative morphology and odontology 

as evidence of reversion, or atavism. Early writers such 

as Magitot, Thompson, and Wallisch (cited-by Osburn 1912) 

of the 1690's attempted to explain all cases of hyper'odontia 

as reversions to the more' primitive conditions found • 
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in ancestral forms. Other early writers such as Brunsman, 

Repinger, Baurne, Busch in 1897, Van Metnitz, Schlosser, Bolk 

(1907), Hensel in 1879, and de Terra in 1911 (all cited by 

Osburn) accepted the atavism theory as an explanation for 

some teeth, but rejected it for others.. 

Probably the best argument against the classification 

of the irregularities and anomalies of the "dentition as due 

to the recurrence of ancestral conditions in' a species, or 

atavism, was stated-by Osburn (1912:1197)- ' Osburn noted 

that atavism did not explain all cases since certain 

anomalous teeth may not appear as in an ancestral form,, some

times partially divided teeth are found, and "still another • 

difficulty lies in the fact t'hat teeth may be omitted from 

the series as well as added to it'." Osburn's'arguments 

were 'lent weight by the 1894 work of Bateson ("Materials 

for the Study of Variation, Treated with Special Regard to 

Discontinuity in the Origin of Species") who studied the 

skulls of over 3000 lower mammals•to.collect data on varia

tions -in teeth. Bateson's work rejected the reversion • 

•theory and supplied the most generally, accepted theory in 

evolutionary morphology. BatesonTs evidence on this point 

was clearly stated: 

1. A third premolar, a third incisor, or a fourth 
molar in man could be accounted' for as atavisms (. 
only by a reversion covering such a long period 
of time that this alone would be sufficient to 
render the theory untenable in the- light of our 
modern knowledge of heredity. 
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2. A second cuspid in man or lower mammals cannot by 
the remotest possibility be due to reversion, 
since there is no ancestral condition to which it 
could revert. 

3. Supernumerary teeth seldom present characters 
that, by any stretch of the imagination, could 
be called atavistic. They may have a conical 

. form or be otherwise redimentary or vestigal, 
but they do 'not present ancestral characters. 

4. Duplicate teeth often occur, either in or out of 
the series, that are so similar to those normally 
present that it is impossible to state which is 
the supernumerary'. Such teeth are not atavistic" 
in character, and it is futile to explain them as 
such. • , 

5. The paleontological record of the evolution of 
teeth, which is fairly complete in all mammalian 
orders,'lends .no support to the theory of atavism 
as applied'to supernumeraries. (Cited by Osburn 
1912:1198; Diamond 19.52:193)-

Black (1909), offered an embryological explanation 

for hyperodontia, based upon previous work done by Leche and 

Rose who hypothesized that supernumeraries 'are produced by 

germs budding off fr-om the dental lamina. Black's embryo-

logical studies led him to the explanation that the enamel 

germ is the important structure in originating a tooth, being 

the first rudiment to appear* The size and form of the 

dental papilla and thus of the tooth, are dependent upon the 

size and'form of the enamel organ. The enamel organ was 

observed by Black to arise from the dental lamina by pro

liferation and to form a' continuous-plate of cells turned in 

from the embryonical oral epithelium. A proliferation of 

epithelial cells from the lamina, i-f of deep enough penetra

tion into the tissues, could thus give rise to an enamel 

organ and consequently, Black felt, to an additional tooth. 
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Thus normal extra teetht called by Bateson "duplicate 

teeth", are explained by Black as originating from accessory 

strands of cells which arise from the dental lamina, and 

which give rise to enamel organs. 

In the Point of Pines Indians five cases of super

numerary " teeth were observed.. All of these have been rarely, 

reported in the literature for American Indian groups. Dental 

roentgenograms were utilized as an aid in determining more 

accurate position information and in checking diagnosis.. 

Unfortunately not all of the material was X-rayed, so it is 

possible' that non-erupted supernumerary teeth may not have 

been detected in all cases, particularly' if they were of the 

"mesiodens" type (Colby 1956:36). 

1. #024 Arizona;W:10:7#• Turkey Creek Pueblo 
(burial #39) Female. Ca 26 years. 

Alveolus of erupted supernumerary right 
maxillary central incisor.' Tooth was lost 
post mortem.- Both central right and left 
incisors and lateral right incisor were also . 
lost post mortem. The socket is slightly 
'shallower than the normal left and right 

• . central incisor sockets. . This tooth had 
• .displaced the right lateral incisor dis.tally 
and slightly anterior to its normal penetra
tion. iMo malocclusion observed. Death due 
to penetration of the 6th thoracic .vertebra by 
a hostile projectile point. 

2. #091 New Mexico F:14:l. "Jewett Gap ('Gallo') 
• Pueblo. (Burial 0-269). Female. Ca 18 years. 

Alveolus anterior to left central 
maxillary incisor. Central and lateral 
incisors lost post mortem. 

3. #219 Arizona W:10:50. 'Point of Pines Ruin. 
(Burial #135) Male (?). 22(?) years. 

Supernumerary bilateral non-erupted 
maxillary central- incisors. ."Third set". 
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4« #166 Arizona W:10:50* Point of Pines Ruin. 
(Burial #30) Male. . Ca 23'years. 

Supernumerary bilateral mandibular 
second premolars, and supernumerary left 
•mandibular first premolar. Nonerupted, how
ever left second premolar crown has broken 
lingual surface of corpus at level of cervix 
of the normal tooth, and lingual to it. Left 
first supernumerary premolar is also non-
erupted, although a portion of crown is visible 
lingual and mesial to normal right second pre
molar. Individual has. 35 permanent teeth 1 

5. #124 Arizona W:10:50." Point of Pines Ruin. 
(Burial 7#0-69l) Male. 16-17 years. 

Supernumerary unilateral mandibular right 
fourth molar. Non-erupted. Located slightly 
buccal and anterior to third molar, which has 
not erupted because-it is impacted by super
position of the 4th molar. This is of type 
called "diminutive" by Hrdlicka. Since it is 

• not lateral to the'third'molar it is not a 
true paramolar. It measures 6-5 mm mesial-

•• distally, and buccolingually is 6.1 mm in 
diameter. 

Since one clear case of a 4th'molar supernumerary 

tooth was found, it is of interest to compare this with other 

similar findings, particularly among Indian groups. 

Most early writers considered a fourth molar in man as 

a distinct atavism.. However, this may be countered by the-

fact that no known recent or fossil'primate has possessed 

more than three molar teeth. •Bolk (1907) proposed a "terminal 

reduction" theory of circumvent this objection, considering 

the- fourth molar as due to reversion, but relating it to the 

third molar in some American monkeys. Thus he tried to derive 

•the dentition of the New World Monkeys of the family Cebidae 

(which have 3 molars and three premolars) by claiming that the 

third premolar had taken on the form of a molar, and that the 
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third molar is lost, to reappear occasionally as a super- • 

numerary fourth molar. But this must be classed as pure 

speculation as no evidence for this exists. • 

The paleontologist Schlosser theorized that the 

fourth molar in man represents the last deciduous.tooth of 

the Placentalia, held back and displaced, and 'sometimes re

occuring 'as a supernumerary fourth molar. 

. Fourth molars have been rarely found-in Man, so the 

finding of even one case among such a relatively 'small 

sample is.of considerable interest. 'In regard to Indian 

groups and Eskimos, only five previous instances of a reported 

fourth molar have'-been found in the li-terature. Hrdlicka 

(1916:49) found one supernumerary mandibular fourth molar in 

a Delaware Indian. Leigh (1925:192-4) found one miniature . 

maxillary left fourth molar in a Sioux Indian. . Three 

'instances have also been reported in the Eskimo. Sundewall 

•in 1871 (p. 231) ('cited'by P-edersen 1949^32) found a fourth 

molar in a West Greenland skull, which might 'have been bi

lateral' since a corresponding depression was found on the 

'other side, although no tooth was found. Pederseri (1939) 

found two-West Greenland skulls with'small maxillary fourth 

molars. No fourth molars have been reported -in other Eskimo 

or Indian groups to the best of the authors knowledge. How

ever, in -ge-neral X-rays have not been utilized extensively 

'in.past studies, and it is possible-that the'incidence' would 

be found to be higher. Use of this technique is of particu

lar aid in .locating non-erupted teeth. 



13. Supernumerary "bilateral lower second 
premolars and lower left first premolar from 
a 23'year old Point of Pines Indian (male),#166 

Fig. l*t Photograph of a cast of the lower 
dentition of a Tucson Negro youth, showing 
supernumerary "bilateral first and second 
premolar teeth. 
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The occurrence of fourth molars has been more exten

sively reported in other racial groups. In the largest 

Cancasold,gttoup examined, for this character to date, Stafne 

(1932:656) reported 22 cases of fourth molars out of 4^,550 

cases studied.' Pedersen (1949:37-$) gives an excellent -and 

comprehensive, summary of other studies dealing with the 

incidence of the fourth molar in man. However, eleven studies 

in which concise information,is given list only' 44 definite 

occurrences of the fourth molar in oyer 63,000 individuals 

(including Stafne's study). 

There is as yet no valid indication as to racial 

frequency of the occurrence of the fourth molar due to the 

methods utilized. The frequency as reported in a very few 

Indian and Eskimo populations indicates that-it may be much 

lower than that found in Whites, and if so the Point of Pines 

Indians are unique in having .a relatively high frequency of 

this character. However, this must remain in the catagory of 

speculation until more precise comparative data is obtained 

from other groups. . 

Three cases, of supernumerary teeth found in the Point 

of Pines Indians were of extra maxillary central incisors, 

in one of these (#219) the condition was bilateral and the 

non-erupted teeth formed a portion of a "third set". In

stances of maxillary supernumerary incisors have been pre

viously reported in 'many groups and appear to be more' common 

than other types of hyperodontia. 
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In American Indians, Leigh (1925) observed 2 cases 

with supernumerary teeth between the upper central incisors 

out of 113 Havikuh Zuni. In 129 Arikara Indians Leigh 

found two supernumeraries in 2 cases between the upper 

central incisors, and in a third case one .distal to the 

upper lateral incisor. Four instances of supernumerary 

incisal elements were also found by Leigh (1937) out of 

900 Pre-Spanish Peruvians examined. 

Pedersen (1949:.32) reported 5 instances of super- • 

numerary incisor teeth out of '702 modern East Greenland 

Eskimos, 1 out of 52 East Greenland Eskimo skulls, 3 in-461 

West Greenland Eskimo skulls, and in 1,436 mixed 'West Green

land natives 10 .upper inci'sbrs were found. Pedersen ("Uber 

Zahnretention 'bei gronlandischen Es'kimos", 1941:117* abb. 7)' 

shows a photograph of a maxillary fourth molar very similar 

to one found in a-Point of Pines Indian. Pedersen also 

notes that Budtz-Jorgensen in 1925 observed extra incisor 

teeth in 3 'cases out' of 1,208 West Greenlanders, but-that 

Ritchie, who'examined about 50 Eskimo skulls, and Hrdlicka, 

who studied 37 Eskimo skulls from North American and. Smith 

Sound,- did not report observing any. • 

Ruffer (1920:346) reported one adult Nubia Negroid 

male "had 4th molars as large as normal molars" and a 

Negroid female had one right maxillary fourth molar which 

could have been bilateral. Ruffer believed that less than 
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1% of predynastic and Dynast'ic Egyptians had a fourth molar. 

Montelius (1932) found two cases of fourth molars in his 

Chinese study, one of which was bilateral and impacted. 

Stafne (1931) observed 200 supernumerary upper central in

cisors in 160 Americans, and found a definite tendency to

ward bilateral .occurrence in these. 

In one case (#166) bilateral supernumerary mandibular 

second premolars, and a single supernumerary first premolar, 

were found in a Point of Pines Indian. This resulted in a 

dentition consisting of 35 t'eeth, although 6 mandibular 

teeth had b'een lost post mortem, and the mandibular third 

molars were lost at least two years before death. This is 

a rare condition, which to the authorTs knowledge has not 

been previously observed in another individual in this 

particular sequence. 

Pederseri (1949". 33) in 'a West' Greenland Eskimo hunter 

from Nanortalik, found two supernumerary mandibular premolars 

which occluded with two maxillary distomolars, giving him 

36 erupted teeth'. JDr. Tweed, of the 'Charles H. Tweed 

Foundation for Orthodontic Research, has given the author 

the mandibular cast from a Tucson Negro youth who had bi

lateral eruption of supernumerary first and second premolars 

(Figure 12). Stafne (1932:657) reported a case in which 

there were four premolars on one side, and' another case in 

which 4 premolars were observed on one side and three on 

the other. Although in such cases it is often difficult to 



.Fig. -15 Occlusal view of a supernumerary 4th molar 
tooth in a 16 year old Point of Pines male, f,L 124, 

nsF jsJ ? 
W .» A 

' u % 
Pig. 16 Lateral buccal X-ray 
of the same 4th molar as is 
pictured above. 

Pig. 17 Lateral lingual X-ray . 
of the same 4th molar as is 
pictured above. 



Pig. 18 Congenital absence (bilateral) 
of mandibular second premolar teeth in 
a ^5" year old Point of Pines male, ;>12S5 • 
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tell which teeth are the supernumeraries and which are the 

normal teeth, in the Point of Pines case the supernumeraries 

are located in 'a more buccal position than is normal, and 

are also slightly smaller. 

Table XXXXII shows the occurrence of supernumerary 

teeth of all- types that have been reported in various popula

tions. From this it is apparent that the Point of Pines 

Indians, with an Incidence of 1.4/^, are intermediate between 

such diverse groups as the Havikuh Zuni, Australian Aborigines 

East Greenland -Eskimos, Singapore - Japanese on the one hand, 

and Singapore Chinese, Singapore Indians, and White North 

Americans, on.the other. The Arikara Indians, with k. cases 

out of 129, and an incidence of 3-1 /<>, have.not only the 

largest incidence previously reported for all Indian groups, 

but for all other populations studied as well. However, the 

Tularosa Phase Jewett Gap Indians of this study, with 1 case 

out of- 1-3, or an incidence of .7•7';^, have by far the greatest 

relative occurrence for any group reported. This is signifi

cantly more than would be expected, based on other reports, 

but represents too small a sample to warrant extensive con

clusions , -.other than to note that the Jewett Gap Indians were 

atypical in this respect.' 

The Point of Pines 'five cases of supernumerary teeth 

(3 teeth) are the most that have been 'reported for a single 

Indian population. However, the Point of Pines sample also 

included more individuals than the other groups. 
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It is interesting to- note that i\ielson (193S) found 

only one case (0.6$) out of 172 Pecos Indians, and -Leigh 

(1925) and later Rabkin (1943) reported no supernumerary 

teeth out of 66 Indian Knoll Indians. 

There appears to be considerable variance in regard 

to incidence of supernumerary teeth among diverse racial 

groups, although all groups report such small-proportions 

that extra teeth in humans must still be regarded as "rare." 

. B. Congenital Absence (Hypodontia) 

'• Hypodontia, or congenital absence of teeth, is also 

known by such terms as: lack of teeth, .'reduction in number 

of"teeth, hereditarily missing teeth, partial or total 

anodontia, oligodontia, aplasia, ateleodontia, agenesia, 

and merestic variation of teeth (Grahnen 1956). It is 

generally considered to be characteristic phylogenetically 

of serial structures. In humans, Thomsen (1952) notes 'that 

population studies In which each tooth group was "included 

indicate that the frequency of hypodontia varies between 

I'.Qfo and 5*0%, although Schultz (1934:628) woul'd extend 

this to 10.0$. • ' 

In general, absence of teeth- and reduction in develop 

men't is most commonly found in the distal tooth of each group 

Congenital absence of teeth in the human dentition is most 

freauently noted in the maxillary lateral incisor, second 

premolar, and third molar, -and less frequently in the first 

premolar, and first or second molars. (Hrdlicka- 1911; 1921; 
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Boik 1916; Guyer 1924; Schultz 1925; 1934; Humble 1934; 

Dahlberg 1945? Moorrees 1957; Caldas 1957)• However, while 

the upper lateral -incisors in all groups are usually more 

variable than -the centrals, the opposite situation has been 

found for the lower jaw, since here it is the central i-ncisors 

which are "the more unstable. In some Mongoloid groups a 

greater frequency of missing mandibular incisors.than in 

Whites has been reported (Tratmari 1950; Pedersen 1949;. and 

the present study). 

The condition is probably caused by a dominant, gene, 

a-s indicated by the following studies cited by Grahnen (1956) 

in which fanily or pedigree investigations have been made: 

Sergi 1914; Wheelon 1925; Gardner 1927'; Beadle 1926:: Schultz 

1932; 1934; Bradlaw 1934; Johr 1934; Komai 1934; Keeler 1935; 

Keeler and Short 1934;.McLeod 1934; 'Dahlberg 1937; Hotz 1938; 

Montagu 1940;- Hocken'jos 1941; Edwards 1941; Lieberkirid 1946; 

Erwin and Corkern 1949; Handeville 1950; Lysell 1953; 

Grahnen 1956. In addition there may be either complete, or 

partial atrophy of epithelial strands which produce such 

underdeveloped teeth as the conical or peg-shaped lateral 

incisor, and the peg-shaped or "ice-cream cone1' canine tooth 

found in the Point of Pines series (reported on in the section 

on anomalies in canines). In rare instances congenital absence 

of the entire permanent dentition has been reported (Diamond 

1952; Thoma 1954). • Hypodontia may occur either bilaterally 

or unilaterally in the dentition. 
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Explanation as to the causes of absence of third 

molars in particular are abundant in the literature. Falero 

(1905) is representative of the school of thought that assumes 

that the're is a higher incidence' of hypodontia in modern 

Whites and that this higher i'ncidence is due to reduction in 

the size of the jaws due to. decreased function inherent in 

urbanization. In this manner third molars are believed to 

be presented from developing due to a lack of space. 

Darwin (187^122), in The Descent of Man, expressed 

another viewpoint in observing that the third molar was 

variable because of a lack of space in developmental stages. 

Darwin quotes Schaaffhausen, in accounting for a difference 

between races by "the posterior dent'al portion of the jaw 

being always'shortened in-those that are civilized, and this 

shortening may, I presume, be attributed to civilized men 

habitually feeding on. soft, cooked food, and thus using 

their jaws less." 

According to Weidenreich (1946), absence of teeth is 

of evolutionary' significance since it- is a result 'of reduc

tion in the size of the jaws, and accompanies sin enlarge

ment of the brain. But Montagu . (194^-323) doubts that the 

tendency toward reduction or elimination of teeth is con-

corn-ittantly associated with the progressive shortening of the 

jaws. Montagu states that "if the upper and lower jaws have 

undergone an equal reduction there- should be an equal, reflec

tion of this in the teeth of each jaw", but this is not the 



case, according to Montagu, since the lower incisors are 

much more stable tha.n the uppers. 

•The' theory that reduction in number of third molars 

is caused by decrease of masticatory function was questioned, 

by Adloff in 1937, who, according to Pedersen .(1949:58), 

"calls attention to the fact that retrogression in the third 

molar already occurred in fossil hominids." '-phis is supported 

by the evidence presented by Schultz that congenital absence 

of incisors and molars occurs in other primates as well as ' 

man. In a survey of nearly 2000 skulls of adult monkeys and 

apes Schultz found "a. congenital lack of third molars o'n a 

general average in 1.4 percent of'the cases (e.g. Ateles = 

7.6 percent.; Cebus = '4-8 percent; Hylobates = 3*8 percent), 

the lack of upiper lateral incisors in. 0.1 percent (only in 

one Gorilla and in one Gibbon) and the congenital absence of 

lower medial incisors in 0.8 percent (e.g'. Alou-atta = 3-8 

percent: Nasalis = 2.4 percent; Pan = 1.7 percent; Gorilla = 

1.4 percent)" (1934, 628). Heliman (1936) noted that 

absence of third molars had been observed in a Chimpanzee," 

Schultz (1932) recorded a case .in which the lower and upper 

incisors of a Gorilla were marke'dly reduced, and. Schultz 

also.records a second such case in a Gorilla observed by 

Regnault in 1893• Instances in early man appear sparcely 

recorded, however according to. Carette-Pillot, and as noted 

in Piveteau (1957), third molars are missing in some-of the 

Krapina Neandertal jaws. 
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Tratman (1950:277)' strongly attacks the theory that 

the highest incidence of missing third molar teeth occurs 

in "civilized modern many, and calls the argument that "the 

teeth are absent because the jaws are small" a "non-sequito'r 

argument" since "an equally valid conclusion would be that 

the jaws are small because the teeth are absent". In support 

of Tratman, and in refutation of this theory, Pedersen's 

(19^9:58) observations as a result of his Eskimo studies are 

extremely pertinent. 

There is, however; nothing to .substantiate that the 
development of the third molar is dependent upon the 
space available, and it is out of the question that 
civilization be responsible for the very high inci
dence of missing third molars in the East Greenland 
Eskimo. Neither does any lack of space generally 
occur In the powerful jaws of-this group or of those 
of other' native peoples in which absence of third 
molars is frequently met with. In most Greenland 
Eskimo jaws, indeed, abundant: space is available for 
the accomodation of the third molar... According to 

•Hellman (121) this is also'true of the American Negro, 
the American Eskimo,'the Buriat, and the Australian 
Aboriginal,- and yet they all show a. high percentage 
of congenitally missing third molars. Aius it is safe 
to say. 'that it has not been at all proved that congeni 
tal absence of third molars 'is caused by lack of space 
for their accomodation-.11 • 

. Pedersen -is backed up in this assertion by Goldstein 

(1932) who found that on the basis of .congenital absence of 

the third molar teeth the Eskimo could be considered as 

evolutionarily very advanced. 

Gregory (1922) and others have shown that' there is' a 

definite trend toward an evolutionary reduction in mammalian 

teeth, although the cause, as has been i-ndicated, is disputed. 

In speculation of what features the human dentition of the 
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future may have, if this apparent trend toward-reduction in 

numbers" of teeth continues, Gr.egory (1929) feels there will 

be little change-, although a million years from now humans 

may lose all four third molar teeth to give a total of 28. 

Keith (1929) showed that English faces and palates are be

coming narrower. Moorr.ees (1957:51) suggests that "the 

dental formula of man may ultimately become' 1^ G P • 

for a total of' only 20 permanent teeth. ' ^1 C ^1 iVil M2 

1. Congenital Absence of -I'hird Molars 

Determination of the presence or absence of third 

molar teeth in the Point of Pi-nes population was restricted 

•by several factors. In some cases alveolar resorption had 

progressed -to 'the point where- presence of a third molar in 

the past could not be determined even' utilizing X-rays. In 

other cases there was an absence of corresponding maxillary 

or mandibular bone, or an absence-of loos-e third molar teeth. 

Thirdly, many children had not yet-reached an age (about-9 

years) at which the molar crown' had begun to form. However-, 

in 172 individuals definite presence or absence of third 

molar teeth could be established. In doubtful cases X-rays 

were used'as a check, as well as presence of an alveolus, and 

presence of loose third molars in absence of aorresponding 

portions of bone for an individual. 

In only three eases, or 1.7/f, was there definite conr 

genital absence of all four third molar teeth (#091, 155, 

207). In only .four other cases was there evidence that at 
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least one third molar tooth was congenitally absent. One 

.individual had only one maxillary left third molar, one had 

only 2 maxillary third molars, a third had one left maxillary 

third molar, missing, and a fourth was observed to be missing 

2 mandibular third molars. '•L'hus only 1$ of the 172 cases 

from which this information could be ascertained did not 

have all four molar teeth present in life. 

Table XXXXIII shows the percentage distribution of 

congenital abs'ence of third molars as reported for some other 

populations. Incidence of absence of third molars appears to 

be quite variable in human 'populations'. ' The percentage lack

ing one. or more third molars have been reported as high as 

•49/o in Hungarians (Hellman 1928), 50% in Sioux Indians by 

Smith, and 70.6% in Uarabis Indians by Maurel. On the other 

hand, the incidence has been-found, to range as low as in 

the Blackfoot Indian (Dahlberg 1949)-, k% in the.Melanesian 

'(Dahlberg 1945), 2. 6/o in the i/i/est African i\Jegro {Hellman 

1940), and only 1.3% in Breslau students (Euler 1936; cited 

by Grahnen- 1956). 

Of the Mongoloids, Eskimps, Chinese, Japanese, and 

Aleuts have been .reported to'have an incidence of congenital 

absence of one or -more third molar teeth ranging from 11% to 

40^ among groups examined for this feature. VJhites have 

variably been report.ed to have an incidence ranging from 

19.7/o to 49%, and Negros from 2.6% to 11%. 
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TABLE XXXXIII 

PERCENTAGE DISTRIBUTION OF MISSING THIRD MOLARS 

Group 

0
 

•
 

0
 

£5 

io Missing 1 Source 
Jaws or more Mj • 

Point of Pines 172 4.0 Present study 
Pecos 1721 9.o2 Nelson, 1938 
American Indians 55 13.0 Hellman, 1928 
Indian Knoll 

. 
some? Rabkin, 1943 

Pueblo Cliff Dwellers some^ Cross, 1932 
Early Texas Indians 175 19.5 Goldstein, 1948 
Carabis 68 70.6 Maurel * 
Blackfoot 25 8.0 Dahlberg, 1949. 
Sioux 10 50.0 Smith * 
Japanese 1300 18.4 Hamano * 
Japanese 4347 34.0 • Saito, Uehara, Ozaki * 
Chinese 19 32.0 Hellman, 1928 
Chinese 64 31.2 Knap * 
Eskimo 55 13.0 Hellman, 1928 
E, Greenland (skulls) 81 23.5 Pedersen, 1949 
Angmagssalik Eskimo 257 26.7 Pedersen, 1949 
Modern SW Greenland 210. 10.6 Pedersen &-Hinsoh, 1^'aQ 
Labrador Eskimo 23 16.0 Dahlberg, 1949 
Northwest Eskimo 232 15.5 Goldstein, 1932 
Eskimo (skulls) 759 16.6 Goldstein, 1932 
Melanesia^' 165 L.o Dahlberg, 1945 
Hawaiian 25 24.0 Dahlberg, 1945 
Australian Aboriginal 20 13.0 Hellman, .1928 
European White 61 20.0 Hellman, 1928 
Neolithic Europeans 41 26.8 Euler, 1936 ** 
German students • 150 1.3 Euler, 1936 ** 
Hungarian 1 49.0 Hellman, 1928 
American 461 19.7 Banks, 1934 
American 21X2 16.4 Goblirsch, 1930 ** 
American 200 22.0 Thomas, 1931 ** 
European students 1600 • 5.8 Friedrich, 1951 ** 
Mixed Europeans 200 • 9.0 Sanda, 1954 ** 
American students(male)261 21.7 Hellman, 1936 
American students(fem.)l72 30.8 Hellman, 1936 
Swedish 1064 25.0 Grahnen, 1956 
Tristan da Cunha . 94 • 19.0 Thomsen, 1952 
West African Negro 9 2.6 Hellman, 1940 
American Negro 119 11.0 • Hellman, 1928 

* Cited by. Pedersen, 1949 ** Cited by Grahnen, 1956 
1 I36 skulls, 8'without mandibles,.28 odd mandibles 
2 Mandibular incidence. 2.0fo given as maxillary percentage. 
3 No data given. Some "malposed, unerupted or absent" 4 No data 
given, "in others, no external evidence of third molars exists". 
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Point of Pines Indians, Pecos Indians, and Early Texas 

Indians make-a good comparison since each -sample has nearly 

equal numbers in which this feature was observed. Point of 

Pines Indians, with' an incidence of only k%, are much lower 

in this respect than either Pecos (9«0'/o mandibular), or Texas 

•Indians (19«.5^*)« xhis indicates that three Southwestern 

Indian populations 'which 'were more or less contempraneous dif

fered in incidence of this character. 

The low Incidence of congenital abs'ence 'of third molar 

tee-th found in'some of the American" Indian populations, and 

particularly in the. Point of Pines Indians, is of interest. 

On this basis the Point of Pines and Pecos Indian populations, 

differ markedly from the other Mongoloid'populations (Chinese, 

Japanese,. Aleuts, Eskimos, and Carabis, Sioux, and Early Texas 

Indians). Although no -explanation -for. this difference i's 

attempted,, the explanation that Pedersen suggests for the 

high incidence in the East-'Greenland Eskimo, Isolation, could 

just as readily' result in a low incidence of this presumably 

heritable character in the Point of Pines population. A1-. 

though there is archaeologic.al evidence which points, to trade 

contacts at .Point of Pines with other group's, it Is not known 

just how isolated the Point of Pines people were' as 'a breed

ing population. The extremely .low incidence of congenital 

absence of third molars could indicate .endogamous mating, 

especially if other neighboring Southwestern Indian groups of 

a similar time period could be shown to have high rates. This 
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must remain speculation until more comparative data are ob

tained. However, it is suggested that in vi'ew- of the strik

ing unity of the Point of Pines Indians in regard to incidence 

of this trait, compared to the variable frequencies found in 

other Indian groups with much higher incidence, the possibility 

of non-mix", ire with other gene pools exists. 

The inter-group variability shown between .supposedly 

Mongoloid populations, as well as in'Negro and White groups •, 

makes it difficult to show valid distinctions on a large 

scale racial basis.' Therefore, although for different•reasons, 

this author must agree with Pedersen's conclusions regarding 

the usefulness of congenital absence of third molar teeth as 

a racial diagnostic Snd yardstick of human change. From an. 

evolutionary point of view it is doubtful what significance 

can be placed on'this trait. : 

2. Congenital Absence of Canine 

In the Point of Pines series no congenital absence of 

a canine tooth was observed. However, in one case an under

developed peg-shaped canine t<?oth was found (#135), and is 

discussed under Anomalous Tooth Forms. 

3• Congenital Absence of Premolar Teeth 

In the Point of Pines population three individuals 

were found to have congenital absence of premolar teeth. The 

more distal members of a .tooth group have been shown to be 

the more variable in all populations studied, and this pattern 

is observed'in this population also, since each case of con

genital absence affected a s-econd premolar tooth. 
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A 15 year old female, jf229• (Arizona W:10:50 Burial 

No. 175), was observed to have congenital absence of a 

mandibular left second premolar. Another individual, a 45 

year old male, #285 (Arizona W:10:50 Burial No. 285), was 

found to have the condition bilaterally in the second 

mandibular premolar (Figure 16). The third case of congenital 

absence of second pre.mola.rs occurred in an 18 year old female, 

#323 (Arizona WllO^O Burial No. 10), and is unusual in that 

both upper and lower second premolar teeth are bilaterally 

affecte'd. 

These three examples illustrate the variability of 

.expression that may.be found in this character, which may 

be unilateral or bilateral, -and affect only maxillary teeth 

or only mandibular, or both, ' These three • individuals all 

represent a late Point of Pines Phase, and although the 

exact time span cannot be determined for these individuals, 

it was probably between A.D. I3OO-I4OO. Since Point of 

Pines was abandoned about A.D. 1450, and the older individual 

was 45 years old, about A.D. 1305 would be the upper limit 

for this individual to have been born. ' None of the earlier 

Tularosa Phase People of the Point of Pines area were found 

to have this character. 

While it -is indeed on insecure.ground to base a 

hypothesis upon.only 3 cases, representing a 1.2% incidence 

(including all'the' degrees of expression of this character), 

it is certainly' suggesti-ve of an intra-populatiori difference 
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in this respect. To the stude.nt of population genetics it 

offers a clue analogous to (and subject to similar doubts) 

that afforded the Archaeologist by the perplexing discovery 

of 3 intrusive pottery sherds.-. 

Archaeological evidence that indicates an intrusion 

into" the Point of Pines area about' A.D. 12^5 is thus supported 

by the fact that prior to A.D. 1305 a new genetic trait 

appeared in this population. "Since congenital absence of 

premolar teeth .was not observed in this population during 

"the pre-ceding 100 or so years before this trait showed up, 

it could indicate that it had been introduced, not by the 

Tularosa people, but by other later people coming into the 

Point'of•Pines area and intermarrying. Again, while this 

.consideration is indeed.provocative, it is felt that the 

evidence is probably too weak to be more than suggestive. 

4- Congenital Absence of Incisors 

The incisor teeth, next to the third molar, is most 

often observed to be absent in man. However, while in the 

upper dentition the lateral incisors' appear to, be more un

stable than 'the ' centrals, the opposite has been -found to be 

true for the lower inc'isor group (Dahlberg 1949)* Similarly, 

interesting racial differences have been found in regard to 

incidence of congenital absence of this trait. Tratman (1950: 

277) even goes so. far as to state, "It may be catagorically 
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TABLE XXXXI7 

PERCENTAGE DISTRIBUTION OF MISSING AND 
DEGENERATE MAXILLARY UTERAL INCISORS 

Group Number Degenerate Source Group 
Missing Both 

Point of Pines l^1 .0 ..0 . .0 Present study 

Point of Pines 1551 1.9* .0 1.9* Presont study 

Pecos Indians 172 .0 • .0 .0' Nelson, 1938 

Chinese • 547 • .15 7.7 7.8 Hrdlicka, 1921 

Japanese . 172 1.1 ^•7 6.0 Hrdlicka, 1921 

Japanese - • - - 4.0 Montagu, 19^0 

Hawaiian • 21 1.7 1.7 3^ Hrdlicka, 1921 

Melanesian 197 .0 .0 .0 Montagu, 19*+0 

New Caledonian. crania267 .0 .0 .0 Schwartz ** 

New Hebridean crania 400 4 0 • .0 .0 Schwartz ** 

Australian crania I 266 .0 .0 .0 Montagu, 19'K) 

Australian AborigiIiall24 • .0 • .0 .0 Campbell, I925 

Bantu 132 .0 .0 .0 Shaw, 1931 
Negro (pure) - - - 1.5 Montagu,.19^0 

Negro (Mixed) - - - 5.0 Montagu, 19^0 • 

American Negro 307 2.0 >•7 5.7 Hrdlicka, 1921 

White 500 3.2 3.1 5.2 Hrdlicka, 1921 

Kodem \/hite - 2.5 2.5 5.0 Montagu, 19^0 

Swedish adults 1006 1.6 - 1.6 Grahnen, 1956 
Swedish children 1064- 1.7 - 1.7 Grahnen, 1956 

* Mandibular incisors ** Cited "by Montagu, 19^0 
1 .Includes only those individuals in the Point of 
Pines population liaving 'inci•"•or teeth. Other studies 
note the number of individuals involved but do not 
state how nany of these had inci." or teeth. 



216 

stated that absence of one or more incisors of the permanent 

dentition in the mandible is very much more common in the 

Mongoloid group than in the Indo-European group." 

If this is true, then the Point of Pines population 

may definitely be considered to show Mongoloid affinities. 

Each of the 3 cases of congenital absence of incisor teeth 

in this population concerned a mandibular tooth. No maxillary 

aberrations were observed in this respect. 

A 2$ year old male, #156 (Arizona 7J:10:50 Burial 

#0-671), was found to. have bilateral absence of the mandibular 

lateral incisors. In a second case, #300 (Arizona W.;10:50 

Burial 199), a 23 year old female was found to be missing one 

lower right' lateral incisor. 

Howeyer, two of 'these cases are uniaue in that lateral 

mandibular incisors are considered to be absent. In the . 

mandible the lateral incisors are generally regarded to be 

more stable than the central Incisors." 

Table XXXXIV shows 'the Incidence of congenital absence 

of incisor teeth which has been reported for some groups. 

Hrdlicka (1921) has examined 2689 living individuals for this 

trait {did not' use X-rays), and Rose (cited by Montagu) 

studied "15,2^6 adults, of which 2996 were crania. The 5-7$ 

incidence which Hrdlicka found for the American Negro-, .when 

compared to Rose's figure of 1.5% 'for the African Negro, has 

been pointed out. by Montagu as of-'significance in that it 

demonstrates the effect of. White admixture (although it is 



Fig, 19 Three molar teeth of Point of Pine? Indians 

showing enamel onias. (A) # 092, (E) #301, (C) # 199-
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not, as Montagu {±91+0:31+0) calls it, due to "the influx of' 

White blood"). 

There does appear to be'some correlation between con

temporary human groups, having a relatively higher incidence 

of congenital absence of incisor" teeth, and earlier popula

tions which show in general a very low incidence of this 

trait. Possibly this may be related to the low degree of 

malpositioning of teeth noted £or many earlier groups, as 

compared to the condition in contemporary White Americans. 

In this regard only 5 instances of tooth crowding were 

observed in the entire Point of Pine.s series,- and i'n only 

one case was the malposition of teeth extreme enough to 

reauire orthodontic treatment. 

In modern Whites Montagu found 2«5$> .incidence of 

missing lateral incisors and 2.5% degenerate, while another 

19<0$ was reported to deviate from the normal condition'. • 

It is interesting to compare this fairly high incidence of 

variability to the condition reported for more isolated 

groups. Not one case of congenital ab-sence of incisor teeth 

was observed or reported in studies of 266 Australian crania 

(Montagu 1940), 124 Australian Aboriginals (Campbell 1925), 

267 New Caledonian crania and 1+00 'New Hebrides crania '(Sc'hwar 

cited by Montagu); 172 Pecos Indians (Nelsen* 1938), 132 

B a n t u  ( S h a w  1 9 3 1 ) ,  a n d  1 9 7  M e l a n e s i a n  c r a n i a  ( M o n t a g u  191+0) .  

Each of the three individuals found to have this con

dition in the Point of Pines Indians were from the Late Point 
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of Pines time phase, while no instance of this character was 

observed in the earlier Tularosa Phase people. As in the 

case of the congenital absence of premolar teeth, and in 

view of the above studies indicating a-n absence of this 

trait in isolated populations., the finding of this condition 

in individuals late in the Point of Pines, settlement (some

time prior to A.D. 1422) is suggestive of intrusion of this 

genetic trait due to Point of Pines intermarriage with a • 

.new people from a different .gene pool. 

A comprehensive study, including a bibliography 

consisting of over 190 references, of congenital absence in 

the lateral incisor teeth has been made by Montagu (1940)- • 

He is of the opinion (1940^350) that the conditions which 

affect lateral incisor teeth behave genetically as pure-" 

dominants, "although in many cases it is probable_ that the 

dominance is incomplete". Montagu (1940:348). further states, 

"a -condition such as missing lateral incisor is very probably 

due to the operation of a genetic'factor which does not come 

into play until quite late in development, at the time, 

possibly, of -the proliferation of the dental lamina from the 

oral epitheleum...Examining pedigrees of 52$ -students 

•indicated to Montagu-that most forms of'the lateral incisor 

variability are .inherited as pure dominants. It is also 

interesting to note that Lucas, as early as 1888, pointed out 

a relationship between congenital absence of an upper lateral 

incisor and cleft lip and cleft palate.' A more recent study 
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by Sanders (1934) of this inheritance among the Dutch resulted 

in the opinion that these conditions depend upon polymerous 

recessive factors. Rantanen (1956) has investigated the 

frequency of missing lateral incisors in the Finnish. 

Since congenital absence of the lower lateral incisor 

may be inherited through a similar mode as that demonstrated 

in the upper- one of Montagu's pedigrees is reproduced to 

illustrate this (Chart 5). 

Grahnen (1956) studied 1006 Swedish Children .(ages 

11-14) and 1064 Swedish adults (ages 17-43), and made addi

tional family studies on 685 parents and sibs of 171 indivi

duals with hypodontia. Since this represents the most 

exhaustive genetic analysis of hypodontia in all of the tooth 

groups, his conclusions are of importance: 

Analysis of the. present data has shown beyond all 

reasonable 'doubt, that hypodontia in-the permanent 

dentition in man is primarily determined by g.enetic 

. factors with a fairly marked degree of penetrance... • 

It has also been shown that the type of inheritance 

is not so simple as had been supposed on the basis 

of numerous pedigree studies.- The present data are-

barely sufficient to allow any definite conclusions 

to be drawn as to "the mode of transmission of hypo

dontia in man but... the'simplest and most likely 

explanation is that., in the majority of cases, 

dominant genes are involved. There are probably a 

•number of different genetic entities involved in 

the production of hypodontia..." (Grahnen'1956:78). 

Future studies may clarify the mode of- transmission, 

which is still in doubt, although, evidence for genetic 

causality of hypodontia now appears to be substantial. 
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C• Miscellaneous Morphological Anomalies 

1• Enamelomas 

Enamelomas are found as enamel deposits on the roots 

of a tooth, although sometimes they may occur as isolated 

structures. They are generally referred'to as "enamel buds," 

"enamel pearls," or "enamel drops." They are not super

numerary teeth since they rarely contain dentin-or have a' 

pulp cavity. Thoma (1954-1158) states "this bumpr may be 

found described as adamantinoma, adantoblastoma, and multi-

ocular cyst. The enameloma is an odontogenic tumor of • 

ectodermal .origin". The larger enamelomas may consist of a 

nucleus of dentin covered with a thick layer of enamel. These 

anomalies are formed when, a portion of Hertwig's sheath 

remains in contact with the .dentin and is stimulated to 

differentiate into functional ameloblasts. (Colby 1956:39). 

Enamelomas are relatively rare,. Usually they have been, 

found situated.-between the roots of two teeth, or attached at 

the bifurcation of the roots of molars and premolars as well, 

as at the cervical, margin of single rooted teeth. ' . 

In the Point of Sines population three cases of-

enamelomas were, found. .In one case'(#199) one pearl was 

located on the distal cervical border of the upper right- third 

molar. This was observed on a 23 year old male "from Arizona 

W:i0:50 (Point of Pines). -A second case was-found on a 23 year. 

old-female from Arizona W:10':50 (Point of Pines Ruin). But 

. i * 

in this second case 3 enamelomas were clustered on t'h.e root 
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of the lower left third molar tooth- A third enameloma was 

found in the same relative position as in this first case., 

on the distal aspect of the cemento-enamel junction of a 

mandibular left third molar tooth. This occurred on a 21 (?) 

year old female (?), No. 0.92 from Jewett Gap Pueblo (New 

Mexico F:14:l).. This'enameloma consisted of-a large "bud" 

which measured 2.1 mm by 1.6 mm buccolingually. Each of • 

these'teeth with their enamelomas is shown in Figure 17-

Leigh (1925-:19l) reported the occurrence of "enamel 

nodules" on two upper left second molars, and on one third 

upper'molar of the Indian Knoll Indians. Among the Indians 

of Pecos Pueblo Nelsen (1938:291) and Rihan "(Hooton 1930)' do 

not mention enamelomas. But Leigh (1925:193) found four 

cases of "one or more enamel nodules on the molars" in 

Arikara Indians. Leigh (1925:194) also found among the Zuni 

Indians "an enamel nodule occurs on the lingual, aspect at 

the bifurcation of. the roots' of a "lower third molar." • 

Pedersen (-1949:155) found enamel nodules quite common 

'in the Eskimo, finding 84 individuals having'them, and- as 

many as 5 in one tooth-. Ruffer (1920:348) only found one' • 

enamel pearl in the ancient Egyptians he examine-d. Enamel 

pearls have been observed in many racial groups, and an 

excellent discussion can be found in Pedersen • (1949:149-155)• 

2. Cementomas 

Cementomas, also known as cementosis, s'ementum hyper

plasia, and cementum-exostosis, are synonymous terms for 



Fig. 2G Two examples of cement one. s 

found in Point' of Pines .Indisns, (A) 

335,. (?) i t  036. 
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localized cementum deposition. Cementum forms the outer 

structure of the root of a tooth, and although it may con

tinue to form throughout' life, usually it forms only in 

localized regions after the first layers of uniform thinness 

are formed and calcified, These local areas of -formation 

are mainly in the apical region and in multi-rooted teeth 

in the area of bifurcation. Diamond (1952:50) notes that 

the etiologic factors may be traumatic or bacterial 

Two instances of pementomas were .found in the Point 

.of Pines population) and are shown in Figure 18. Both encased 

the entire root system, forming a more or less solid mass, 

similar in appearance to ankylosis with the bone, wumber 

335 , (Arizona W:10:52 Burial #21) a J+0. year old male, was 

found to -have a cementoma bilaterally.on the maxillary-

second molar teeth. A second individual, #036 (Arizona W:10:78 

Burial #28), a-1+5 year old male (?), had a cementoma on his 

lower right third molar. 

3 • -Anomalous Tooth.. Forms 

Two teeth, a right maxillary lateral incisor, and a . 

maxillary'left canine tooth,.were found which showed unique 

deformation. 

The anomalous maxillary left canine tooth.was found, 

in a 22 year old male, #135 (Arizona W:10:50 Burial #135)• 

This appears to be analogous to the peg-shaped incisor forma

tion in general. The height is only 7.5 mm. above the cervix, 

so this tooth was never .in occlusion. In appearance it can 



Fig, 21 A pep-shaped left 'naxillaiy canine tooth 

of a 22 year old Point of Pines male ( jJ- 135)- • 

x i  
v • .!*»Al * ' 

Jig. 22 A "barrel-shaped right' maxillary lateral 

incisor of a 19 year old Point of Pines female 

(,r lAj)» 'Tote that the 'ri^ht "buccal first premolar 

shottn reversal of the normal buccal-lingual croun 

form. The central incisors are typical of the 

shovel-shape form. 
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best be described as similar to a scoop'of ice cream, even to 

the curled pinnicle at the top. This tooth is pictured in 

Figure 19- It is interesting to note that this individual 

also had a set of supernumerary non-erupted maxillary incisors 

previously described". 

An unusual form of a 'right maxillary lateral incisor 

was found in_a 19 year old female (Arizona W:10:50 Burial 

#0-627), #143- As -is shown in -Figure 20 (occlusal view), the 

large lingual central cusp or tubercle has its.anterior 

aspect joined to•the lingual surface of the tooth. Due to 

the pronounced lateral ridges (shovel-shaped) this creates ' 

two distinct lateral fossae between the lateral ridges and 

the median.fusion, or what might be called a "double-barrel 

shape." 

4- Alveolar Resorption 

In alveolar bone the trabeculae are arrange.d in 

'patterns in accordance with the direction of functional 

stress. The internal architecture of this cancellous bone 

is thus related to the degree and duration of 'any functional ' 

stress. When -teeth are lost the trabeculae tend to be re

sorbed, and the marrow spaces become larger, until in extreme 

condition the entire cancellous structure will become re

sorbed". ' The compact layer of bone generally remains intact. 

However, according to Diamond (1.952:26$) it is .not valid to 

assume-that alveolar bone is resorbed entirely because it is 

no longer necessary. -It has been observed that bone will be 



Fig. .23 Several examples "of alveolar resorption 

of the 1113.11(111316 found in the Point of Pines 

population. 

Pig. 2k . Malposition of a maxillary left canine • 

tooth which has erupted distal and "buccal to the 

first premolar. Crowding and raalpositioning of 

teeth was found to occur rarely among the Point. 

of Pines population. 



1 Pig. 25 A lingual view of an impacted left raandi'bular 

third molar tooth. 
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formed in the alveolus with little 'loss at the crests due to 

resorption. ' 

Several edentulous mandibles were .noted in the. Point-

of Pines series which showed complete resorption 'of the 

alveolar processes. These all occurred in aged individuals. 

However, partial resorption' was common in middle-aged indi

viduals due to early loss of certain teeth. Figure 21 shows 

several such examples found in this population. 

5. impacted Teeth 

Ten cases "of impacted third molar teeth, mainly mandi

bular, were observed in the Point of Pines Indians. Only. 1 

instance of an impacted second molar (mandibular) was found. 

Since not all the dentitions were- X-rayed, it is possible 

that there wer& other cases in these individuals. This 

incidence of 3 -5/S is similar to that found for impacted third 

molar teeth in .the'Pecos Indians. Hooton (1930:121) notes 

3' or 2.11% males, and 4 or 3*60% females were found to have 

this condition. Cross found a few instances' in ancient Pueblo 

cliff dwellers. More recently Lasker- (1950:145) has observed 

that impacted third molar teeth are commonly found among the 

Chinese. Winter (1925 ) and Haines (1956), have-also noted 

that the third molar 'tooth was most frequently subject to. 

impaction. • 

Third molar impaction among the Chinese was also 

studied by Montelius. He used oral roentgenograms on 5017 

Chinese and Whites/ and 'found that approximately one-third-of 
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all impactions in both groups were multiple. Montelius" points 

out that serious .pathological .conditions may arise from 

neglected or untreated cases of impacted teeth. Among the 

Chinese he commonly found Osteomyelitis of the mandible 

associated with impacted third molar teeth. Montelius (1932: 

932) concluded from his study that "race is a factor influ-. 

encing the frequency of impacted teeth", since "the Chinese 

had three times the frequency that Whites did. Montelius' 

findings are tabulated, since this ''is the largest study to 

date- concerning impacted third molar teeth. 

Impacted Third Molars in Chinese and Caucasoids 

(after Montelius 1932) 

Group Number Impacted Percentage 

Male Chinese • 2.240 . ' 719 32.1$. 

Female Chinese. 832 234 . • 28-4 

Male Caucasoid 888 104 ' 11-7 

Female Caucasoid 1066 134 12.5 

The most recent study of impacted teeth'has been 

niade by Bjork in European Whites (Swedish and Danish), using 

both longitudinal and cross-sectional studies. His findings 

we're that impaction may be expected in every 4th-or 5th male 

Scandinavian, and that the alveo.lar arch (third molar space) ' 

is reduced 90% of the time.- Developmental factors which Bjork 

(1956:231) found included vertical development of condylar 

growth, small mandibular length, and backward eruption of the 

dentition. In addition, he found a relationship between im

paction and retarded maturation of the third molar tooth. 
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Pig. 26 Li'this 12 year old Point of Pines 

female the second permanent premolars have 

erupted beneath the second deciduous molar 

teeth despite retention of the latter. 

" 1 

Fig. 27 Buccal X-ray view 

of the left side. 

Fig. 28 Buccal X-ray view 

of the right side. 



CHAPTER XI. TORUS MANDIBULARIS 

A number of bony outgrowths or exostoses have been 

described in the literature. They may take the form of 

points, nodules, tubercles, or globules. When found at the 

junction of the palatal processes along the midline of the 

palate they are termed torus palatinusj and called torus 

mandibularis when they are located on the lingual surface of 

the mandible in the premolar region, opposite the mental 

foremen. 

No association has been found between torus mandibu- •" 

laris and torus palatinus (Shaw 1931; 'Drennan 1937; Sakai 

1954; and Moorrees 1957)- Lasker *(1950:198) among -83 male 

American Negroes, 1+11 Mexicans, and 59 White males, found . 

"no statistically significant associations of the occurrence 

of mandibular and palatine tori", jyiicroexamination of the 

bone reveals that the structure of the latter is composed of 

spongy bone (Weidenreich 1936; Thomas 1937; Woo 1950), while 

torus mandibularis is composed of compact bone (Weidenreich 

1936; Krdlicka 1940.) • Due to the low occurrence of palatine 

and maxillary remains in the Point of Pines collection, no 

consideration has . been given to-tOEiis^palatdirius. This study 

has been restricted in this r.espect to a consideration of 

torus mandibularis in this population. 

Historically, torus mandibularis was named by Furst 

in 1908, but first described by Danielli in 1B84 (p. 333), who 
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Fig. 29 Bilateral torus mandibulario in • 

a JO yonr old Point" of Pines mr.le. 
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"saw the condition in lower jaws of 1 Swede, 1 Italian, 1 

Terra di Lavaro jaw, 1 Slovene, 1 Hungarian, 1 Kirhgis, 1--

ancient Peruvian." Hrdlicka (194-0) gives the most detailed 

work on this subject to that time, and also examined 5632 

White, Negro, and Mongoloid mandibles.for this condition. 

The most recent comprehensive discussion of these tori is 

found in Moorrees (1957:54-68). 

Torus mandibularis most commonly consists of round 

protuberances which occur bilaterally, although' Lasker (1947) 

reported freauent unilateral occurrence in White monozygotic 

and bizygotic twins-. -An excellent example of extreme bilateral 

torus mandibularis was found in a 30 year old Point of Pines-

male, as shown in Figure 27. These protuberances are usually 

multiple and are often fused. They are capable of forming a 

lingual shelf above the mylohyoid line, which in extending 

toward the midline, may interfere with free tongue movement 

in extreme instances. These protuberances may be either • 

tubercular or of a striated type (Weidenreich 1936; Hrdlicka 

1940) composed of smaller bony ridges lingual to the molars on 

the corpus of the mandible. While the striated type has been 

found in both anthropoids and man, the tubercular type appears 

unique to man alone. Torus mandibularis has been found in 

two of the Sinanthropus'lower mandibles (Weidenreich 1936), 

Chancelade (Vallois 1939), and to various degrees in diverse' . 

groups of Homo sapiens. 
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Hooton (1918) set up a categorical typology to in

dicate the degree of presence of-this torus as "absent", 

"trace", '"slight", "marked", "extreme", and which is adhered' 

to by Moorrees (1957)- An earlier classification was 

attempted by Furst and Hansen in 191$ and followed by Akabori 

.in 1949, Hrdlicka (1940), and Sakai.(1954), which included 

'three categories: "slight", "medium", and "pronounced". Al

though not yet'applied to the mandibular torus, Woo ('•1950) 

has made a more objective approach by classifying torus 

palatinus by height, breadth\ and length measurements. The 

earlier subjective methods have resulted in different inter

pretations as to classification, which makes "a comparison of 

the results of previous' studies. . .of doubtful value" (Moorrees-, 

1957, $6). In the prese-nt study the only classification 

employed has been "absent", "present", and "unknown" (fetuses, 

or no mandible present). x<urther breakdown by degree of size 

was not attempted, nor.' were sexual comparisons made since . 

the sample size was such that expected errors in sexing could 

tend to nullify .reliable", conclusions . 

The problen of causation is still warmly disputed, ' . 

and the comparative 'influence of environmental and genetic '• 

factors is unknown. Five main hypotheses hav'e been advanced 

4 

to 'account-for this condition. • • 

The hypothesis that torus mandibularis is.a functional 

response diie to usage of tough foods and is therefore correlated 

with tooth wear is supported by Hooton (191S), Kajava, and 
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Hrdlicka (1910; 1930; 1940). Hrdlicka (1930:310) termed them 

"synergetic hyperostoses". _ However, Woo (1950) demonstrated 

that the bone lamellae of torus- mandibularis are transverse 

to the stress lines. Perier also Objected to the functional 

hypothesis on the basis that if the tori are caused by stress, 

they should be located bucally, rather than lingually, in 

.order to reinforce the mandible. 

Although Rihan (Hooton 1930:368) considers the mandi

bular tori as "benign growths due to traumatic masticatory or 

peridontal irritations", and non-physiological, he neverthe

less puts- forth some additional excellent arguments against 

the functional or environmental theory: "the mandibular pro

trusions are found mostly lingual to the premolars, which 

have a limited occlusal surface and consequently bear less 

strain than the molars... this fact would'indicate that it is 

not a'reenforcement, since it is anterior to the area where 

'reenforcement is needed." Rihan (Hooton 1930:367) further 

observed that 97% of the Pecos Indian cases he had studied . • 

showed marked attrition, and thus "these 'mandibular and palatine 

growths or ridges ar'e absent in a great many cases that show 

marked attrition, a condition which would necessarily'mean 

excessive strain and which'would-call for bony reerjforcement". 

Weidenreich (1936) who considered torus mandibularis 

to be an early hominid characteristic believed that the pro

tuberances represented bulges left after reduction of earlier 

heavier alveolar processes, in the process of human evolution. 
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Grimm, in 193#, found, an inverse relationship between 

torus rriandibularis a'nd the linea mylohyoidea. He found that 

when "the latter was marked, the torus tended to be-smaller, 

and attributed this to variations in the soft tissue layers of 

the bone. 

'Belief that a high sensitivity of the bone was due to 

a "deficient diet and avitaminosis", was put forward by 

'Schreiner in 1939. Van den Broek (1941) was certain that 

torus mandibularis was due to chemical .irritation of the 

mucous membrane. 

Torus mandibularis is of particular interest' in this 

study because .it is' commonly given as a characteristic of 

Mongoloid peoples (Knap 1953; Drennan .1937; Moorrees 1957)• 

It would.therefore be expected that the Point of Pines Indians 

would show a relatively high frequency of this character, 

since they are of supposedly Mongoloid descen-t. 

. This, implies a genetic relationship, but there'is, 

at the present time, insufficient evidence to support.this 

fifth hypothesis to account for these tori. Recently, how-* 

'ever, some progress has been reported in'investigations deal.-

ing with this-aspect. • .• 

•Lasker- (1950:198) believes .that torus mandibularis is 

a'trait with a high degree of penetrance "because .of the 

tendency toward bilateral symmetry in individuals". Suzuki 

(1955)-is continuing genetic studies of these tori in the 

Japanese. Moorrees (1957) found evidence of a familiar . 
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incidence based upon genealogical records of living Aleuts. 

In a second genetic study' (Moorrees, Osborne, and Wilde 1952: 

327)' the mode of inheritance of torus mandibularis in the 

Aleut was investigated, and since this is probably the best 

genetic attempt to date to determine a precise explanation 

of the mechanism of inheritance of torus mandibularis (assum

ing genetic causation), their conclusions, while indecisive, 

are both provocative and pertinent: 

"The incomplete genealogies and the small number 

of individuals, make a pooled sib analysis of the 

Aleutian population impossible, if the 5 arbitrary 

catagories of torus 'development were taken as 

•genetic classes, the simplest mode of inheritance 

suggested would be two genes of cumulative effect. 

' This hypothesis fails in a pedigree analysis of two 

'instances where age and sex influences .can"be ruled 

out. Therefore, at least three independent loci 

affecting torus development must be assumed to 

satisfy all cases represented in the pedigrees of 

the two Aleutian populations, clearly indicating a 

complex rather tha-n simple mode of inheritance. How--. -

ever, the data are not Sufficient to determine how 

complex the mode of inheritance may be. The evidence 

is furthermore insufficient to determine whether a 

cumulative or major.gene modifier mechanism is operat

ing." .. 

It may be well to note here also, that one of the. major 

pillars of the .environmental, school as advanced by Hrdlicka. 

(1940) as-a causative factor of torus mandibularis, has been 

that a -near-absence_of' this character has' been found in 

children. -However it is possible that the scarcity of 

adolescent mandibles available in many previous- studies may 

have led to this conclusion, for Moorrees (1957) found a 

frequency of 23-9 - 3*3% in Aleut children between the ages 

of 1 and 17, and Hrdlicka (1910) found the condition present 
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Despite the controversy as to the cause of this 

character, there does -seem to be agreement, in general, that 

due to their slow growth these tori "are of no pathologic 

significance" (Thoma 1954-1244), and "never irritate the 

surrounding bone or break down" (Hrdlicka 1940*2). 

Examination of Table XXXXV shows the apparent diversity 

of the incidence of this character among various racial groups 

studied to date." Torus mandibularis incidence varies from 

being entirely absent in Melanesians (Hrdlicka), the American 

Indian .(Oetteking),'aboriginal. Australians (Schreiner)-, and 

Papuans (Suzuki), to a presence of 81.9% in Sakhalin Ainu 

(Suzuki and Sakai), 83 -3?^ in Lapps (Hrdlicka), and a high of 

84.in the Greenland Eskimo (Furst and Hansen). Pedersen 

(1949:13) also notes that in the' Greenland Eskimo "in a very 

high percentage of' cases mandibular "hyperostoses (mandibular 

tori) are present", and. Hrdlicka found this condition in 72jo 

of Smith Sound Eskimos. For these particular peoples evi

dently the generality that "a relatively high frequency of 

torus mandibularis" (Moorrees 1-957:6) is characteristic of 

the Mongoloid race appears true, at least for the groups 

studied. However, while this hold.s true for the Eskimo, this 

statement is not universally supported by previous studies of 

other Mongoloid peoples. Moorrees (1957) found an incidence 

of 35$ in the Aleuts, and 25*1% in the Western Aleuts.' In 

Chinese and Ainu the incidence appears to be" highly variable, ' 

ranging from 12.2$ in Chinese, to 81.9% in Sakhalin Ainu 
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TABLE XXXXV 

INCIDENCE OF TORUS MANDIBULARIS IN AMERICAN INDIAN POPULATIONS 

Group No. Pre: ence Absence Source Group No. 
N % N 1 % 

Point of Pines 170 10 5.9' 160 9^.1 Present study 

Turkey Creek 51 1 5.5 30 96.7 Present study 

Arizona W:10:50 ' 92 5 87 9^.6 Present study 

Jewett Gap 9 0 .0 9 100.0 Present study 

Pecos Indians 219 119 47.4 97 38.7 Rihan(Hooton 1930)* 

Misc. N." American 2000 271 13.5 1729 86.5 Hrdlicka, 1940 

American Indians 465 16 3A 449 96.6 Hrdlicka, 1940 

American Indians 40' 0 .0. 40 100.0 Oetteking 

Potomac River- 164 14 8.5 150. 91.5 Hrdlicka, 1940** 

Kenctucky 82 19 23.2 61 76.8 Hrdlicka, 1940** 

Florida 497 22 *u5 475 95.5 Hrdlicka, .1940** 

Arkansas & La. 251 54 13.5 217 86.5 Hrdlicka, 1940** • 

Sioux 70 .7 10.0 . 63 90.0 Hrdlicka, 1940** 
Pueblos 526 128 24.3 398 75.7 Hrdlicka, 1940** 
California 410 47 11.5 363 88.5 Hrdlicka, 1940**. 

*. 35 or 13*9$ have an "evenly thiokened lingual process" 
** Data .obtained by rearranging author's tabulations; 

Indians are from U.S. National' Museum Collection, ?he 
2000 total includes the other groups listed for IIrd3icka, 



TABLE XXXXVT 2^2 

PTCID-GTCS OF TORUS MANDIBULARIS IN VARIOUS POTTOATI0H5. 
ADULTS. BOTH SEXES 

Group No. Presence 
N \ ft 

Absence 
TT J of 1, | /U 

Source 

Point of Pines 170 10 5.9 . 160 94.1 Fresent study 
Eskimo 

Fresent study 

Smith Sound 25 18 72.0 9 28.0 Hrdlieka, 1910 
Greenland 215 182 84.8 33 15.2" Furst & Hansen 
Alaska 710 495* 69.7 215* •30.3 Hrdlieka, 1930 
Alaska 1205 482 4o.o 723 • 60.0 Hrdlieka, 1§40 

.Aleuts 108 38 35.2 70 64.8 Moorrees et al,1952 
Pre-Aleuts • 61 32 52.5 29 47.5 Hrdlieka, 1940" 
Aleuts 238 151 63.4 87 36.6 Hrdlieka, 1940 
Aleut children 163 . 39 23.9 124 76.1 Moorrees et al,1952 

•Western Aleut '35 9* 25.7 26* 74.3 Moorrees, 1957 • 
Eastern Aleut 44 27* 61.4" 17* 38.6 Moorrees, 1957 

Japanese 14 2 14.3 12 85.7 Hrdlieka, 1940 • 
Males (over age 15 )834 276* 33.1 •558* 66.9 Sakai, 1954 
.Females(over 18) 136 71* 51.9 65* 46.1 Sakai, 1954 " 
Kinai 244 65* 26.6 179* 73.4 Akaborn 
Hokkaido 67.. 30* 44.8. 37* 65.2 Suzuki &' Sakai, 1957 
Chumbu 479 205* 42.9 274* 67.I Suzuki & Sakai,1957 
Neolithic 118 70* 59.3 48* 40.7 Kantaka 
Sakhalin _ 20.0 m 80.0 Hirai 
Sakhahn 35 10* 28.6 25* 71.4 Morimoto 
Sakhahn 11 9* 81.9 2* 18.1 Suzuki & Sakai, 1957 
Ainu hybrids - - 40.0 - 60.0 Suzuki &• Sakai, 1957 
Recent 332 125 37.7 207 62i3 Suzuki,1953 
Riusan 278 100 36.0 178 64.0 Suzuki,• 1953 

Chinese, Fushan 98 12 12.2 86 87.8 Suzuki, 1953 
Chinese 74 ' 9 12.2 65 87.8 Hrdlieka, 1940 

Koreans, Neolithic 10 7 70.0 3 30.0 Suzuki, 1953 
ProtoHistoric 27 19 70.1 8 29.9 Suzuki, 1953 

Mongols 23 8 34.8 15 65.2 Suzuki, 1953 
Mongols 147 49 33.3 98 66.7 Hrdlieka, 1940 

. Pre-Kotlftgs " 223 133 59.6 90 40.4 Hrdlieka, 1940 
Kbniags 89 41 46.1 48 63.9 Hrdlieka, 1940 

Australians 12 2 16.7 10 83.3 Hrdlieka, 1940 
Aborigine 19 0 • .0 19 100.0 Schreiner 

Papuans 45 0 .0 45 100.0 . Suzuki 
Polynesians 74 3 4.1 71 95.9 Hrdlieka, 1940 
Melane'siana. 29 0 .0 100 100.0 Hrdlieka, 1940 
Bushmen • 50. 3* 6.0 47* 94.0 Perier 
Whites, U.S. 766 47 6.1 737 93.9 Hrdlieka, 1940 
Norwegians 100 17 17.0 83 83.0 Schreiner 
Germans 92 14* 14.2 78* 85.'8 Grimm 

African 4 Amer.Negro 
5?' 

6 11.3 _47 88.7 Hrdlieka, 1940 
* Calculated from percentages given by author 
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(Suzuki and Sakai 1957)- It is quite interesting to note 

that two separate studies of the Chinese (Suzuki 1953- and 

Hrdlicka 1940) found exactly the same freauency of this 

character in each study. 

In this respect the Point of 'Pines Indians do not 

•resemble these. Mongoloid groups,, except for the Chinese. In 

170 individuals only 10, or 5*9%, had evidence of torus ' 

mandibularis present in any degree. The Point of Pines 

Indians also differ sharply 'fro.n the Pecos Indians in whom 

Hooton' (1930) found 47-4/<> (of 216 .individuals') showing this 

character to some extent. 'However, the Pecos Indians appear 

typical, of all other American Indian groups, for the median 

of the 15 studies known to the author in which this trait has 

been reported, is o.nly Thus the'incidence of 5*9% 

found in the Point of Pines population is comparable, al

though lower, than what has been found in other Indian 

groups. If the Point of Pines total, Turkey Creek, Arizona 

W:10:50, and Jewett Gap are not included 'in this total, the 

'median for American Indian groups 'is raised to an 11.5% . 

incidence of torus mandibularis. This is still a'considerably 

different, incidence, of this trait from that which has been 

found among Eskimo groups, or even Pecos. Since .'only'3 

groups of Indians (Pecos, Pueblos; and Kentucky) have been 

•reported as having over 1-3 • 5% incidence of torus mandibularis, 

American Indians might be characterized as having a relatively 

low incidence of torus mandibularis. • 



CHART XXXX7II 

• FREQUENCY OF TORUS MANDIBULAR!5 IN POINT OF PINES INDIANS 

Group No. Absent Present Unknown"' Group 
N .« * N \ fo 

Late Point of Pines 

1. Arizona W:10:50 93 87 . • Sb.6 5 5.^ 106 

2. Arizona Vsl0:51 5 9 100.0 0 .0 1 

3. Arizona V.r:10:52 25 22 88.. 0 3 12.0 21 

Early Point of Pines 

h, Jewett Gap 9 • 9 100.0 0 .0 if 

5. Turkey Creek 31 30 96.7 1 3.3 

C
O
 K~

\ 

6. Higgins Flat & 
Apache Creek 3 3 100.0 . 0 .0 3 

7. Arizona V/;10:37 5 80.0 .1 20.0 1 

8. Others 6 

Combined Point .of Tines (l-a: 

Point of Pines 170 160 
L 

9^.1 10 5.9 •• 180 

* Not included in determining percentages ' 
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Hrdlicka (1934) made very complete anthropological 

examinations of'some 564'Pueblo Indians of Hopi, Zuni, Queres, 

and Tanoan groups in the. period from 1898 to 1910. Of 526 

of these individuals, 24*3% were found to have mandibular 

protuberances. This is about 4 times the incidence found • 

In Point of Pines Indians, and about one-half the incidence 

for Pecos. 

No statistically significant difference (Chi Square 

test, X2 = [( (Q ) was observed between groups, when the 

individuals of the Tularosa sites of Turkey Creek, Jewett 

Gap, Apache Creek, Higgins Flat, and Arizona W: 10:37 were 

compared to the individuals of Arizona W:10:50, 51, 52. 

Group IHave torus 

• Imandibularis 
Exp. w'one Exp. •Totals 

Early Point of Pine? 

Late Point of Pines 

3 . 2 

8 

2.8 

7.2 

46 

114 

45.2 

114.8 

48 

122 

Total; 10 
L 

160 170 

X2 = -.34;. P = -70 .30. . 

Only 1 individual {20%) at Arizona W:10;37> ahd 1 individual 

(3.3$)-at Turkey Creek had presence, of these tori. At Arizona 

• V/;10:51 there was also a complete absence of this character, 

although 3 individuals (12jo) at Arizona W:10:52, and 5 

individuals (5.4%) at Arizona W-:10:50 were found to have this 

condition.. ' 
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Only Old (PreColumbian) Peruvians (Hrdlicka 1940) 

with 3.1+% incidence, Polynesians with 1+.!%, Old Egyptians • 

with 2.V/--, and iMelanesians, Oetteking's American Indians, 

Papuans, and Australian Aborigines, with 100'fu absence, have 

a lower percentage of individuals having these tori than 

the Point of Pines Indians. U.S. Whites'(Hrdlicka 1940), 

with 6.1/i incidence appear to be the group most resembling 

the prehistoric. Point, "of Pines.'Indian i'n incidence of torus 

marfdibularis. 

Thus while there -appears to be fairly high range of 

incidence of torus mandibularis for the Eskimo and circum- • 

polar Mongoloid populations, and a much -lower one for 

A-neric.an Indian groups, one can orily conclude that on the 

•basis of the data so far obtained for various populations 

this character is much too variable to be useful yet for 

differentiating population differences.' Until the- reasons 

for these apparent differences within groups are- sufficiently 

understood, the evidence appears to -indicate that the 

freauency of appearance* of torus mandibularis within a popula

tion is' not a reliable criteria for determining the affinities 

of-different breeding populations. 



CHAPTER XII. CONCLUSIONS 

Teeth have long been recognized- as being of prime 

importance in paleontological study and useful in. forensic 

medicine investigations. "Study of the dentition by anthro

pologists is becoming more prevalent as recognition of its 

.potential 'value increases in the areas of human evolution 

studies, population comparisons, and racial investigations. 

Anthropological studies of the dentition have.in recent 

years'resulted in much additional knowledge.in each of 

these areas. • . 

These studies are most often approached by one of 

four types of investigation: a) Pedigree and familial' 

(Grahnen 1956); b) Twin studies (Bachrach 1927; Korkhaus 

•1930; and many oth.ers) and recently triplet studies (Kraus 

et'. al. '1959); c)'Intensive study of a single morphological 

entity, such as shovel-shaped incisors (Hrdlicka 1920) or 

the Protostylid (Dahlberg 1950);.and d) Comprehensive des

criptions of thfe dental features of a skeletal series 

.(Nelson 1938; Pedersen 1949). The."present study is repre

sented by the last category. 

This has represented a Shift in opinion as to the 

importance of teeth in racial.investigations. In 1911» -for 

'example, Hrdlicka had concluded "with the exception of-size 

of the teeth... there is but little variation. The type of. 

'247 
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human denture can be said to 'be today) with few exceptions, 

radically everywhere the same... the lack of pronounced 

racial differences in teeth or dentition indicates strongly 

a unity of origin of mankind." Gregory (1928:/+76) expressed 

the opinion that dental racial traits were as yet poorly 

defined', "apart from a few striking cases... racial char-
• . t 

acters in the teeth are at most not very conspicuous.15 

Since that time numerous st'udies have been made on 

specific populations of man, and each has added more know

ledge as to, differences and similarities of populations'in 

regard to phenotypic frequencies of certain structural 

characters. A distinct advantage in this respect'seems to be 

the large number of independent characters that can be 

studied in teeth which 'appear to be. genetically determined. 

New characters of a racial significance which have -been 

found since Hrdlicka's comment on the unity of man include 

Dahlberg's description of the.double shovel-shape trait_ 

(1947), and discovery of the pro.tostylid in modern man (1950) 

Intensive investigations of the morphological struc

ture of teeth by physical anthropologists, odontologists, 

and'geneticists, have resulted in a specialized area of 

study termed by Dahlberg (1958b, l) as "Dental Anthropology," 

and defined,by him as'"that branch of science which deals 

with the origins and variations of • the-modern hom'inid denti

tions •" 
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The expressed objective of such studies is varied, as 

has been indicated, but has as a central th'eme the learning 

of more about a particular' aspect of dental morphology," its 

patterns, and mode of transmission in particular population 

groups. To date such knowledge, particularly in regard to 

tjie .genetics of dentition, is still extremely limited. . But 

recent .studies have been encouraging in that racial patterns 

in the dentitions are beginning to emerge in some popula

tions. In American Indians a low or absent incidence of 

Carab'elli's .cusp, and a high-frequency of shovel-shaped iri-

.cisors•appear universally typical.' Pedigree studies in con

temporary populations appear to offer the best evidence of 

the genetic features of these characters and their mode of 

transmission. Many su.ch studies are -taking place, including 

a current study of'the'Pima -Indians by Dahlberg and his 

associates. but most have been- non-conclusive as to discern

ing 'mode of inheritance, and we are still.limited to pheno-

typic frequencies. 

The present status of dental investigations in the 

area of racial populations has been summed up recently by 

Moorrees (1957:5), "Exactly how useful the dentition is in 

the classification of contemporary races is not known, how

ever, because the extent or similarity between the'morphologic 

patterns of the dentitions of relate'd populations has not 

been fully.determined.M ' . 
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Riesenfeld (195.6) used shovel-shaped incisors and 

other dental features to study the problem of Mongoloid 

influence in.the Pacific area. Earlier studies of the' 

Mongoloid affinities of various peoples in the Pacific area 

were .mainly "based upon anthropometric measurements, descrip

tive characters, and serology. Ries.enfeld felt that investi

gations based upon the use of blood groups in thrs area-were 

unsatisfactory because in Polynesia many individuals having 

Mongoloid metric and descriptive 'characters were not of blood 

group -B. Study of the dentition in these peoples enabled 

Riesenfeld (1956:519) to conclude; "A previously assumed 

Mongoloid cline from Indonesia, through-Micronesia, to 

Polynesia, is confirmed by a west-to-east cline'in the 

freauenc3r of shovel-shaped types and the rounding' of lateral 

incisors...incornpatablg with Heyerdahl's claim of an American 

origin of the Polynesians." 

By .studying•the dental morphology of the Aleuts, 

Moorrees (1957) was able to give further evidence to support 

the hypothesis of Laughlin (1949) that the Aleuts are composed 

of two genetically related but not Identical breeding popula

tions.. 

This study has.attenpted to add to the fund of know

ledge new information regarding odontol.ogical characteristics 

in a population not previously studied. Until more studies' of 

this nature are' made knowledge, of trait distribution in 

particular groups will be based upon insufficient data. This 
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type of study forms.the framework upon which genetic hypo

theses can be established. From these observations the • 

incidence of specific characters can be tested in pedigree 

studies. 

It has be6n common in this- investigation to encounter 

in the literature.sweeping generalizations regarding r'acial 

distribution of certain traits which are actually based upon 

a single ridiculously small sample. In the early stages of 

new fields of investigation this is often found,-as in 

Mourant's citing one. small group of Worth Chinese as'repre

sentative of all Chinese in blood type frequency. 

To illustrate the need for more basic d'ata' in some 

racial populations, - the entire American ^egro sample upon 

which Carabelli's cusp has been studied consists of 11+1 

Negro teeth in' one study' (V/issler 1931), and'21 in another 

(Butajeff 1896). To point to these results and claim that 

the "Negro" has between 59/-/ and 100.:; incidence of Qarab'elli's 

cusp are grossly stretching the data. 'Often the' data is • 

misused in a more indirect way, in 'that an author will'point 

to a Mongoloid study and conclude that-the incidence is "much 

less" than found in Negroids. Such statements should be 

qualified. 

Generalizations about Negroid frequency of torus 

mandibular.is are also based upon only -two studies reported 

in the literature, the largest of which consisted of 53 

African and American Negroes, (Hrdlicka 194^). Caucasoid 
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upper third molar patterns have only been reported for 63 

teeth of White Americans (Hellman 1928). Yet each of these 

studies forms the only basis for some of the generalizations 

that build up in the literature regarding entire racial 

distributions of dental traits. Not only are the samples in 

many cases too inadeauate to base a -population conclusion 

upon, but equal value is placed on all series. Thus for 

one trait a racial freauency may be based upon 22 populations 

investigated, while another may represent only 1 or 2. 

To this problem of inadeauate comparative data can be 

added the wide range of mat-erial equated'. Each of these, 

skulls, living, casts, and loose teeth, have peculiar problen 

of measurement. Measurement techniques and standards are by 

no- means universal. A' basic area where standardization is 

necessary is in terminology and definition. The Zoller 

•Laboratory dental casts of Dahlberg. are a major step, in this 
r 

direction, 'although it is doubtful if complete agreement 

will 'ever be reached by everyone concerned with dental 

morphology; .. 

These factors all make accurate inter-population 

comparisons hazardous in many instances-, particularly when 

an author does not include information as to. age, sex, 

whether left or right or combined teeth, whether by number 

is me.an' number of individuals or teeth, and so forth. This 

makes much of the data- availableparticularly in some of the 

early studies, uncomparable and non.-reliable. 
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However these shortcomings, particularly evident in 

rnucli. of the earlier material, are-slowly being overcome by 

the addition of new studies involving more accurate techni

ques, such as X-rays and statistical treatment, as well as 

by more critical and exhaustive investigation.. 

In the present study utilization of more recent 

techniques was enployed. The Zoller Laboratory casts 

originated by Dahlberg we're used in many cases to determine-

congenital 'absence, diagnosis -and anomalous conditions, and 

to aid in locating impactions and non-erupted cases of hypero 

dontia* Accurate depth measurements were taken of the.labial 

arid lingual sulcus of shovel-shaped or. double shovel-shaped 

incisor teeth according to the Boley gauge adaptation of . 

Dahlberg and Mikklesen (1947)- In.addition, the'data were 

computed by left and. right corresponding teeth, so that 

comparison could be made between sides, as has been done by . 

.Pedersen (1949), J^rgen.sen (1-956) , and Dahlberg (1959, un-• 

published data on BagdAd Arabs and Southwestern Indians)., 

Statistical computations included finding the mean, • 

range of variation, standard deviation, and standard, error 

for each set. of tooth measurements.' Other • computations, such 

as Chi Square, t-test, crown.module, crown index, and Coef

ficient of Variation, were all used at various points to re- • 

duce the data or give information as to variation or signifi-

•cance. . 
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Close- correlation in nearly every feature previously 

considered to be typically Mongoloid indicates such ancestry 

for .the Point of Pines Indians (Table XXXXVIII). i'his is 

particularly evident in the features of.marked .shovel-shaped 

incisors, double -shovel-shaped features,;generally large 

teeth, and an absence or low incidence of CarabelliTs anomaly.' 

All American Indian groups are found to share these features 

in common. However, it is to be expected that through the' 

processes of natural selection, mutation, isolation, and 

•genetic drift, frequencies of certain morphological traits will 

be found to be variable.- It i-s these differences in incidence 

of phfenotypic frequencies which may differentiate•various 

populations within a race. 

The only character in which the Point of Fines popu

lation does not agree with frequencies claimed to.be Mongoloid 

(according to Moorrees 1957) is in the non-dental trait of 

torus mandibularis. This- population was found to have an 

incidence of only 5-9which is much lower than found in 

other Mongoloid groups for which this trait has been reported. 

However, due to the extreme range of this character found ' 

within groups of Mongoloid ancestry,, ranging from 12>2% to 

81.9$ in Chinese and Japanese, it is believed that this-at 

present is an unreliable racial diagnostic. However such a 

character,'in conjunction with other specific traits may -well 

form 'a complex which can be useful in population studies. 



TABLE HON ILL 

• k TABULAR COMPARISON OF SOkE MORPHOLOGICAL TRAITS OF THE DENTITION 

BETWEEN THE POINT.OF'PINES POPULATION AND OTHER MONGOLOID POPULATIONS 

A. 

P 

Traits in which Point of Pines Indians are sirriliar: 

Character viongoloid 

In most, high (74-100.0;.:) 

Present '' 

Low incidence •( 0-23 •8'/c J 

1. Shovel-shaped incisors 

2. Double 'shovel-shape 

3- Carabelli's Cusp 

Traits 'in which Point of Pin'es Indians differ: 

/+. Torus mandibularis* 

5' ancestral pattern on 
l.ower first molar 

Usually high incidence, 
Ranges from 12.2/y - 84.87; 

High incidence (68 .7, * -
100/i ) 

6. 5 cusps o'n lower third molar Usually high 

7' Hypodontia of third molar 

"8. Protostylid cu.sps on lower 
first'molar 

9- three-quarter double shovel 
shaoed incisors 

Usually high. ( 6 .0-70 . 5>-) 

Varies from 5-9/c to 3l£ 

~ t unreported. Unknown. 

Point of Pines 

•High . _ 99 • 3/'-

Present (22yu) 

very low incidence 
(0 .8 } c )  

lower Incidence (onlv 
rm 

lower Incidence (onl3r 

4 8 . 7 > )  

Higher incidence than 
(•75.6*;) 

Lowest incidence of 
any Mongoloid popula
tion (4. <J.,) 

None found. 

Low incidence. (6/o) . 

ro 
vn 
V-r; 

*Non-dentaI character. 
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The Point of Pines population has been found to be 

unique in regard to odontolog-ical characters in several, 

•features, iixcept for the Aleuts (l+l.l+yb) and Poles {I+3.Q/0) 

this population has a lower incidence of ancestral Y5 pattern 

on the lower first molar than any other group with which it 

could be compared (48.7/'') • Point of Pines Indians were'also 

found to have an unusually high incidence of 5 cusped lower 

third molar teeth (75 • 6/''). Generally this tooth shows the 

greatest freauency of k cusped occlusal patterns. 

Two other features were found' in .these Indians whic-h 

set them apart .as a distinctive breeding unit in comparison 

to other populations which have been studied. One of these, 

hypodonti'a, or the congenital absence of teeth, has been 

shown to 'vary considerably between populations. Grahneh (1956) 

through numerous pedigree studies has concluded that con

genital absence of the third molar tooth must involve domin

ant genes. In the 172 Point of Pines Indians in whi'ch this 

trait could be determined, only 3 individuals (1.7/0 had 

congenital absence of all.four third molars.- In four other 

cases there was evidence that at least 1 third molar was-

congenitally missing, for an overall frequency of only l+.Qyii. 

A frequency this law has only been reported for West African 

Negroes' (2-6fo) t and 'in Melanesians (i+.O)i>) • Most otheri popula

tions have been reported to have considerably higher frequencies 

of absence of -this tooth.• 
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In 189.2 Bateson ha.d showed that variations were most 

apt to occur in serial structures at the ends. Butler (1939) 

applied what is now called t.he field concept of development 

to his observations of Cenozoic mammals, in respe-ct to 

morphological evolution of the teeth'. According to this 

concept there, are individual fields of influence (much like 

embryological organizers), regulated-by genes for each 

specific character. This theory had been revived by Dahlberg 

(1949:173)' "since it gives a basis for the understanding and 

orderliness of the dentition". However, he believes that 

this theory may require re-examination in the light of his 

recent (unpublished) discovery of features in Bagdad Arabians 

(21)-dentitions contrary to this. In some of these individuals 

the second molar to'oth was observed to be smallest. 

It was found that the Point of Pines population can be 

odontologically characterized by both an extremely'low inci- • 

dence of Carabelli1s' -anomaly and congenital absence (hypo-

dontia) of the third molar. These Indians show a low inci-. 

dence of "the protostylid, torus mandibularis, three-quarter 

double .shovel-shape trait (me-slal-labial ridging), caries, 

malpositioning of teeth, and -tooth impaction. They also have 

a relatively low incidence of the Y-5 o-cclusal cusp pattern 

on'-.the lower first molar.. Point of Pines teeth also show a 

relatively high. (22.5%) incidence of double shovel-shape 

feature. Shovel-shaped incisors are universally present, and 

mean depth of the -lingual sulcus was found- to be 1.4 millimeters 
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for the upper centrals, . 1.3 millimeters for'the upper 

laterals, C.6 mm for the lower centrals, and 0.7 mm for the 

lower laterals. ihe depth of the"labial sulcus of double 

shovel-shaped incisors was 0.3 mm. i.n general Point of Pines 

teeth show severe "degrees of wear.1 Attrition occurs rapidly, 

and is more marked .in mandibular teeth. 

This study, has not been able to produce any evidence, 

for genetic affinities with any present contemporary indian 

population on a basis of the. frequency of the. traits studied. 

This is due primarily to thq lack of odontological studies 

among Southwestern -Indians, and thus there is very little 

comparison that can be made'. However it is believed that the 

characteristics of the Point of Pines teeth reported in this 

investigation will be useful to future work in this area. 

On the- other hand', some indications can be cited from 

these data which strongly infer non-genetic relationships be

tween the Point of Pines Indians and certain other populations 

with which they could be compared in regard to specific traits 

On this basis elimination of certain populations as being 

descendents of the Point of Pines'people can be suggested.. 

• _ A statistically significant difference was found be

tween the Point of Pines Indians and.the modern Pima in re

gard to incidence of the lower first molar, cusp pattern. ' in 

the Pima Indians Dahlberg found a frequency of .occurrence of 

the ancestral Y5 occlusal cusp pattern of 99 •!+'/"• But in the • 

Point of Pines population_the incidence of this pattern was 
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found to be only 48.7%, with 42.5'^ being of a 5 type. The 

Y5 pattern is the ancestral pattern from which the other 

types have 'been derived." Since the earlier Point of Pines 

Indians already had a high frequency of patterns more recently 

developed in an evolutionary sense, it does not appear likely 

that they produced descendents with a much greater frequency 

of this pattern. 

Geneticists, on the other hand, have demonstrated 

the reappearance of ancestral patterns in experimental animals 

(Wright 1934)•.Dahlberg believes that the appearance of the 

ancestral protostylid in .the Pima Indian results-from the . 

"introduction of modifying gene combination by admixture with 

other populations," .and studies of a serological nature among 

'the Pima indicate that. "35. to 45 .percent of the allelic dis

tribution in the Pima 'population may have resulted'from admix

ture with another" unidentified group. (Hanna," Dahlberg, 

Strandskov 1953:377, 3^3)• Thus evidence of the ancestral 15 

pattern difference between the-Point of Pines and- Pima Indians 

may be challenged on this basis alone. 

However the hypothesis that the Point of Pines popula

tion was not ancestral to the Pima Indians can be proved by 

additional evidence observed in this study. tfJot•only .is 

there a distinct difference between the two populations in 

regard to the degree of 'incidence and trend of the ancestral • 

Y5 pattern of the lower first molar tooth, but other features 

as well. No protostylid cusp was found on the first lower 
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molar of any Point of Pines Indian, although this ancestral 

feature was found on 31.0% of Pima Indians (8) examined 'by • 

Dahlberg. While one trait alone might only be suggestive 

of non-relationship, certainly the statistical probability 

of such a two-fold trait transmutation occurring between 

these two populations appears to be clear evidence: The 

probability that the Y-5 pattern difference between .these 

two populations "is due to chance alone is less than one in 

one thousand. Thus the difference is statistically'-signifi-. 

cant by Chi Square test U2 = 6 ^°Ze \ ) ) as follows: 

Have YS 
on Exp. 

Not YS 
on Exp. ' Total 

Pima 161 127 1 35 • 162 

POP 55 • . 89 58 24 ' 113 

Totai •216 59 275-

X2 = 103.2; P = .001 . 

Application' of this same test to the occurrence of 

the. protostylid cusp.on the lower first'molar in the two 

populations results-in a similar- statistical significance.. 

Have Exp. Have Mot Exp. 

Pima* .25 4; 7 55 .75-3 80 

POP 0 •20.3'" 350 329-7 350 

Total 2 5  '  
405 " 430. 

*(Dahlberg 1949:20) -X^ =114.7? P = .001 
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The product of the sums of the probabilities of each 

of these two -traits is .001 x .001: there is-less than one 

chance' in a million that these two differences are not real. 

We may take it as certain that a double reversal- in tooth 

evolution has not taken place, and that the Pima are not 

descended from Point of Pines Indians. Howeveri while this 

shows that it is extremely doubtful if relationships exist 

between the Pima and Point of•Pines population, information 

useful for such comparisons with other modern Indian.groups 

are lacking. 

Comparisons of Tularos-a with post-Tularosa Indians in-' 

the Point o.f Pines population has led to the conclusion that • 

while'some post-Tularosa people have been derived from the 

early people, there was also later admixture, with other un

known people. Both groups, divided in this manner by time 

and site, show .many traits in common. -Many of these charact

ers in which no statistically significant difference was 

observed are also traits shared fairly closely by many 

Mongoloid populations. The.se consisted of the incidence of 

shovel-shaped•incisors, the majority of tooth dimensions, 

low incidence of the protostylid, low incidence of CarabelliTs 

'cusp,' and similar frequencies o.f occlusal patterns. The new 

character of three-quarter double shovel-shaped incisors was 

•found to occur equally in both groups, ^oth groups had a 

similar incidence, of low congenital absence of third molar 

teeth. 
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However, differences were found to occur in six 

specific features between these two groups- "ihe tooth wear 

in'the earlier Tuiarosa individuals was much more severe 

than in post-Tularosa Indians. -vhile 61.0'/. of all Tularosa 

teeth were i.n categories ;/3 and 4, only of- post-Tularosa 

teeth- were classified'thus, and near.ly l/3 of the latter 

were in the no or slight wear (0, -1) categories. The reason 

for this difference has not been found, although many factors, 

such as dietary differences, food preparation.differences, 

metate composition, and carles .incidence, were examined- .The 

tooth wear differences between these two.groups could -also be 

due to a difference in the inherent hardness of the teeth. 

Eut we -have, unfortunately, no means of demonstrating that 

this is so, other than tests such as the Knoop or Erineli 

methods (Skinner 1951), nor. is the mode, of inheritance of 

any such genetic mechanism demonstrable. 

This difference is particularly significant because of 

the relative "numbers of young individuals in each group. 

Coriparison of-the two groups as- a whole show that both groups 

contain equal proporti.ons of children (about 34/")* Thus 

this holds constant an important factor in tooth 'wear: age. 

If the individuals from the Tularosa site of Turkey 'Creek, 

which contained 43/^ children under age 18, are compared to 

those of the late 'Point of Tines Phase of Arizona W:1G:50, 

of'-whom only 34l,» were' children, an even more striking situa

tion is found. ihe_earlier Turkey Creek population, even 
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though composed of proportionately more children showed 

comparatively greater tooth wear than in the later group: 

To date not a single study has been'devoted to 

investigation of the rate of tooth attrition i-n primitive . 

'populations and the different effects of various grits and 

substances upon the teeth. This is particularly regretable 

si'nce populations exclusively, using stone grinding tools in 

the preparation of foods and grains are rarely_found today. 

.A few peoples, such as the Hopi, who use such methods 

occasionally in.preparing food for ceremonial purposes!/... 

depend normally upon commercially prepared grains. 

A study of this nature is planned by Dahlberg in the 

near future, to extend current work underway involving micro

scopic techniques of studying surface wear patterns. 

Other differences were noted between the T.ularosa 

and post-Tularosa peoples of the Point, of Pines population. 

The congenital absence of the second premolar, and the con

genital absence of the incisor teeth, each of which has been 

shown to be due to genetic causation, (Grahnen 1956; Lasker ' 

'1951) were both found in p'ost-Tularosa peoples exclusively. 

It is the incidence of these last two factors in 

particular which suggest • introduction of new gene combinations' 

from unknown people into the Ppi.nt of Pines population.- -The 

reason for this is that neither of these conditions were .-observed 

in any of the early Tularosa people. The appearance of one of 
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these traits late in time .night have been due to chance -

mutation, for example, but.again the appearance of three 

separate cases of each condition in post-Tularosa people is 

strongly suggestive of. admixture with a new gene pool. 

Since it is believed that this population, disappear

ed aboirt' A.D. 11+50, and one of -the individuals having con

genital absence of second premolars was about 45 years old, 

it is hypothesized that this interbreeding with individuals 

from outside the population must have occurred prior to A.D. 

I4O5, or even earlier if the trait were -recessive,•and after 

A.D. 1265. Thi.s hypothesis is considerably strengthened by 

the archaeological evidence that indicates an Emigration 

occurred about.A.D. 1285• 

While the archaeologist often depends upon the artifacts 

of man to'tell him the sequence of populations and suggest 

migrations or trade relationships, the advantage of working 

with specific characters of genetic causation in the indi

viduals thenselves is self-evident. Intrusive pottery sherds 

do not prove that inter-breeding occurred between members of 

one population and another, although they may indicate • 

economic relationshipsv But specific characters of the 

dentition which have a geneoic basis can provide evidence 

that such contacts -were .of .a more basic nature. 

Several other genetically based features of the 

dentition tend to support the belief that new peoples came 

into the Point of Pines.area in post-Tularosa times who were 
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from an entirely different group. For one thing, the 

frequency of double shovel-sh'aped .incisors is only 6.0% in 

the early Tularosa people, while it is four times this 

{23.5%) in post-Tularosa people. Instances In which the 

Tularosa sample is large enough to give sone • comparison (at 

least 8 individuals), indicate that the average mesiodistal 

diameter .in the upper second left molar is smaller among 

the early people by 0.6 millimeters, and that the mean 

buccolingual diameter of the lower right third molar is 0.5 

mm smaller among -then as well. Also, while the Tularosa 

people follow the trend'observed in most other populations 

studied for an increase in the 4 cusped occlusal pattern 

•from first to third rnol'ar (5 *8/0, 31*2'/&, 50.0fo), the later 

people show a greater incidence'of 4 cusps in the second than 

in the third lower molar. 

• Probably•the most important feature found in both 

Early and.Late Point' of Pines Indian teeth, and one which 

may differentiate them from other populations in frequency 

of occurrence, is a characteristic mesial lateral ridging- on 

the' labial surface of'incisor teeth, -particularly on the 

upper centrals. This has been termed "three-quarter double 

shovel-shape", a ponderous- term, but one which appears to be 

most, descriptive and fits in best with curr-ent incisor 

Characters of shovel-shape and double shovel-shape. 

The holotype is from a 22 year old'male from Arizona . 

W:10:50, #115 (Burial 0-625).. It is as distinctive. a -feature 
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in this population as the shovel-shaping of the lingual 

surface, although apparently not as marked. Since thi's 

condition has not been found on the-distal lateral labial 

border it is believed to be due to separate genie action, 

and not an expression of. the double shovel-'shape. If due to 

incomplete expression for example, of the gene or genes • 

responsible for double shovel-shape, variations of the ridg

ing might be expected.. However, it is always expressed by-

ridging of the 'mesial border only, and thus must be the re

sult of specific gene action. . 

Although this feature has not been previously described, 

the author believes that it will be found in other Indian • 

populations. As noted in Chapter V (C) 'teeth illustrated in 

several studies.clearly show this feature although it was 'not 

identified. In addition it has been found on the central 

maxillary 'incisor of a conteaporary Southwestern Indian, by 

the author, in a collection of extracted teeth. Unfortun

ately the teeth in this collection were from several sources 

so. that the exact origin of this tooth is unknown, although 

it i-s probably either Fapago or San Carlos Apache. 

In summary, it appears certain that the odontological • 

remains of the Point of Fines Indians represent a population 

which is distinctly of Mongoloid derivation and genetically 

affiliated with other American Indian populations. However 

this population was genetically isolated for a sufficient • 

period of time to.develop certain distinctive.characteristics 
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of . its,' own. Into this population .there can be no doubt 

that another intruded, leading to-a shift in gene-frequencies 

during'later generations. The eventual fate of these people 

remains obscure, but.it is obvious that the modern Pima 

Indians, at least-, are not their'descendents. 



SUMMARY 

A study of specific morphological features of the 

dentition has been completed on 3019 permanent teeth and 658 

deciduous teeth from 350 prehistoric Indians from the Point 

of Pines area, Arizona. 

An attempt was made to l) define the odontologrcal" 

characteristics of'this population, ' 2) determine affinities 

with other populations, ' and 3) establish, on the basis of . 

incidence of these features, genetic relationships between 

two temporally separated peoples; the earlier Res'erve-Tula-

rosa Phase individuals of A.D. 1100-1250 (from Jewett -Gap 

(Gallo) Pueblo, Higgins Flat Pueblo, Turkey Creek Pueblo, 

Apache Creek Pueblo, and Arizona W:10:37)» and later post-

Tularosa people (from Point of Pines Kuin, Arizona W:10:51, 

Arizona W:lb:52) who inhabited the area from A.D. I25O-IZ4.5O 

chiefly during the Point of Pines'Phase. 

As a result the Point of Pines -Indian population can 

be odontologically characterized as having: 

1. shovel-shaped incisors. 

2- an extremely low incidence of Carabellifs Anomaly 
(0.8%, including both pits and cusps). 

. • 3* a low incidence (5.9%) of torus mandibularis. 

4. "a high incidence (75.6%) of 5 .cusped lower'third 
'molar teeth. 

268 • • • 
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5. a low incidence of Y5 occlusal cusp pattern 
(4$.7^) on the lower first molar tooth. 

6. a mean depth of the lingual sulcus (shovel-
shape) of 1.4 millimeters for the upper central 
incisors, 1.25 millimeters'for the upper laterals, 
0.6 mm for the lower centrals, and 0.7 mm for the 
lower lateral incisors'. 

7- a 'mean depth of the labial sulcus (double shovel-
shape) -of 0.3 mm, with a range .up to 0.8 mm. • • 

8. no statistically significant differences between 
• ' left and right corresponding teeth in regard to 

mean size. 

9. a higher mesiod-istal variability in 'the upper 
first molar than third molar. • . ' 

10. a higher buccolingual diameter variability in the • 
upper-first molar than second molar. 

11. a relatively high incidence of double shovel-shape 
trait (22.5$) of the incisor teeth. 

12. a low incidence of'caries (4»6jk), only 5 cases of 
tooth crowding, and 11 cases of tooth.impaction. • 

13• a 6.5% incidence of a previously unreported • 
character, the three-quarter double shovel-shape, 
or mesial lateral ridging of the labial .surface 
of'incisor teeth. 

14. some presence of supernumerary teeth in incisor, 
premolar, and molar groups. 

15. an extremely low incidence of congenital'absence 
(4.OS0 of 172 individuals) of the third molar. 

'16.- rapid.tooth wear, which although variable, was 
' most typically severe. '• 

They were found to differ in some traits from all o-ther 

prehistoric Indian populations with whom they were compared. 

They were also, found to be distinctive from modern Pima Indians 

in -regard to a lower incidence (48.7>) of the ancestral.Y5 
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pattern o'n the first lower molar, and .in that no protostylicl 

cusps were found on the lower first molar. it is hypothesized 

on this basis that the modern Pima' Indians are not descendents 

of the Point of Pines Indians. 

Statistically significant -differences were found be

tween the Tula'rosa people and post-Tularosa people, of the 

Point of Pines population in regard to six traits.' There was • 

more severe tooth wear in the earlier population: greater 

incidence of double shovel-shape in the Later population; as 

well as reduction of molar cusp pattern from in the • 

Earlier population, and- - M on the post-Tularosa 

people. No hypodontia of. the second premolar or of the 

incisors' occurred-in the Early people, and three specific 

tooth•dimensions differed. On the basis of two -traits 

apparent in post-Tularosa people but absent in the Early 

population (congenital absence of incisors, 'and premolars'), 

bc'th of which have been shown to be genetically based, it-

is- concluded that a third population came into the Point of 

P'ines area prior to A.D. 126$. 

This, study has resulted in'th.e discovery of a new 

morphological character, the three-quarter double shovel-

shape feature, found on the mesial-lateral border of the • • 

labial surface of incisor teeth in this population. 

Utilizing Coonfs (1954:31) definition of -a population 

as a "group of people, unified by interbreeding, and forming 
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a geographical and social unit" it is believed that evidence 

is presented that demonstrates the genetic continuity of the 

iSarly Reserve-Tularosa people with Later Pinedale-Point of 

Pines Phase people. Evidence has been presented that shows 

tha-t between A.'D. 1265-1405 admixture with new peoples had • 

occurred, on the basis of the appearance of new morphological 

features in Lhe dentition. 
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'Fie. J>0 The "Rnd. (Projectile point imbedded in the 6th thoracic 
verte'bra of a 26 year ol'd feniale from Arizona W:10r.78 (Turkey Greek 
P u e b l o ) ,  # 0 2 ' ! ; . )  •  . . .  



APPENDIX a 

INDEX OP INDIVIDUALS IN THE POINT OF PINES POPULATION 

™ Wo. Burial Ko(s). £££. £gSL Looation and Data Fh-rpvn-hqrf 

1# /^rizona WilOt78 (Turkey Creek Pueblo) 

001 1 
002 • 5 
003 6 
004 7 
005 9 
006 13 
007 14 
008 16 
009 17 
010 22. 
Oil 24 
012 37 
013 • 47 
014 50 
015 54 
016 57C 
017 59 
018 61 
019 62 
020 63 
021 67 
022 A unk 
023 B unk 
024 39 
025 57B 
026 57A 
027 21 
028 20 
029 23 
030 34 
031 53 
032 38 
033 35A 
034. 34B 
035 . 35B 
036 . 28 
037 .33 
038 32 
039 55 
o4o 40 
o4i '31 
042 29 
043 70 

Male 
Female 
Kale 
Female 
Female 
Female? 
Female 
Child 
Male 
Female 
Child 
Child 
Fetus 
Fetus 
Fetus 
unk 
Fetus 

Child 
Fetus 
Child 
Fetus 
Child • 
Female? 
Female 
Kale? 
Male 
Fema.le 
Male 
Child 
Male 
Male 
Female 
Female? 
ChildF? 
Female? 
Male?' 
Male 
Female 
Male? 
Male 
Male 
Child 
Fetus • 

Test trench 4 
Bl-Tl 
Cl-Tl 
Cl-Tl 
D2-T1 

4a 

*5+ 
^5-
45+ 

55; 
50- B1 Bdsd 1 
18 mo.(t 3 Kb.) B1 Bdsd 
28+ B2W-T1 
361 B1 Bdsd 1 

Bdsd 1 
Bdsd 1 

15 mpi 
1 (I 3+mo.) 

>8 
18/6/58 
19/6/58 
19/6/58 
19/6/58 

20/6/58 
1 21/6/58 
.23/6/58 
23/6/58 
23/6/58 
27/6/58 

birth "(J 2mo,j Rm 30 Pit floor 
i (- 3 rao.; Rm 53 

80 23/7, 
8 
58 

birth v- 3 rao 
8 mo. utero Rm. 

birth (±1 rao*) aa* H8 30/7/58 

' (i 2 mo.) Rm. 118 31/7/58 
31/7/58 
1/8/58 
30/7/58 

mo, 

20/6/58 

8 mo. utero Rm, 118 
1 (i 1 mo.) Rm. 129 

Rm* 118 
6 mo.) T1-D4 

A2-\! 
Bdsd 1 (killed by pxojeotile pt) 
Rm. 104 26/7/58 
Rm. 104 26/7/58 
D4-T1 23/6/58 

55 - B2W-T (arthritis) 23/6/58 
10}£ (- 6' mo".) Trr.ah mound 1 23/6/58 

23/6/58 

26t 
4ot? 
35-? 

B1 
Rm. 81 2i/7/58 
Bdsd 1 25/6/58 
Bdsd 1 27/6/58 

12 ( - 6 mo.). Bdsd 1- 3/7/58 
30? Bdsd 1 2/7/58 

Bdsd 1-B1 24/6/58 
Bdsd 1 26/6/58 
Bdsd 1-31 25/6/58 
Rm. 9^ 24/7/58 
Bdsd 1 • 29/6/58 

•unk (adult) Bdsd 1-B1 23/6/58 
4 (- 6 mo. ) Dl-Tl 27/7/58 
birth Plaza 2 8/7/58 

22 + 
30 -
45 f 
50.1 

45 t 
45 i 
35 
50 + 
35 
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BuTia^No^s^.* l££a^£2^B£JidbJ)ate_£?xcavat£d> 

044 52 Fettis 
045 5 6 • Child 
046 . 41 Child 
047 .45 Child 
048 19 Child 
049 43 Male 
050- 44 Male 
051 4 Female 
052 8 Male? • 
053 10 Female 
054 11 Female 
055 12 unk 
056 15 Child• 
057 17B Fetus 
058 18 Child 
059 36 Female 
060 68 Fetus 
061 6 8A Fetus 
062 27 Female 
063 30. Female 
064 25 Child 
065 U6 Child 
066 48 Fetus 
O67 ' . 4-9 Fetus 
068 51 Fetus' 
O69. 58 ' Fetus 

070 • 60 Fetus 

071 64 Fetus 
072 />5 Fetus 

073 66 Fetus 

[iggina Flat Pueblo 

074 8 unk 
076 CJTHM 42653 •unk 

077 CTTITM 42656 ' Male? 
078 CIIEM 426'60 Male 

079 .CIIHM 42662 Male? 

.pache Creek Pueblo . 

075 CNHM 42661 Child 

Birth(-2 mo.) Rm. 88 
9 mo.+(- 2 mo.) Rm. 94 • 

- 6 mo.) Bdsd 1 
- 6.mo,.) Bdsd 1 
j- 6 mo.) Bdsd 1-B1 

B2-Woat 

Tl-Bl adult-JO? 
adult-30? 
adult-30? 

Bdsd 1 
unk (adult-JO.?) 
unk • 
unk' • T1-B2W 
unk D4-T2 
unk (adult-JO?) 
birth Rm 143 

• Rm 143 
Bdsd 1 
Bdsd 1-B1 
Bdsd 1 
Rm 6 
Rm 30 pit/floor 
Rm 5Q 

D2-T1 

D4-T1 

Bdsd 1 

birth 

55 
35 
unk 
unk 
unk 
unk 
unk 
unk 
link 
unk 
unk 
unk 

Rm 123 
Rm 118 

Rm 129 
Rm 129 

18/7/58 
2V7/58 
28/6/58 
1/7/58 

22/6/58 
30/6/58 
29/6/58 

19/6/58 

20/6/58 
20/6/50 
21/6/58 
21/6/58 
27/6/58 

*3/6/58 
25/6/58 
23/6/58 

8/7/58 
12/7/58 
16/7/58 
28/7/58 
31/7/58 
1/8/58 
1/8/58 
L/F/58 

unk (adult-35?) ̂  A 5\7 corner floor 
18 (- 1 year) Burial H-1 Rm H Floor 3 
35? • 
35 
35? 

8 (i 9 mo,). . 

Jewett Gap (Gallo) Pueblo (!few Mexico F:l4:l/2) 

080 0-256, JG 48-11 Male? 21 
081 0-257, JG 48-24.Female 21 
Q82 0-259, JG 48-25 Male . 40i-
083 • 0-260, JG 48-22 Male? 45 
084 0-262, JG 48-44 Male? 55? 
085 0-263, JG 48-32 Female? 50+ 
096 0-264, JG 48-2 ' Child 4- (I 

.087 • 0-265, JG 48-3 Male 25 • 

M-5 
1-1 • 
L-04 (seed with burial.) 

K-7 
1-9 
J-04 
9 nid.) 
K-2 • 
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IBM No. Burial No(s). 

088 0-266, JG 46-5 
089 0-267, JG 48-6 
090 0-268, ? 
091. ' 0-269, JCr 48-18 
092 w/O-269 ? 

Arizona WilOi37 • 

Sex Location and Date Excavated 

Female 
Male? 
Female 
Female 
Female? 

30 
17 + 
30 + 
18? 
21? 

M-2 
N-2 
M-l 
L-6 

093 14 Female 30 
094 . • 16 Male? 30 
095 17 Female •42 . 
096 18 Child 
097 15 Male ? 30 + 
098 1 Male 35 

6 mo.) 

Point of Pines (Arizona Wtl0:50). 

099 
100 
101 
•102 

103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
lib 

115 
116 
U7 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
17-1 
.132 
133 

44, 0-682? Child 
35A, 0-696 .Child 

0-650 Female' 
36, O-65I,Box 271 Female 
41A, 0-652,Box 271 unk 
4lB, O-653 Female 
31, 0-645 Female 
unk Child 

0-655? Female 
50, 0-668A Male? 
37, 0-654, Box 710 Female 
0-654 Female 
O-655 Female 
40, 0-656?, Box 273 Fecial 
42, 0-657» Box 274 unk 
43?, 0-658 Female 
45A, 0-659,Box 276 Male 

Femle. 
Child• 
•unk 
Male? 
Child . 
Male ' 

. Female? 
Male 
Male 

0-660 
1*6, 0-66 2 
60?, 0-663 
48, o.,«7 ' 
73?,0-673 
0-676? 
0-687 
53, 0-688 
53?, 0-691? 
65?; 0-699, Box 290 Male? 
23, 0-719, O-636, Box 262 

Male • 
0-658? Female-

Female 
Male 
Female 
Female 
Female • 

0-725 
43, 0-???, 
45B, 0-659 
0-646 
48?. 0-667 
0-642 • 
44, 0-664 

unk Bdsd 2 11/8/48 
unk Bdsd 3 ' 1-9/8/48 
60? 
unk (adult) 
unk (Catalogued as 2 adult,1 child?) 
55? 
unk (adult-30?) 
unk 
40 + 
20 (i 1 year) 
40-
4o+ 
18 (- 1 year) 
e? 40 +? 
unk (Catalogued as Female & 2 infants?) 
50+- + 
22 (- 1 year) 
50 
7 (- 9 mo.) 
unk 7/6/49 
60? 
unk /49 
50 
30+? 
40 ' Bdsd 2 . 24/6/49 
16-17 

60? 
Fetus unk Rro 13. j/s/kQ-

60? • ' . 

50+ • 
60? 
22. (i 1 year} 
20 1 year 
21 (- 1 year) 
1*0 
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IBM No. Burial No (a1). Sax T.nna-Hnn nnrl Dn.t.ft Erwiimt,ftd 

154 None Child unk 
135 None Child unk Rm. 8 Pithouse 4 . 15/7/48 
136 None Child unk Bdsd 2 5/Q/^8 
137 None Child unk Bdsd 2 29/7/48 
138 None Child unk Bdsd 2 K-8N Test 1 30/7/48 
139 None Child- .unk Bdsd 2- 11/8/48 
140 None Child? unk (cremated) pithouse 1 2^6/46 (?) 
141 None Child unk Bdsd 2 6/8/kQ 
142 0-626 Female 50 
143 7, 0-627 Female 19. 
144 • 8, 0-628, 

0-721,Box 258 Female 40+ 
145 0-630 Male 35+ 
146 14, 0-631 Female? 60? 
147 18, 0-633 Child 5 (- 1 year) 
1,48 ' 20, 0-634, 

Box 26l unk unk (Catalogued as Female'adult) 
149 21, 0-647, 

0-635 ^'emale 22 (W»10*58?) • 
150 .26, Box 263, 

• O-639 Child unk K-7 pit 3 Bdsd 2 26/7/48 
151 34, 0-640 Male 30+ 
152 0-648 Chil^ 8 (i 6 mo.) 
153 35* 0-6M-9 Male 60? 
154 53, O-678 Female 25+ Bdsd 2 /49 
155 1, 0-670 Female 30' 
156 70?, 0-671 Male 28 Bdsd 2 
157 ' 1?, 0-690 Male ' 60? 
150 25, 0-638, 

Box 263 Fetus unk -L-N4 Te3t 1 23/7/48 
159 unk Fetus unk 
162 28, 0-641? Fetus unk Bdsd 2 
170 • 63, 0-690? • Fetus birth (tf»10s51?) 
171 60. 0-697? Child ^ ( - J mo.) Bdrd'2 " o/7/4fl' 
172 w/46 Chil^. unk Bdsd 2 ("bones in bowl) 0/7/48. 
173 46 Child unk (Catalogued as Male, 7) 
174 47,0-256, . 

O-695, O-663 Child 2 U 6 mo.) 
175 '51 Child 1 (- 3 mo.) Bdsd 2 .17/9/48 
176- 54, 0-679 Fetus- birth • 21/6/49 
177 .. 57 -Child -6 mo, (t 3 mo.) Bdr-d.2 -24/6/49 
178 •••58 Child 2 (i 6 mo.) Bdsd 2 ' 27/6/4Q 
179 49; 0-601? Fetus birth Bdsd 2 13/0/48 
100 69 Fetup birth Bdsd 2 25/7/49. 
181 None Fetus unk 
182 73' fetun birth 
183 . 76? unk 45+. /50 
184 ' 77 Male 30+ • /50 • 
185 -78 Child unk Bdsd 2 
186 . 79? Female? unk 
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EBM^No^ Se^ 

187 81 * Female 28 • /5<"> 
188 . 83 Female 30 
189 04* • Male 35+ $dsd 2  . '  /50 
190 W/84 Child 15 mo.- (- 3 no.) Bdsd 2 /48 
191 85? Male? 40+ 
192 . 87 Male? 25+ Bdsd 2 8/7/50 
193 98 Male 22 Bdsd 3 
19^ 89 _ . Female? 30+? Bdsd 2 I2/7/5O 
195 89? Ferale 19 (- '1 year) Bdsd 2 /50 
196 . 90 Child 6 (- 9 rao.) 12/7/50 
197 92 Fetus 2-4 mo. in utero Bdsd 2 
198 93 Female 50+ Bdnd 2 
199 9^ Female? 23 
200 100 " Male 30+ Bdsd 2 26/6/51 
201 100? Female 21 (-2 years) ' Bdsd 2 /57(?) 
202 99 Female? unk (adult-25+?) /51 
203 .. 103 Mile 27 Bdsd 2 
-.204 104 Male 40" /51 
205 112 Male 22(1 2 years) Bdsd 2 /51 
206 113 Male 35+ Bdsd 2 /51 
207 115- Male 25? . 
208 .116 Female 20? Bdsd 2 . /51 
209. 117 Fetus "birth • 
210 118 Unk unk (adult) Bdsd 2 20/7/51 
211 121. Female 47 Bdsd 2 20/7/51 . 
212 124 Male; 45+ • 
213 • 126 Fenyile 18 (i 2 years) Bdsd 2 ' 7/51 
214• 126? Female link (adult) Bdsd 2 23/7/51 
215 128 Female? 12 (I 6 rao.) Bdsd 2 24/7/51 
216 131 Female .45+ . Bdsd 2 • /5I 
217 153 Child 4 4*9 mo.)' Rm 59? 3/8/51 
218 None Female unk Bdsd 2 ' /5I 

.219 135 Male? 22? XT-2 Test 1 
220 144 • Female 30+ T-2 Test 6 /52 
221. 148 •. Female 35+ . Bdsd 2 
222 . 152 • female 20 (1 2 years) Bdsd 4 2/7/52 

- 223 160 unk ttnk Bdsd 4 
224 166 Male 28 Bdsd 4 
225 167 unk unk (Catalogued ag Female 35 ) 
226- 170 .unk unk ^Catalogued as'Female 50) 
227 171 unk unk (Catalogued as Male 18-20^ 
228 174 • Female? 18 (t 1 year). Bdsd 4 
229 175 • Female 15 (I 6 mo.) Bdsd 4 • fo2 
230 181 Fetus unk' Bdsd 4 A2 
231 185 Female? 45+' Bdsd 4 /52 
232 187 Female 21 Bdsd 4 1^2 
233 • 190 Female 23 Bdsd 4 /52 
234 . 197 Child 2 (1 6 mo.) Bdnd 4 
235 203 Male? 25+ Bdsd 4 /52 
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IBM No. 

236 
077 

2 
239 
240 
241 
242 
2 l>$ 
244' 
2^ 
24 f 
2hl 
2/f8 
2h<) 
250 
251' 
252 
255 
254 
255' 
255 
257' 
258 
259 
260 
261 
262 
263 
264 •• 
265 
266-
267 
268 . 
269 
270 
271 
272 
'273 . 
274 
275 
276 
277 
278 
279 • 
280 
281 
282 • 

283 
284 
285 ' 
286 

Biirjp.L !TQ(S)« 
204 
212 
214 
216 
217 
220 
?21 
222 
??)'• 

225 
2^5 
229 
230 
231 
23?A 
233B 
233C . 
234 
2'35 
236 
237 

239' 
240 
241 
242 
unk 
urik 
244 
245 
unk 
246 ; 
247 
248 . 
249 
250. 
251. 
252 
253 
254 
255 
256. 
0-255A? 
O-255B? 
0-255C? 
257 
259 • 
258 
260' 
261 
262 

•Jex 

Female 
•"errle? 
unk 
^etuf? 
*'etun 
f*etu" 
A'etus 
e et u" 
Male? 
unk 
Fetus 
^etus 
MpIO 
Child 
Femr.le? 
Kale 
Child 
ITale? 
Male 
Female 
lretu3 
Fetus 
Male 
Fetus • 
Fetus 
Female? 
Female? 
unk ' 
Fetus 
Male? 
unk 
Male? 
Female ' 
Mile? 
Male 
Femr.le 
Female 
Male 
Female 
Male? 
Female 
Female? 
Child 
Child ' 
Child 
Female 
Male 
Female? 
Female 
Male 
Child 

Lnnation and Date Excavated 

T* 

23 (plus 1 fetus) 
24 Bdsd 2 
29 
unk 
unk 
unk 
unk . 
birth 
20 
?1. -
birth 
birth 
25 

1{I71 6® 
Hn ^9 
Bdsd 4 
Bd"d 4 
Bdsd 4 

/53 

'P 
/ 5 3  

!P 

/53 

Bdscl 4 
Bdsd 4 
Bdsd k 

2Jj 6 .mo.) 

25 (- re~rs) 
30 
3(£ 6 no.) 

40+ Bdsd 2 
24+ Bdsd 2 
35 +? Bdsd 
birth 
birth 

55 
birth 
birth 
40+ 
40+ Bdsd 2-
unk (adult) 
unk Bdsd 4 
30?- Bdsd 5 
unk (adult) 
35 Bd3d 5 
15 (i 6 no.) 
25 
unk (adult) 
unk (adult) 

Bdsd '1 

Bdsd 4 
k 

19/6M 
15/7/^4 
. ' /56 (?) 
20/7/̂  

.Rm 72V/ 
Bdsd"4 
Rm 78 

Bdsd 2 

Bdsd 5 

Bdsd 5 

Bdsd 5 

40+ 
22+ 
40+ 

35 
35+ 

Bdsd 5 

.Bdsd 5' 
Bdsd 5 
Bdsd 5 

50+ Bdsd 5 
6 1? • 
6+t? 
.61? 
unk (adult) 
25+ Bdsd 5 

Bdsd 5 

28 + 
24 
45 

Bdsd 5 

/54 
/55 

ft 
/55 

15/7/54 
11/7/54 

/% 
/56 

/56 
/56 

/56 

/56 
•/56 
/56 

Bdsd 
Bdsd 

4 (1 9 mo.)' Test 3 

/56 

/56 
• /56 
/57 
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IBM No. Burial No. Sex Age_ 

287 263 Female 19 (± 
288 264 Male 45 + 
289 265 Female 25 
290 266 • Femnle? 4O+? 
291 267 Male unk (1 
292 w/267 Child unk 
293 268 •unk unk . 
294 269 Child 

4 £ 295 270 Child 3 (I 
296 271 Child unk 
297 unk unk unk-
298 273 Fetus "birth 
299 274 ^etus 7- mo. 
300 0-619 Female 21 7 
301 O-669 Female 18 £ 
302 unk, Box 245 unk 27 I 
303 unk Fetus unk 
304 unk Fetus unk 
305 1 Child 10 (T 
306. 2 unk 20+ 
307 3 unk 20+ 

Location and 

Arizona-W:10:51 

308 0-620, 5- Child 

309 6, 0-621 Female 

310 7, 0-622 Female 

311 8, 0-623 Male 

312 10, 0-624 Female 

31? 11, 0-625 Male 

9 mo.) 
Bdsd 5 
Bdsd 5 
Bdsd 5 

Bdsd 5 

Bdsd 5 
Bdsd 5 
Bdsd 2 
9 mo, 
6 mo, 

Bdsd 
trench 

I C. 

>•) 
Bdsd 
Bdsd 
2 
1 

Rm 10J level 3 
in utero Rm 109 
1 year) 
9 mo •) 
Bdsd 5 
Bdsd 2 
Bdsd 2 
2 years') 
Rm 98 
Rm 98 

6 (2 9 mo.) 
60+ Pithouse 13 

22 
+ 

21 (- 9 mo.) 
22+ 
30+ 

Date Excavated 

•/57 
/57 
/57 
/57 
/57 

••  / 5 7  

' 7/5/7 
17/7/57 
23/7/57 
27/7/97 

7/57 

. "̂ 5S 
IT 4 22/7/58 

/5« 
• /50 

17/7/58 

& 

• 7A7 

'.Arizona- V/:10:52 

160 26 ' Male 

161 • 27 Child 

163 28 Male 

164 29B Fetus 

165 29A Female 

166 .30 Male 

167 31 Female 

168 32 Femnle 

169 36 Mp.le 

314 3 Child 

315 4 " Child 

316 5 • unk 

317 6A Male 

318 6B Fetur 

319 6B(#S ba.tf) Child 

320 7 M^le 

321 8 Female 

322 9 Child 

32? • io' Female 

25+? Bdsd 1 
4 (1 9 mo.) Bdsd 1 
23+? Bdsd 1 
unk Tent 1K-6N 
28 (plus 1 inf-int) 
23-
40+ Bdsd 1 
unk (adult-40?) Bd 

Bdsd 

d 4 
25+ Bdsd 1 
10 9 mo.) Bdsd 3 
9 (i 2 yr) Bdnd 1 
30+. Bdsd 1. • 
28+ Bdsd 1 
link Bdsd'' 1 
3 (-6 mo.) 

35 Bdsd 1 
12+ Bdsd 1 
2 (- 6 mo;) Bd3d-1 

18 (- 2 years) Bdnd 1 

/51 

'/51 

1 , A1 

V7/51 
' V7/51 

1V7/59 
22/6/51 

/51 
/51 

451 
/51. 

/51 

7/51 /5l 
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IBM No. Burial No(s). Sex Age Location and Date'Excavated 

32^ 11 Hale 18( - 1 year) Bdsd 1 
/51 325 12 Male 23 /51 

326 13 ' unk • unk Bdsd 1 /5i 
/51 327 13? Female? k0+ Bdsd 1 
/5i 
/51 

328 14 Male 35+ /51 
329 15 • unk 40 Bdsd 1 7/7/51 
330 16 Female unk Bdsd 1 /51 

331 17 Hale 35 ,+ /pi 
332 18 Penale? 23 (- 2 years) Bdsd 1 751 
333 18 Female 0̂+ Bd3d 1 . 10/7/51 
.33̂  20 Female 25 Bdsd 1 /51 

335 21 Male 40+ Bdsd 1 /51 

336 . 22 Female? 25 4*2 years) Bdsd" 1 /5l 
337 '23 • Child 5 (- 9 nio.) Bd3d 1 

fa 
338 2h Penile ^5 Bdsd 1 /5l 
339 1 Child 5 ? 

21 (- 2 years) 

/5l 

Jbo • 2 Female? 
5 ? 
21 (- 2 years) 

3'H 3. Male 4o + 
3'i 2 k .unk unk .• 

3^3 1 Child 9 (- 6 mo.) Arizona y»10:4-7'? 
3*14 • 15 Child . unk Rm sub floor 1 U:10:56? 
3̂ 5 • 15? Child unk Rm subfloor 1 W:10:56? 
3^ 5 unk unk trench 2 

3̂ 7 2 Female? ' unit (adult) Arizona »:10:^7? 6/51 
348 21, 0-635 unk . . 30+ Rm 12 Arizona V.r:10:53? 

6/51 

3̂ 9 1? . unk unk 
350 1? unk . 35+ ' 



APPENDIX B 

EXPLANATION OF EACH SYMBOL OIT IBM CODE CARDS ' 

Green (Point of Pine3 Ruin: Arizona V,r:10»50) • 
Red (Turkey Creek Pueblo: Arizona V:10t78) 
Yellow (Arizona Vtl0:5l) 
Blue (Jewott Gap Pueblo: New Mexico F:l4:l) . 
Brown (Apache Creek & Higgins Plat) 
Orange (Arizona W:10:37) 
White (Arizona W:10:52j Arizona V/: 101471'Arizona 

W:10:48) 

Card # 1 

' Columns Code 
1, 2, 3, 4 Identification number of individual (first 3 cards 

give code number, fourth card gives card number) 
5» 6 Site (Broadside) 

(5) • 0 * unknown,.1 • Arizona Wil0i50, 2 • Arizona 
V/:10»51| 3 • Arizona W:10:52, 4 • Turkey Creek, 
5 • Jewett Gap,. 6 - H iggine Flat,' 7 • Apache 
Creek, 8 • Arizona V:10»37» 9 " Arizona VTLOIVF, 
Arizona W:10I48, Arizona W:10:56. 

(6) • 0 • unknown, 1 - broadside 1, 2 - broadside 2, 
3 • broadside 3» 4 * broadside 4, 5 • broadside 
5, 6 • elsewhere. 

7i 8 Age £00 - Pettis, 99 • unknown) 
.9 Sex (0 • unknown, 1 « Kale, 2 - Female) 

10, 11 Total number of permanent teeth.available 
12, 13 Total number of deciduous teeth available 

14 Skull complete (0 » No, 1 - ̂ es) 
15, 16, 17 ' Permanent Upper Right Second Premolar (5) length 
•18, 19» 20 Permanent upper right second premolar (5) width 

21 Wear ( Degree of wear according to Broca: 1 «(0) no 
wear, 2 • (l) slight wear, 3 " (2) cusps worn,. 
4 - cusps completely worn, 5 • (4) crown worn, 
8 - edentulous, 9 " missing) 

22 Anomalie ( 0 • none, 1 • twinning, 2 • congenital 
absence, 9 • missing) 

23", 24, 25 Permnnent upper right first premolar (4) length 
26, 27, 28 Permanent upper right first premolar (4) width 

29 Wear 
30 Anomalie 
31 Permanent upper right canine (3) wear pattern 

32, 33* 34 Permanent upper right lateral incisor *2} width 
351 36 Permanent upper right laterla incicor (?.) lingual depth 

37 . Wear 
38 Anomalie (incisor anomalies: 1 • shovol-shcpe, 2 " double 

shovel-shape, 3 • three-quarter double 'shovel 
shape, 1+ = Cental tubercle, 5 = .peg or barrel 

Card color code: 

Master Key: 
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shape, 6 - t'-rinning, 7 3 congenital abcen.oe, 
8 • edentulous, 9 = missing) 

40, 4l, 'i2 Permanent Upper right central incisor (l^ width(K-D) 
^3> 44 Pem-rent upper right oentr<nl inci~?r (l) depth(linger. 1) 

45 Wear-
4£' Anomalie 
^7 Depth of labial "ulou"- (doublo shovol-sh^pe) 

'a9» 50 Permanent urper left central incisor (l^ width-(K-D) 
51, 52 permanent upper left central incisor (l) depth (lingual) 

53 '-'ear 
54 Anomlie 
55 Depth of labial sulcus 

56, '57» 58 Permanent upper left lateral incisor (2^ width (?*-D) 
5?, 60 ^errhrnent upper left lnterft.1 inci"or (2) depth (lingual) 

6-1 V/ear 
6 2 • Anomnlie 
.63 Labial sulcus depth 
6 b ' Permanent upper left canine (3) wear 

65, 66, 67 . Permanent upper left first premolar (4} lehgth (H-D) 
68, 69, 70 Permanent urmer left first premolar (4; width (B-L) 

71 Wear 
72 Anomalie 

73t 74, 75 Permanent upper left second premolar (5) length (M-D) 
76, 77t 78 Permanent upper left second premolar (5) width (B-L) 

79 V/ear 
80 . Anomalie 

Card # 2 ' . 

If 2, J, 4 Individual's identification number 
5, 6, 7- Permanent lower right second premolar £5) length (M-D) 

8, 9# 10 Permanent lower right second premolar (5) width (B-L) 
11 Wear 
12 Anomalie 

131 14, 15 Permanent, lower right first premolar (M length (Mi.D) 
16, 17, 18 Permanent.lower right first premolar (4) width (B-L) 

19 Wear 
20 Somali e 
21 • Permanent lower right canine (3) wear 

22, 23, 24 . Permanent lower right lateral incisor (2} width (M-D)' 
25, 26 Permanent lower right lateral incisor (2) depth (lingual) 

27 Wear 
28 Anomalie 
29 Depth of labial sulcus 

30, 31» 32 Permanent lower right oentral incisor (lj width (M-D) 
33» 34 Permanent lower right central incisor (l) depth (lingual) 

35 Wear 
36 Anomalie 
37 Depth of lnbipl- sulcus 

38, 39» ^0 Permanent lower left central incisor (l^ width (M-D") 
41, 42 Permanent lower left central incnior (l; depth (lingual) 

43 . V/ear 
44 Anomalie 
45 Depth of labial sulcus 
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46, 47, 48 Permanent lower left lateral inoi3or (2) width (M-D) 
49, 50 Permanent lower left laterla incisor (2) depth (lingual) 

51 Wear 
52 Anomalie 
53 Depth of labial sulcus 
54 Permanent lower loft Canine (3) Wear 

55, 5^» 57 Permanent lower left first premolar (M length (M-D) 
58, 59» 60 Permanent lower left first premolar. (4) width (B-L) 

61 Wear 
62 Anomalie 

631 64, 65 Permanent lower left second premolar (5) length (M-D) 
66, 67, 68 Permanent lower left second premolar (5) width (B-L) 

69 Wear 
70 Anomalie 

71, 72, 73 Deciduous lower left second molar (5) length (M-D) 
74, 75, 76 Deciduous- lower left second molar (5) width (B-L) 

77 Cusp pattern 
78 Wear 
79 Anomalie 
80 Torus mandibularis (0 » none, 1 * present, 2 • unknown)'-

Card # 3 

1, 2, 3> 4. Individual identificrtion 
5, 6, 7 Permanent upper right third molar (8) width (B-I) 
Q, 91 10 Permanent upper right third -molar (8) length (M-D) 

11 Cusp pattern( Coded: 0 • too irorn to tell, 1 « 3 pattern, 
2 • 3 + pattern, 5 • 4 - pattern, 4-4 
pattern, 5 • additional cusps,-pattern unknown 
6 • 2 + pattern, 8 » resorted, 9 • missing) 

12 '•'ear 
13 Anomalie 

14, 15, 16 Pemanent upper right' second molar (7) width (B-L) 
17i 18, 19 Permanent upper right second molar (7) length (K-D) 

•20 Cxisp pattern -. • 
21 Wear! 
22 Anomalie 

23j 24, 25 Permanent upper right firnt molar (6) width (B-L) 
26, 27, 28 Permanent upper fight first molar (6) length (M-D) . 

29 Cunp pattern 
30 './ear • . 
31 Anomalie 

32, 33» 34 Permanent upper left first molar ( 6 )  width- (3-1) 
35# 36, 37 ' Permanent upper left firnt molar (6) length (M-d) .. 

38 Cu3p pattern -
39 Wear 
40 Anomalie 

4l, 42, 43 Permanent upper left 3eoond molar £7) width (B-L)' 
44, 45 , 46 Permanent upper left neconcl molar ("7; length (M-D) 

47 ' Cusp pattern ' • 
48 Wear 
49 Anomalie 

50, '51» 52 Permanent upper left third molar (8) width (B-L) 



' • 2$4 

53, 54, 55 Permanent upper left third molar (8) Itoi&th (M-D) 
56 Cusp" pattern 
57 -'/ear 
58 Anomalie 

59, 60, 61 Permanent iower Right third molar (8^ width (B-L) 
62, 63, 64 Fernanent lover right third molar (8; length (-M-D) 

65 Cusp pattern ( Lower ousp pattern codes are: 0 • too worn 
. to tell, 1 « +4 pattern, 2 » Y4 pattern, 3 •» 
+5 pattern, 4 - Y5 pattern, 5 * additional 
cur.ps, pattern unknown, 0 = renorbed, 9 • 
missing; 

66 V/enr 
67 Anomalie 

69, 70 Permanent lower right second molar (7) width (B-L) 
71, '72, 73 permanent lower right second molar (7; length (K-D) . 

74 Cusp pattern 
75 Wear 
7.6 Anomalie 

77- 80 Blanlc spaces 

Card it 4 

1, 2, '3, 4 Individual* s identification n'.iniber 
5, 6, 7 Permanent lower right first molar ( 6 )  width (B-L) 
8f 9, 10 remanent lower right, first molar. ( 6 )  length (H-D) 

11 Cu3p pattern 
1? Wear 
13 Anomalie 

14, 15, 16 Permanent lover left firnt molar (6^1 width (B-7.) 
17, 18, T9 ' Permanent lower left first molar (6) lehgth (M-D) 

,20 Cusp pattern 
21 Uear 
22 Anomalie 

2.3, .24, 25 Permanent lower left second molar (7) width (B-L) 
26, 27, 28 Permanent lower left second molar (7) length (M-D) 

29.' Cunp pattern 
•30 Wear-
31 Anoranlie 

32, 33, 3^ 'remanent lower left 'third molar (8l width ("R-L) 
35, 3^i 37 ""ermme.-.t lower left, third molar (8) length (K-D) 

• 38 Cusp pattern . 
39 '-vear 
40 .Anon-lie 

4l", 42,' 43 Deciduous right upper second molar (5) length (PUD) 
.h$t Deciduous "right upper second molnr (5) width (B-T,) 

47 Ou^p' pattern • • 
4.8 ' Wenr 
49 Anomnlie ' . 

5n, 552 Heciduous right upper first molar (4^ length (M-D) 
5% *54, 55 Deciduous right, upper firr.t molar (/») width (-B-L) 

56 . './ear 
57 . Deciduous right upper canine (3) wear' 
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J}9, 59, 60 Deciduous Ti^ht \Vor LR VT-"1"1 inciscr (2^ vi 1th ("M-D) 
61, 62 ^e^iduo11" T2 ght up- er 1 ̂ t ? r?-l ir.c;ior (?; ioptV. (l ) 

• 6? './ear 
6'f Anorv- lie 

^5, r<:-t -7 Deciduous PJLght u; per centr-'.l inci or (l^ width (T'-D) 
68, 6° r*eci-'V.ious right up;or c-r^r^.l i*ici"or (l) depth (lir.~^!0 

70 '.'ear 
71 Anonr-lie 

7?, 731 7'f Deciduous lover left lateral ir.ciror width (*'-D) 
75, 7^ Deciduous lover left latere-1 incirsor (2*) derth (lingual) • 

77 ''ear 
78 Anomflie' 

79, 30 Blank spaces 

1, 2, J, 4 Individual'8'identification number 
5, 6, 7 Deciduous upper left central incisor (l^ width (M-D) 

9, 9 Deciduous upper left central incsior (-1; depth (lingual") 
10 '/ear • 
11 Anomalie 

12, 13, lk "Deciduous upper left lateral incisor (2Y width (M-D) 
15, 16 • Deciduous upper left lateral incsior (2) depth (lingual) 

17 Wear 
18 Anomalie 
19 Deciduous upper left Canine (3) Wear 

20, 21. 2'2 Deciduous upper left first molar (k) length (M-D) 
23, 2 k t  25 Deciduous upper left first molar (*f) width (B-L) 

26 Wear 
27, 28, -29 Deciduous upper left second molar (5) length (M-D) 
30, 31, 3? Deciduous upper left second molar (5) width (B-L) 

33 Cusp pattern 
3'+ Wear 
35 Anomalie 

36,'37, 3P ' Deciduous lower right, second molar (5^ length (M-D) 
39, ^0, 'H Deciduous lower right second molar (5).width (B-L) 

b2 Cusp pattern 
^3 Wear 
44 Anomalie 

^5, 46, 47 Deciduous lower right firrt molar (4) length (TI-D) 
^6, ^9, 50 Deciduous lower right first molar (4; width (B-L) 

51 Wear 
52 Deciduous lower right canine (3) wear 

53, 5^, 55 Deciduous iower right lateral incisor (2Vwidth (M-d) ' 
56, 57 Deciduous lower right lateral incisor (2) depth (lingual) 

58 Wear 
59 Anomalie 

.60, 61, 62 Deciduous lover right centrol incisor (l^ width (M-D) 
•63, 64 Deciduous lower right central incisor (l J depth (lingual) 

65 Wear 
66 \nomalie 

67, 68, 69 ' Deciduous lower left oentrol incisor (l^ width (M-D) 
70, 71 Deoiduous lower left centrr.l incsior (l) depth (lingual) 
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72 ^ocidviotu: lover left 
7 J. .••.nrrnr.lie 
"lb r>ecid\ious lover left 

76,77 Deciduous lower left 
78, 79 Deciduous lover left 

80 './oar 

cer.trr.l incisor (l) V/ear 

c~nine (j) "ear 
fir^t molar lenrrth (TVD) 
first nolnr {h; width (B-T-) 

* "ote that Width refe-rs to the Puc^olinf^ual di^netnr 
when refering to the premolar or no] nr teeth (B-I>)» but ir. 
the cT.se of the incicor teeth width refers to* the Keniodi^tr.l 
(M-D) diameter. 



APPENDIX C 

ME5I0DISTAL CROV/N DIAMETER OP POIHT OF PITIES PERMATriHT DEITTITION 

Tooth Mean 

Premolars t 

Upper right Ht, 6#9 
Upper left 6.8 

Upper right 7,1 
Upper left 7.2 

Lower right H4_ 7.0 
Lower left J.l 

Lower right IPL 6.8 
Lower left 6,8 

Incisors i 

Upper Right I2 7*2 
Upper left I2 7*^ 

Upper right 1^ 8.6 
Upper left 8.4 

Lower right I2 6.4 
Lower left To 6.3 

Lower right I]_- 5*6 
Lover left I]_ 5*6 

Utnser Molars: 

Upper right MT 9*6 
Upper left Mj • 9.7 

Upper right M2 • 10,2 
Upper left 1^ 10.1 

Upper right Mj_. 11.0 
Upper left 

Lower molars t 

Lower Right M* ' 10.7 
Lower left !-l^ 10.7 

Lower right'M2 10.8 
Lower left M2 10.8 

Lower right M]_ 11.? 
Lower left 11. 4 

SE Range IT c.v. 

.87 •15 5.8 - 8.9 3.1 34 12.55 
1.03 .20 5.9 - 9.0 3.1 27 15.20 

.93 .15 6.1 - 8.0 1.9 37 13.1 

.47 .08 6.4 - 8.2 1.8 37 6.5 

1.28 .20 6.0 - 8.4 2.4 43 18.4 

1.34 .19 6.1 -10.3 4.2 48 18.8 

.90 .14 5.6 - 8.1 2.5 42 13.2 
1.27 .19 5.9 - 8.2 2.3 44 18.7 

.95 .14 5.8 - 8.4 2.6 43 13.2 
1,20 .19 6.0 - 9.1 3.1 42 16.3 

l.4o .22 6.8 -10.0 3.2 39 16.2 

1.75 .29 6.2- -10.0 3.8 37 20.9 

1.16 .17 5.0 -11.4 6.4 46 IB'. 2 
1.16 .17 5.1 - 8.4- 3.3 40 ' 18.4 

1.17 .19 4.5. -11.7 7.2 38 20.9 

1.53 .25 4.5 -n.7 7.2 38 27.3 

1.32 .19 7.2 -12.4 5.2 48 13.7 
1.54 .22 7.4 -12.2 4.8 50 15.8 

1.69 .20 8.4 -13.5 5.1 68 16.5 
I.87 .23 9.5 -12.5 3.0 .67. 18.5. 

1.59 .17 9.2 -.13.1 3.9 86 14.4 

• 93 .11 8.6 -13.2 4.6 71 ' 8.4 

1.23 .15 7.5 -13.1 5.6 69 11.5 
1.50 .21 • 8.4 -12.6 4.2 56 14.8 

.84 .10 9.4 -12.6 3.2 66 7.7 
1.51 . .18 ' 9.7 -12.5 2.8 69 •14.0 

1.36 .16 9.0. -12.5 3.5 76 12,0 

1.47 .16 9.4 -13.0 3.6 82 12.9 
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Airaroix D 

BTiccoLriGU.'VL :RO'..IT ^IACTHRC or rciirr OF piiras rr::iiMs:iT DirrriTioiT 

Tooth 

Premolars: 

Upper right 
Upper left ITC2 

Upper r5ght ITC]_ 
Upper left ITTj 

Lower right BI2 
Lower left IWj 

Lower right 
Lower left !*!]_ 

Molars: 

• Upper'right 
Upper left M3 

Upper right Kg 
Upper left Kb 

Upper right 
Upper left 

Lover right M3 
Lower left ' 

Lower right' M2 
Lower left • 

Lower right 
Lower left 

Mean © -5E .Range (mm) N C.V. 

9.0 1.46 .25. 7.0 10,2 3.2 34 16.2 
9.2 -.70 .13 8.1 mm 10,4 2.3 28 7.6 

9.5 • 1.15 .19 e.4 mm 11.1 2..7 37 11.9 
9.2 1.42 .23 7.0 - 10.4 3.4 . 38 15.5 

' 8.0 1.23 .19 6.5 10.1 3.6 44 15.4 
8.2 •98 .14 "7.1 - 30.0 2.9 12.0 

7.5 1.32 .20 4.6 8.8 4.2 42 17.5 
• 7.7 1.28 .20 6.5 «* 9.4' •2.9 42 16.7 

10.3 1.65 .24 7*6 12.2 4.6 bS 16.0' 
10.3 1.50 .21 7.8 - 12,0 4.2 49 14.6 

10.9 1.55 .19 8.6 _ 12,6 4.0 70 14.2 
11.2 1.05 .13 9.0 - 12.6 3.6 67 9.4 

11.1 1.68 .18 7.0 _ 13.1 6.1 86 • 15.1 
11.3 1.20 .14 9,. 5 - 13.0 3.5 73 10.6 

10*2 1.27 .15 8.1 m 11.8 3.7 69 12.4 
10.2 1.08 .14 8.7 - 11.9 3.2 56 10.6 

10.6 .79 .10 9-3 _ 12.4 3.1 64 1-5 
10.3 1.50 .18 9.2 - 12.1 2.9. 68 14.6 

10.8 1.50 .17 9.6 — 12.9 3.3 78 13.9 
10.8 •74 .08 9.0 12.2 3.2 83 6.9 

288 



APPENDIX E' 

MESIODISTAL AND 73UCCOLB7GUAI CROV/H DIAMTTICHS OP POH7T OF PINES 
DECIDUOUS TEETH 

SE Tooth " Mean 

A. Mesiodistal Crown diamfetsrs 

Incinorst 

Range IT C.V, 

Upper' right T2 5.5 .68 .16 4.'3 •- '6.5 2.2 • 17 •12.3 
Upper left I2 5.7 .75 .18 4.8 - 7.5 2.7 17 13.2 

Upper .right 1^ 6.3 1.17 .21 3.5 - 8.9 5.4 30 18.7 
Upper left Ii 6.4 1.34 ,25 4.1 — 8.4 4.3 28 21.0 

Lower Right I2 4.7 .95 .23 " 4.0 - 6.1 2.1 • 17 20.2 
Lower left J2 5.2 1.20 .30. 4.0 - 7.1 3.1 16 23.2 

Lower right Ij 4.7 .98 .20 3.5 - 6.1 2i6 24 20.9 
Lower left 1^ 4.7" .77 .18 3.5 - 6.5 3.0 19 16.3 

Molars: 

Upper right M2 9.7 1.90 .42 6.6 - 12.8 6.2 20 19.5 
Upper left M2 9.4 l.o4 .30 7.1 - 10.? 3.8 1? 11.1 

Upper right TT-j_ 7.3 1.28 .27 6.1 - 9.5 3.4 22 17.5 
Upper left Hi 7.3 1.27 .*'• 6.5 - 9.0 2.5 14 17.4 

Lower right V-2 10.6 1.12 .2(? 7.1 - 11.5 4,4 19 10.6 

Lower left H2 10.2 l'.3i .?9 7.0 - 11.2 4.2 • 20 12.9 

Lower right H]_ 8.3 .94 . .23. 7.0 - 10.2 3.2 .17 n,3 
Lover left - - - - - •* 

B. Buccoli'igual c""ovn di; motors 

Holnrsj 

right 1-b 9.9 1.20 .28 7-4 - 11.5 4.1 19 12.1 
Up2 er left ITo 9.9 l.r,7 • .30 7.2 - 10.5 3.3 13 10.9 

Upper right 0.2 1.54 • 33 4.1 - 9.3 5.2 ' 22 18.7 
TJp»er loft Hi • X * - 9.7 .90 .24 7.2 - 9.5 2.3. 14 10.3 

Lover right K2 9.3 1.04 .24 a.7 -19.5 • .1.8 19 11. i 
Lower left I*2 . 9.2 l.4l ' .32 8.6 -10.2 1.6 20 15.4 

•. Lower right 7*6' 1.37 .33 7.0 - -9.4 2.4 • 17 10.0 
Lownr left M]_ •0.3 • 1.10 .26- 7.1 - 9.6 2.5 20 14.3 
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APFSIDIX F 

OQHPARISOII OF FARLY POITJ C? RRRA I:roiA:r •..TTII G-IRRV.TIORIS 
' UT T'!E3IO~DICTAL GP.O' ,1T PI '.M7T""TP 

Tooth Mean GE Range ir Group 

1. Inci3ors (permanent): 

Upper Rt I2 

Upper Tifc I2 
7.2 
7.2 

.94 
1.10 

.16 

.45 
5.8 
6.2 

- 8.4 

- 7.9 

2.6 
1.7' 

37 
6 

Late ' populrtion 
Early population 

Upper Lt I2 
Upper Lt I2 ' 

7.4 
7.6 

1.02 
1.30 

.17-
. .58 

6.0 
7.0 

- 9.1 
- 8.0 

3.1 
1.0 

37 
5 

Late population 
Fairly population 

Upper Rt Ii 
Upper Rt Tj. 

8.6 
8.9 

1.08 
1.52 ' 

.19 

.68 
•6.8 
8.0 

-10.0 
-10.0 • 

3.2 
2.0 

34 
5 

Late population 
Early population 

Upper Lt•Ii 
Upper. Lt I3, 

8.4 

9.3 

1.20 
.42 

.21 

.21 
6.2 
8.9 

-10.0 

- 9.9 
3.8 
1.0 

33 
4 

Late population 
Early population 

Lower Rt I2 
Lower. Rt I2 

6.4 
6.7 

1.10 
•42 

.17 

.30 
5.0 
6.4 

-11.4 
- 7.0 

6.4 
.6 

44 
2 

Late population 
Early population 

Lower Lt I2 
Lower Lt I2 

6.4 
6.1 

.65 
•8 6 

.10 

.38 
• 5.1 
5.7 

- 8.4 
-.6.5 

3.3' 
.8 

44 
5 

Late population 
Early population 

Lower Rt It 
Lower Rt £•> . 

5.6 
5.4 

1.38 
.42 

.24 

.19 
^.5 
5.0 

-ii.7 
- 6.1 

7.2 
1.1 

'33 
5 

Late population 
Early population 

Lower Lt 
Lower Lt I]/ 

5.7 
5.5 

1.28 

.70 

.22 
• •31 

4.5 
5.0 

-11.7 
- $.7 

7.2 
1.7 

3? 
5 

Lrte population 
Early population 

(Deoiduous) 

Upper Rt I2 
Upper Rt I2 

5.5 
5.4 

.75 

.00 
.19 
.00 

4.3 
5.4 

- 6.5 
- 5.4 

2.2 
' .0-

16 
1' 

Late population 
Early population 

Upper Rt Ij 
Upper Rt Ii 

6.3 
6.6 

1.14 
.00 

.21 

.00 
3.5 
6.6 

- 8.9 
- 6.6 

5.4 
.0 

29 
1 

Late population 
Early pornxlation 

Lower Lt I2 
Lower Lt I2 

5.2 1.20' .30 4.0 - 7.1 3.1 16 Late population 
Early population 

Molars(permanent)1 

Upper' Rt Mt 
Upper Rt Mj 

9.7 
9.1 

1.26 
.07 

.20 

.3? 
7.2 
7.4 

-12.4 

- 9.9-
5.2 
2.5 

4l 

7 

• Late• population 
Early population 

Upper Lt M* 
Upper Tit I-I^ ' 

9.7 
9.5. 

1.01 

- '8? 

.28 

.34 
7.4 
7.8 

-12.2 
-10.6 

4.8 
2.8 

43 

• 7 

Lat a popul t ion 
E-rly population 

Upper Rt 
Upper Rt. M2 

10.3 
;10.0 

1.20 • 
1.03 

..15 
.39 

8.4 
8.5 

-13.5 
-10.8 

5.1 
?.3 

61 

7 

Late population 
Early population 

Upper Lt .1*2' 
Upper Lt Mj 

10.7 
10.1 

1.50 
1.19 

.21 

.42 
10.0 

9.5 

-12.5 
-10.'? 

2.5 
1.4 

59 
8 

Late population 
Early pop illation 

Upper Rt ft. 
Upper Rt 

11.0 
11.2 

1.47 
.88 

.17 

.28 
9.2 
9.9 

290 

-13.1 
-12.1 

3.9 
2.2 

76 
10 

Late population 
Early population 
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Tooth Mean 6_ SE Range IT Group 

Upper Lt Mi 11.0 1.74 .22 8.6 13.2 4.6 61 La.te 'population 
Upper Lt H]_ 11.1. 1.26 .40 10.0 - 12.6 2.6 10 Early population 

Lower Rt 10.7 1.45 .18 7.5 _ 13.1 5.6 63 . Late population 
Lower Rt I-Ij 10. 4 1.39 -51 9.6 - 11.8 2.2 • 6 Early'population 

Lower Lt 10.8 " 1.45 .21 8*4 - 12.6 4.2 49 Late population 

Lower Lt Nj 10.2 i85 ;32 9.6 - 11; 2 i:6 7 Early population 

" Lower Rt • M2 10.8 .92 .12 9.4 - 12.6 3.2 57 Late population 
Lower Rt M2. 10.7 1.45 .48 io.o - 11.5 1.5 ' 9 Early population 

Lower Lt M2 10.8 •1.23 .16 9.7 _ 12.5 2.8 58 Late population 
Lower Lt M2 11.0 1.48 .45 10.1 - 11.7 1.6 .11 Early population 

Lower Pit M. 11.3 1.24 .15 9.0 - 12.5 3.5 67. Late . population 
Lower Rt 11.4. 1.44 .48 10.5 -• 12.3 1.8 9 Early population 

Lower Lt 11.4 1.64 .19 9.4 - 13.0 3.6 71 Late population 
Lo'wGr I»t Mi . 11.3 1.10 . .33 11.0 - 11.9 •9 11 Early population 

' (Deciduous) 

Upper Rt M2 %1 1.81 .^1 6.6 - 12.8 6.2 19 Lrte population 
Upper Rt M2 10.2 .00 .00 10.2 -•10.2 .0 1 Early population 

Upper Rt M. 7.3 .97 .21 6.1 - 9.5 3.4 21 Late population 
Upper Rt 8.3 .00 .00 8.3 - 0.3 • .0 1 Early population 

Lower Lt M2 10.2 ' 1.31 .29 7.0 - 11.2 4.2 .20 Late population 
Lower Lt M2 ' - - - - -• 0 Errly population 

^molars(permanent)< 

Upper Rt m2 6.9 .82 .15 5.8 - 9.9 3.1 31 Late population 
Upper Rt 17^2 7.0. .10 .05 6.9 - 7.1 .2 3 Early population 

Upper Lt Rio 6.7 1.26 .26 5.9 - 9.0-'3.1 23 Late population 
Upper I't H'T2 7.2 .70 .35 7-1 - 7.4 .3 . 4 Early population 

Upper Rt FWi 7.1 .78 .13 6.1 - 8.0 1.9 35 Late population 
Upper Rt FMi 7.4 1.2? .86 7.4 - 7.5 .1 2 Early population 

Upper Lt FMi 7.1 1.14 .20 '6.4 - 8.2 1.8' 32 Late population 
Upper Lt mi 7.3 .1.24 .55 7.1 - . 7.8 .7 5 Early population 

Lower Rt PM2 7.0 1.26 .19 6.0 - 0.4 2.4 4l Lat e po pu'l at i on 
Lower Rt TTIj 7.2 .42 .30 6.9 - 7.5 .6 2 Early population 

Lower Lt RT 7.1 1.28 .19 6.1 em 10.3 4.2 46 Late population 
Lower Lt HTj 7.4 .70 . .50 6.9 as 7.9 l;0 2 Early population 

Lower Rt 6.8 .83 • .13 5.6 mm 8.1 2.5 41 Late population 
Lower Rt IW1 7.2 .00 .00 7.2 - 7.2 .0 1 Early population 

Lower Lt E^i 6.9 .54 .08 5.9 - 8.2 2.3 42 Late population 
Lower. Lt WIi 6.8 .42 .30 6.? - 7.1 .6 2 ETly population 



A??1-IDIX G 

coî  \p;no:: 07 TTiLY pV nrj T'HT • 'y ' rJ *~t»T J • nr.ip r,-rrp-- ' 

TU PV̂ O-LI?̂ 1.".! -.~>rv - rrir^ 

^or.th "e:ui . ~n~9 (nr •) *T .1 Group 

Molars [ rra'T-o^tj : 
•) 

Urror ?.t !'t 
Up; or r.t I-lf. 

10.3 
10.6 

n OT J-* -1 
1.77 

"T O 

^7 

- r. 1 • -
°.9 

- 12.2 
- 11.9 

' .6 
3.0 

41 

l 

Lite population 
r 1 y pop" J • t i on 

Upper Lt 113 ' 
Upper Lt I'j 

10.3 
10.4 

1.46 
1.12 

.22 

.46 
7.3 
9.2 

- 12.0 
- 12.0 

L t2' 
8.8 

43 
6 

Late 
wc.rly 

Up-or lit Il2-
Upper lit II2 

10.9-
10.9 

1.57 
1.51 

.20 

.53 

8.6 

9.5 
- 12.6 
- 12.1 

4.0 
2.6 

62 
<J 

T ate 
Uarly 

Upper Lt TI2 
"ppor Lt Ho 

11.3 
11.5 

1.42 
1 

.22 

.58 
9.4 
10.4 

- 12-.6 
- 12.3 

3.2 
•1.9 

59 
8 

Late 
3arly 

Uprer lit Kj_ 
Upper lit I-Ti 

11.1 
, 11.3 

1.58 
.90 

.18 

.28 
7.0 
10.0 

-13.1 
- 11.9 

6.1 
.1-9 

76 
10 

Late 
Ivarly 

Upper Lt Hi 
Upper Lt Mx 

11.3 
11.5 • 

.01 
1.38 

. .10 
.43 

9.5 
10.0 

- 13.0 
- 12.2 

3.5' 
2.2 

63 
• 10 

Late 
Sarly 

Lower • Rt ,M3 
Lover P.t 

10.2 

9.7 
1.59 
1.58 

.20 

.64 
8.1 
?.l 

- 11-. 8 
- 10.9 

3.7 
1.3 

63 
6' 

Late 
3arly 

Lower lit I'h 
Lower Lt IT? 

10,2 
10.0 

1.31-
1.30 

.19 
..48 

0.7 
9.9 

- 11.9 
- 10.2 

3.2 
.3 

49 

.7 

Late 
''̂ arly 

Lover Ht M2 • 
Lower Rt lr2 

10.6 
10.6-

.71 
1.21 

.10 

.40 
9.3 
9.6 

- 12.4 
- 12.4 

3.1 
2.8 

55 
9 

Late 
Early 

Lower Tit M2 
Lower Lt II2 

10..3 
10.6 

1.11 
1.19 

.14 

.36 
9.2 
9.6 

- 12.1 
- 11.4 

2.9 
1.8 

57-
11 

Late 
Early 

Lower Ht Kx 
Lower lit 

10.8 • 
10.9 

i.4a 
.73 

,18 
.24 

9.6 
10.0 

- 12.9 
- 11.5 

3.3 
1.5 

69 
9 

Late 
Early 

Lower . Tit Mx 
Lower Lt Mx 

10.7 
11.0 

1.43 
.7^ 

.17 

.22 
9.0 
10.1 

- 12.2 
- 1-1.7 

3.2 
1.6' 

72 
11 

Late 
^r.vly 

(deciduous) 

Upper- Rt M2 
Upper Rt M2 

9.9 
10.4 

.97 

.00' 
.23 

' .00 
7.̂  
10,4 

- 11.5 
- 10.4 

4.1 
.0 

18 
1 

Late 
^arly . 

Upr'or lit M_ 
Upper lit P*x 

8.1 

9.3 

1,80 
.00 

i'39 
.00 

4.1 

9.3 
- 9.2 
- 9-3 

5.1 
.0 

21 
1 

Late 
. Early 

Lover Lt II2 
Lt Mo 

9.2 1.4l • .31 8.6 - 10,2 .1,6 •20 
0 

Late 
Sarly 

Premolars 1 

Upper Rt IH2 
Upper Lt H^2 

• 9.0' 
9.5 

1.16 
.62 

.20 

.36 
7.0 
9.0 

- 10.1 
- 10.2 

3.1 
1*2. 

32 
' 3. 

I.ate 
Early 

Upper Lt •H'T2 
Upper Lt HI2 

9.1 
9.7 

.89 

.65 
.18 
.•32 

8.1 
9.1 

- 10.3 
- 10.4 

2.2 
1.3 

24 
4 

^ate 
,sarly . 
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Tooth. Mean 
•£ . sf •Rrm^(mm) N Group 

Tipper Rt IMi 
Upper Rt HIi 

9.5 
10.0 

.88 
'.28 

.15 

.20 
8.4 -
9.8 -

11.1 
10.2 

2.7 
'.4 

35 
2 

Late population 
^arly population 

Upper Lt IKL 
TJpper Lt IMi 

9.2 
9*5 

1.19 
• .66. 

• .20 
.30 

7.0 -
8.8 -

10.4 
10.4 

3.4 
1.6 

•33 
5 

•^ate population 
Early population 

Lower Rt IW2 
Lower Rt FM2 

8.0 
8.8 

'.3b 
1.35' 

.14 

• 9^ 
6.5 -
8.8 -

10.1 
8.9 

3.6 
.1 

42 
2 

Late population 
rly population 

Lower Lt 1^2 
Lower Lt IW2 

8.2 
8.6 

.81 
1.40 

.12 

.99 
7.1 " 
8.3 -

10.0 
9.0 

2.9 
•7 

46 
2 

Late population 
Karly population 

Lower Rt 
Lower Rt H-Î  

8.0 
8.8 

.94 
1.3? 

.14 

.94 
6.5 -
8.8 -

10.1 
e.9 

3.6 
.1 

42 
9 

• Lite population 
^rl" population 

Lower Lt 
Lover Lt FT-Ij 

7.7 
7.4 

1.38 
1.23 

.22 

.P7 
6.5 -
7.3 -

9.4 
7.6 

2.9 
.3 

.40 
2 

Lp.te pcptilrtion • 
3arly popul'+ior. 
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