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CHAPTER 1|

For many centurie

wn

man has been aware that 11 |

. = l

significant knowledge could be obtained Oy studying s |

himself. Out of this desire for knowledge came devel - i
opment of the science of anthropology. Because the

study of man is overwhelming in sCcope, many concentrated

.~

their efforts in Specitic areas. Subsciences of ethnology,

cul tural anthropology, and paleodontology were evolved,
Paleodontology, the Study of the dentition of ancient

man, accurately defines the extent of this treatise,.

The dentition of the North American Indian of 850 A.D., {1 ,
who occupied the southern shores of Lake Erie, is the
specific subject of this thesis.

-

he Libben site on the Portage River, Ottawa

0 by the members of

O

County, Ohio, was discovered in 19
the Archeological Survey of Ohio. Although the area

was known locally as an "Indian Burial Ground," jts

true potential did not become apparent until that time.
The site itself is part of the Libben rarm and is located
On a sandy knoll which is surrounded by a swamp except

to the south where it is gradually being eroded by the

Ti

Portage River. This pure sand deposit is three feet

e

T T T T e T T e —
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SPring of 1967 and ended in €arly vall of the same year.
During this time, half the site was exposed. Three

taining complete dentitions were reconstructed for

dental investigation. This sampie or 103 dentitions
COmprised the basis of the presently described Tindings.
M ‘ logists, Funkhouser (41,42). Hooton
i‘-é‘..".‘/ ai‘.’in‘..’-c‘301cglb;a, runknouser (&1, L ), AOOTON
(& 5] | Ne an 19 Newma [ Q4 )
{59, 60, 61), McPherron » Neumann (95), Newman (96),
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Snow (118, 119), and Webb (125, 126, 127, 129), have

studied the ancient populations in North America. In

O
=

their works, the dentition has been largely neglected
even thougn the importance of teeth in the study of
early man is unquestionable. eeth are not only the
hardest part of the skeleton, but they are often the
sole remains. Because their number, patterns, and
Structure are governed by rigid morphological laws that
are geneticaliy determined, they provide the most
reliable information available to us about the heal th,
race, and cul ture of primitive societies.

It is on this basis that the author combed the
literature in search of wel l -documented, accurately
€xecuted analyses of other Amerindian dentitions. Both
the physical anthropology and the dental literatures
were comprehensively reviewed. |In addition, the complete
series of Yale University Publications in Anthropology
(1936-1966), the Peabody Museum of American Archaelogy
and Ethnology Papers (1868- ), The Anthropological
Papers of the American Museum of Natural History (1907-

istitution Bureau of American

=
=

1965), and the Smithsonian

ulletins (1879-1967) were examined for useful

m
rt
b |
s
O
O
(@]
<
w

I -

ake full advantage of the opportunity to

O
s
[1f]

Study the dental structures in this unique precolumbian

American Indian population with evidence of racial unity,




(ea1

geograpnic isclation, and limited diet, the present

survey of the dentition was divided into six broad

- 3 _— P Vi i . 3 f o~ by oo ]
Categories. they are: (1) Tooth Material, (2) Tooth
Marnh~ S Tel (2% H s = 1 'x----w-'-ff‘-w FEY B St =~ - § =
MOT P“U“‘-‘u/} \oJ) vencal Attri tion, \=w/) venital ana USseocus
Pathology, (5) Periodontal Condition , and (6) Cephalometry

and Occlusion. In this way, it was
ion of the dentitions would be thorough and the resuits

~

Systematically revealed. Once the results are integrated,

(]

:

(@

the compl dental health of this prehistoric communi ty
Will be understood. In the discussion of each of the
above categories, comparisons with other ancient
Amerindian Populations will be made. Unfortunately,

Comparisons of total dental health of the various
Amerindian tribes cannot be made because this is, to the
author's knowledge, the first time such a comprehensive

analysis of one skeletal group has been attempted.
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Ihe specimens used in this analysis are from a

precolumbian, early Woodland Amerindian population of
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nortawestern Ohio exhumed

site is extensive and is estimated to have at least
1 N - i * == ¥ 3 . -1 b T c - T
1,000 individuals placed in shallow graves of sand lhe

land was formeriy an orchard and until recently had not
been piowed for farming. Generally, Woodland sites are
small and shallow and have been largely obliterated by

!

ne Woodland pattern as described by

U

b}
—

A\ e L e o o
American rarming.

|
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ved
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it
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rom preceramic cul tures and

4]
(]

éxtended to the start of pottery making and farming.
A sample of 103 skulls and dentitions was used

in this survey. They were chosen at random according

(0]
-

preservation. An attempt was

e

(=

L0 age, sex, and sta
made tO obtain a representative cross-section of the
popuilation to be studied.

A junior dental student was hired part-time to

help the author reconstruct the skulls that had been

n

flattened or crushed by the farmer's plow or Dy changes

in ground pressure. As soon as the skulls were uncovered

by the Tield workers, they were removed as a unit. The

~J
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determined was the number and identity of those teeth
that were lost premortem and of those that were lost
postmortem. To avoid possible confusion, the teeth were
numbered consecutively starting with the upper right
third molar as number | and proceeding around the arch
to the upper left third molar as number 16. Then drop-
ping down to the lower arch, the lower left third molar
-was numbered as 17, and proceeding around the arch, the
lower right third molar was numbered as 32. The deciduous
dentition was handled in the same way except that Roman
numerals were used. The upper right deciduous second
molar was recorded as Roman numeral |, and proceeding
around the arch, the upper left deciduous second molar
was recorded as Roman numeral X, and so on. In this way,
each tooth had a different number.

As the observations were made, they were recorded
in appropriately designated columns drawn on legal-size
paper. At times the student assistant would be available
to record the results which increased the efficiency of
the process. Tooth presence was indicated even if only
the root or root tips of a tooth were remaining. The
loss of a tooth was considered to be premortem only when
the tooth was absent and the socket completely or par-
tially obliterated by the healing process. Congenitally
missing teeth, although very infrequent, were recorded

under premortem loss. When the tooth was absent and the

i
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socket remained intact, the loss was considered to be

postmortem. In the majority of cases, the sockets were

filled with sand indicating that the teeth were dislodged

and lost during the burial process or as the result of

natural causes while the individual was interred.

Other possible causes of postmortem loss were poor

field technique during skeletal excavation, improper
packaging, shipping, and handling. Some teeth may have
been lost due to damage caused by worms, gophers, or
other burrowing animals. The postmortem loss in just 5
skulls accounted for approximately 25 per cent of the
total postmortem loss experienced in the sample.

An omnipresent factor to be accounted for in this
analysis is error in observation. Precautions were con-

stantly taken to keep mistakes to a minimum. The caries

and cephalometric aspects of the analysis were repeated to

provide a check of accuracy. Blind checks were also incor-

porated into the survey technique. For example, as pre-
viously described, the author counted the missing teeth
and categorized their loss as either premortem or post-
mortem. When the attritional aspect of the project was
studied, missing teeth were again recorded, and type of
loss determined. The results of both tabulations were
then compared, and when necessary, corrections made.

In the morphological, attritional, and periodontal

sections, repeated observations were made on every fifth

T T R T S AT
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skull, and the results checked. Positive correlation was
the rule, not the exception, when observations were com-
pared. Multiple opinion technique was used also to
determine if the author's Judgment of the degree of
expression of dental traits and diagnosis of pathology
was competent over a wide range of specimens. Compu-
tations and observations were of ten repeated by the
student assistant as a countercheck on the author's

experimental accuracy.

Tooth Morphoioqy

Cusp presence, number, and pattern of the molars
were recorded along with the degree of shovel -shaping of
the incisors. Several additional aids were employed at
this point. Having spent a week in August, 1967, with
Or. A. A. Dahlberg, Director of the Zoller Memorial
Dental Clinic and member of the Department of Anthropology,
University of Chicago, the author was most familiar with
his methods of recording and classifying tooth char-
acters. |In an attempt to standardize the classification
of these genetically determined morphological traits,
he developed a series of stone plaques, each containing
a number of models illustrating particular tooth char-
acters, their sequences, gradations of intensity, and
range of expression. Dahlberg's (26) three-dimensional

models of Carabelli's cusp, shovel-shaped incisors, and
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molar-cusp patterns were an irreplaceable adjunct in
scoring and classifying the morphological traits of the
dentitions of the Libben people.

Throughout the literature on tooth morphology,
shovel -shaping is usually reported as marked, semi-shovel,
trace, or none. This has obviously been a very sub-
Jective method of analysis. On the other hand, Dr. A, A.
Dahlberg (22, 23) in two studies has made an attempt to
actually measure the depth of the lingual fossa from the
highest parts of the rim to the deepest point of the
fossa of upper incisors, using an adapted Boley gauge.
This indeed was the first attempt to use a metrical
system of evaluating the shovel character. After ob-
taining hundreds of measurements, he found that he had
Lo use a certain figure as a cut-off point so that he
could classify the shovel-shaping and compare his results
with the works of previous authors. That cut-off point
was a depth of three fourths of a millimeter. Accordingly,
in the present study, two Jjigs were made out of stainless
steel with a projection point of exactly three fourths of
a millimeter. One jig was designed for the upper central
incisors, and the other was adapted for the upper lateral
incisors. The jig was placed firmly on the l ingual
surface of the tooth. |If the projection point did not
contact the lingual fossa while the jig rested on the

prominent lateral borders, the tooth was classified as
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markedly shovel-shaped. |f the projection point pre-
vented the jig from resting on the lateral borders, the
tooth was classified as semi-shovel. Trace and none
Categories were resolved subjectively by clinical judg-
ment. Wear of the lateral borders of the lingual fossa
would have a tendency to lower the gradation of intensity
of the shovel-shape character; yet no accurate method
could be devised to compensate for this attritijonal
factor.

In some instances, the markedly shovel -shaped in-
cisor was accompanied by a concavity on the labial sur-
face which produced what has been termed a double-shovel.
There was also a malformation principally of upper lat-
eral incisors which was associated with the cingulum and
lingual surface. |In most instances, the anomaly caused
the tooth to have the appearance of a malformed bicuspid
or a "barrel" shape. The occurrence of double-shovel and
barrel laterals was recorded, but the degree was not
scored.

By means of observation and comparison with the
morphological standards, the cusp patterns of upper and
lower permanent molars were identified. As described
by Dahlberg (23), the 5 cusped lower molars are of two
types. First, there are those in which the proportion-
ate sizes of the cusps are such that when viewed from

the lingual the grooves form a figure "Y." In these
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instances, the protoconid {mesiobuccal cusp) is not in
contact with the entoconid (distolingual cusp). Second,
there are those in which the grooves form a "+" jnstead
of the "Y" and the protoconid contacts the entoconid.
The numeral 5 is joined to the "+" or "Y' to designate
the particular combination. Likewise with a & cusped
tooth, the proportionate sizes of the cusp designate a
"+ or "Y" groove pattern and the teeth are labeled

UG g Wiy W

The upper molar has 4 occlusal cusps; however,
there is a trend in modern populations to lose the
hypocone (distolingual cusp). |If an upper molar has &
well-developed cusps, it is classified 4. If the hypo-=
cone is reduced in size, the tooth is designated as 4-,
Total absence of the hypocone is indicated by a 3 and,
if the 3 type has a cuspule on the distal border, it is
called a 3+ tooth.

Attrition, fractured teeth, and missing teeth
were major factors in limiting the number of observations
made; however, a general impression of cusp pattern for
each molar was obtained.

Carabelli's cusp and the protostylid were classi-
fied according to the simplified system proposed in 1966
by A. Dahlberg, T. Dahlberg, Snow, and Snyder (33). The
System scored these traits as to their degree of express-

ivity. See Table 2 on page 18.
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TABLE 2
SCORING OF CARABELLI'S CUSP AND THE PROTOSTYLID

Carabelli's Cusp Score Protostylid Score
Smooth surface | Smooth surface 1
Furrow 2 Wrinkle or

disruption of
Pit 3 surface continuity 2
i I Buccal groove de-

viation and/or
Double furrow 5 small elevation

from the buccal

Small delineated | pit antero-
cusp occlusally

Large cusp 7 Small definite cusp 4

o

Large cusp 5
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Dental Attrition

e —————

Attrition was another characteristic of the den-

tition of the Libben people investigated by visual
examination. Attrition is defined as the gradual wearing

away of the hard parts of the teeth through physical and !

3
|
1

physiological agencies of mastication. The occlusal and
incisal aspect of every tooth in the sample was examined,
and its classification tabulated so that a total, com-
parative view of the attritional status of the population
could be obtained. Many methods of classification of
occlusal attrition have been published. The most fre-
quently used and accepted standard for scoring occlusal
attrition is the oldest; it was established in 1879 by
Broca (14). His four degrees were as follows: first,
attrition of only the enamel; second, partial exposure of
dentin; third, total exposure of the dentin; and fourth,
total loss of the crown. The above classification was
extended to include certain intermediate stages. See
Table 3 on page 20 for the standard stages of occlusal
attrition and their corresponding scores used in this
study. These scores were then analyzed according to age
group, tooth type, and sex. As previously stated, the
methods for studying occlusal attrition were subjective
and were based on a series of criteria which were com-
pared to the investigator's visual interpretation of the

occlusal surface of the tooth. Mehta (87) very recently
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tried to obtain an actual calculation of the amount of
attrition by measuring the crown heights of an Amerindian
population and comparing these figures with crown heights
of modern man. This method obviously contained many in-
herent sources of error and unacceptable assumptions. It
is the opinion of this author that such attempts to use
an objective method of measuring attrition are steps in
the right direction even though a satisfactory method has
not been developed.

Another type of attrition was present. |t was the
wearing of the contact areas of neighboring teeth, which
resulted in changes in their proximal contours. Begg (10)
maintained that proximal attrition was quite normal and a
vitally necessary physiologic process which was related to
and part of the process of continual tooth migration.

As revealed by the literature, proximal attrition has not
been sufficiently studied especially from an objective
approach. This is true because of the many innate vari-
ables that can be present at the contact area of neigh-
boring teeth. The size of the teeth, contour of the
proximal surfaces, number and size of roots, and time of
eruption are a few of the factors that have a direct
influence on the wear of the proximal surface of each
tooth within the arch. This is true regardless of the

race, age, or diet of the population being examined.
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With the use of a modified Boley gauge, an attempt
was made to measure proximal wear Trying to minimize
the effect of the previously mentioned factors, contact

areas of teeth of nearly equal size were chosen. These
areas were between the first and second bicuspids and
between the first and second molars. The proximal con-
tour and root surface area of these teeth are relatively

3

equal. Differences in eruption times of these teeth

could not be compensated for. With a Boley gauge, the
buccolingual widths of the neighboring teeth were measured
and then averaged. Reverse bevels were placed on the
measuring arms of another Boley gauge to facilitate
entering the embrasures of the contacting teeth. See

I1lustration 1 shown below.

I1lustration 1.--Diagram of the measuring arms of
a Boley gauge entering proximal embrasures.
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Then the buccolingual length of the contact area
was measured and divided by the average buccol ingual
width of the teeth to obtain the percentage of the total
buccolingual dimension that is contact area; the greater

the percentage, the greater the proximal attrition. See

Table 4 on page 24.

Dental And Osseous Pathology

According to Ramfjdrd (105), the initial approach
in epidemiological investigations of disease was to study
the prevalence and incidence. Prevalence refers to the
number of events or defects observed in an individual or
Population at a specified time. Incidence refers to the
number of defects that may accumulate in an individual
or population during a given period of time. When the
extent and distribution of the disease has been investi-
gated, the available information is utilized in a search
for etiological factors and studies of the nature of the
disease.

The Libben population was scanned for manifes-
tations of both dental and osseous pathology. Those
abnormalities that would affect the individual tooth,
such as hypoplastic enamel, were recorded in the appro-
Priate column designated for each tooth so that prevalence
per skull could be derived. In addition, the distribution

of a particular abnormality in the entire population could
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be ascertained from the tabulations. Those abnormalities
that had a general effect on the entire oral cavity, such
as cleft palate, were also recorded on an individual
skull basis. The incidence of pathology could be cal-
culated and related to the entire sample. A complete
breakdown of the osseous and dental pathology and abnor-
malities observed is presented in Table 5 on .page 26,

Often it was necessary to remove the calculus
from the buccal and labial surfaces of the teeth so that
enamel hypoplasia and structural defects could be de-
tected. These calcareous deposits were placed in vials
and labeled as to origin. By enamel hypoplasia, it is
meant that there was an incomplete calcification of the
enamel demonstrating itself in the form of white spots,
dark coffee-colored areas, and opaque flecks but without
evident loss of form in the outer surface. The structural
defect category is self-explanatory. |t represents in-
Complete development of the enamel surface, resulting in
grooves, pits, and ridges.

Under higH-intensity artificial light, every sur-
face of every tooth was visually examined and tactually
Probed with a fine-tipped Cieve-Dent explorer (Number 3).
It was necessary to remove every other tooth from the

alveolus in order to provide a clear view of the opposing

Proximal surfaces. A record was kept of each skull noting

which teeth had caries and which surfaces of the tooth
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were invoived. This was then divided according to age
groups and analyzed to determine possible relationship
of caries incidence, as well as distribution by tooth
and surface type, with advancing age. Table 6 on page
28 is the key to the code that was utilized in surveying
the dentitions for caries. The code simplified the re-
cording procedure without sacrificing either accuracy or
completeness.

If a lesion on a tooth was questionable concerning
the diagnosis of caries, the classification EC was used.
These explorer catching areas were either enamel struc-
tural defects, such as grooves and pits, or they were
the initial stages of the caries process; and therefore,
did not demonstrate the classical properties of frank
decay. Carious lesions of deciduous teeth were con-
sidered separately and received a red check over the
appropriate code. (Red check was standard notation to
indicate a deciduous tooth in the recording of the data

of all aspects of the analysis.)

Periodontal Conditions

As revealed by their skeletal remains, this
Amerindian population had been afflicted with periodontal
disease. With the exception of the works by Hirschfeld
(57, 58) in the mid 1920's; approaches to analyzing peri-

odontal disease of skeletal material have been vague,
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TABLE 6
RECORDING CODE FOR CARIES SURVEY

Code Description
Blank Tooth missing
F Free of caries
0 Occlusal caries
B Buccal caries (labial)
M Mesial caries
0 Distal caries
L Lingual caries
R Root caries
P Pulp exposure
P] Pulp exposure with only roots remaining
EC Explorer catches
A Tooth fractured postmortem
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inadequate, and generalized. To overcome this trend,
periodontal lesions and associated bone deformities
were studied from several aspects in this investigation.
Lesions that were the result of bone destruction, such
as pockets, interproximal craters, and furcation in-
volvements, were recorded. A brief description of
their location and extent was included. Thickened
bony margins and blunting resorption of the interdental
lamina dura along with the bony abnormalities of de-
hiscences and fenestrations were also cataloged according
to occurrence and location. By reviewing the data col-
lected, bone condition could be evaluated and related to
attrition, age, and diet. In this way, an accurate under-
standing of periodontal conditions could be obtained.

Decisions on the diagnosis of the lesions were
sometimes difficult and required subjective judgments.
Hirschfeld (57) warned of such a possibility. '"In a
Study of dry specimens, it is essential to guard against
confusion of post-mortem damage with destruction resulting
from disease during 1ife." He continued by stating that
one should be aware of anatomical variation which is
difficult to explain but not necessarily pathological.
With these comments in mind, only unmistakable occur-
rences of periodontal disease were noted.

Perhaps the most apparent clue of periodontal

health of any population is the presence, location, and
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amount of calculus. Unlike clinical situations both
supragingival and subgingival deposits can be examined
with equal ease. It is still possible, however, that
the amount of calculus observed may represent an under-
estimation since postmortem events from burial to dis-
interment and laboratory examination can dislodge,
fracture, and otherwise reduce the amount of calculus
originally present. On the assumption that this would
be a constant factor throughout the sample, ratings of
calcareous deposits were made without regard to the
above-mentioned possibilities.

Goldman (44), Grant (48), Ramf jord (105), and
Schour (110) have created periodontal indexes to indicate
accurately the severity of the disease and to provide a
means of making the information suitable for statistical
evaluation. Most of these indexes involve the soft
tissue pathology and ignore or touch lightly upon the
bone destruction phases of the disease. Only one index
at present relates pocket depth to a fixed point on the
tooth, but adaptations could not be made to accurately
Convert its use to skeletal material. The periodontists
consul ted were in agreement that a true picture of
Pocket depth and periodontal destruction could not be
Obtained from skulls unless gingival level was known.
One could relate the free gingival margin to the

Cemento-enamel junction, which could be either above or
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below the base of the pocket, but could not relate the
cemento-enamel junction to the pocket depth. Soft

tissue pocket depth and resulting bone level are not the
same, and the relationship between the two is not a con-
stant factor. Therefore, an objective-measurement method
could not be used.

There is a positive correlation between the pre-
sence, amount, and location of calculus and the peri-
odontal health of the individual. Using this classical
approach and Ramfjord's (105) method of scoring calculus

shown in Table 7 on page 32, the dentitions were surveyed.

Cephalometry And Occlusion

The word cephalometry means the scientific meas-
urement of the dimensions of the head. In the present
analysis, these measurements were taken from cephalo-
metric roentgenograms. Utilization of cephalometric
roentgenograms is found in comparative studies, in
growth studies of the skull and dental apparatus, in the
Study of the characteristics and relationships of in-
dividuals and populations, and in genetic studies of the
skull. Comparison of these cephalometric measurements
With those of other Amerindian populations of the same
time period (Woodland) would be desirable in order to
€stablish the cranial characteristics and relationships

of these people. Such a comparison, however, is
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TABLE 7
RAMF JORD 'S SCORING OF CALCAREQUS DEPOSITS

Order Description Score
A Absence of calculus 0
B Supragingival calculus extending
slightly below the cemento-enamel
Junction ]
C Moderate amount of supra and sub-
gingival calculus or subgingival
calculus only 2
0 An abundance of heavy supra and
subgingival calculus 3
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impossible because this is one of the few attempts to
study the skulls of an Amerindian population using a
cephalometric approach.

It is known that these skulls are subjected to
change by the environment, intragroup variability, and
intergroup similarity. Nevertheless, the importance of
cephalometry in the description and analysis of the
remains of fossil man cannot be overstressed. S tudy of
the dento-facial complex as a whole and the inter-
relationships of the associated structures can add
meaningful information to the understanding of the
total dental health of these prehistoric Amerindian
people.

Availability of the Bolton Study facilities in
the School of Medicine, Case Western Reserve University,
made the cephalometric aspect of the project possible.

A complementary set of lateral and frontal cephalometric
roentgenograms were taken of each of a group of 33 skulls
which were exhumed with the cranial base intact. The
occipital, sphenoid, and ethmoid bones make up the cranial
base of a skull. The mandibles of these skulls were
firmly fixed in full occlusion to the crania with mask-
ing tape, and then the skulls were placed in the
Broadbent-Bol ton roetgenographic cephalometer for proper

Orientation and for the production of the standardized

roentgenograms.
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Kodak no screen x-ray film was used because it

produces greater contrast and detail from skeletal ma-

terial. The Bolton Study's cephalometric setup features
two perpendicular stationary General Electric X-ray tubes
which, in conjuction with the adjustable cephalometer,
maintain a constant target to film distance of five feet
for both frontal and lateral views. Exposure times,
kilovoltage, and milliamperage settings varied according
to the size of the skull and thickness of the bone. A
guide chart, which was provided by the Bolton Study, gave
settings that were a satisfactory starting point. By
trial and error, the proper exposure was obtained. The
final setting for each skull was recorded on mimeographed
forms. The skull number was formed out of lead numerals
and placed on the outside of the cassette prior to ex-
Posure of the film. In this way, the skull number ap-
Peared on the developed film. These records and stand-
ardized roentgenograms will make future investigation of
measuring the development and growth of the dentition,

face,and head of this population possible.

After processing the film, a thin, clear piece of
acetate paper was placed over the lateral roentgenogram
and attached with transparent Scotch tape. With the aid
of a General Electric illuminator, certain anatomical
landmarks of each skull were identified and traced with

a red pencil. The important landmarks were: sella
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turcica and neighboring clinoids, ear hole, mandible,
maxilla, upper and lower central incisors, nasal bone,
frontal bone, and the orbital margins. From these nine
structures, various cephalometric points were located.
Angles were formed when lines were drawn between these
points. The relation of one line to another was expressed
by the angles which gave the information necessary for a
skeletal analysis.

ITlustration 2 on page 36 demonstrates the positions
of the anatomical landmarks, cephalometric points, and
resulting lines and angles.

The major purpose for making a skeletal analysis
was to gain an appreciation of facial type and an appraisal
of anteroposterior apical base relationship particularly
in Class 11 and Class |1l malocclusions. Skeletal dys-
Plasias become apparent when there is a malrelationship
of the maxillary and mandibular bases. The teeth reflect
this malrelation even though they can be in fairly good
POsition when compared to their basal bone alone. There
are many ways to measure apical base relationship which
is the relation of the maxilla to the mandible and of
both to the cranial base. Downs's (35) method was one
of the simplest. His method was to make angular measure-
ments of point A on the maxilla and point B on the man-
dible, to reference cranial base line (S-Na-A and S-Na-B).

The difference between the two angles determined the

e e e s S )
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Sella Turcica

Nasion

Orbitale

Ear Hole

Point A

Gonion

Point B

Pogonion

ITlustration 2.--Diagram demonstrating the positions
of the anatomical landmarks, cephalometric points, and
" resulting lines and angles.
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The positions of the teeth were an important part
of this analysis. The interincisal angle related the
maxillary and mandibular central incisors to one another,
and the incisor-mandibular plane angle related the man-
dibular central incisor to its bony base.

In addition to the aforementioned measurements,
the mesio-distal dimension of every newly erupted,
unworn tooth was taken. Also the angie was measured

between a line extending the median palatine suture

®

forward beyond the alveolus and a line created by follow-
ing the axial rotation of the central incisors which
brought the distal parts of the teeth into anterior pro-

- - a0
minence. See lllustration 3 on page 33.




ITlustration 3.--Diagram of bilateral winging.

Occlusion represents the functional relationship
between the teeth of the maxilla and mandible. The absence
of opposing teeth, of pericementum, of the interarticular

Ccartilage, and of the ligaments of the temporomandibular

W

joint often made it difficult to establish the approxi-
mate relations between the teeth and the alveoli and be-
tween the mandible and maxilla. Moreover, warpage of the
mandible and/or skull added to the difficulties. |If a

dentition could not be occluded with reasonable accuracy,

it was not utilized in the present study.
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The jaws were occluded using the attritional pat-
terns of the molars, temporomandibular joint articulation,
and maximum intercuspation as guides. Several alternate
positions would be tried. That position, which satisfied
the most criteria, was chosen to be the proper occlusion
for the individual. Angle's classification of occlusion
was used.

There were only brief, generalized comments on the
occlusion of other Amerindian populations in the publi-
cations of both physical anthropologists and dental in-
vestigators. - Few analytical or objective studies have
been done thus far because of the difficulties experienced
in occluding the two jaws as they were prior to the death
of the individual.

Observations were made on overjet, overbite, open-
bite, anterior crowding, rotations, arch form, spacing,
Crossbite, arch symmetry, and midline discrepancies.

Arch forms were classified as either ovoid, square, or
tapering. The presence of each rotation and the tooth
affected were recorded so that the frequency of rotation
of any given tooth could be determined for the entire
population. The location of crossbite was designated.

Attempts to measure the amount of overjet and overbite

with a Boley gauge were unsuccessful because a consistent

degree of accuracy could not be achieved. Nevertheless,

the relationship of overjet and overbite could still be

described in a general way and related to other populations.
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Physical Laboratory Methods

The major laboratory methods used in this analysis
were microradiography of the dental caries, x-ray dif-
fraction of the calcareous deposits, and various photo-
graphic techniques. The use of these sophisticated
methods of laboratory investigation would answer many of
the pertinent questions resulting from the examination of
these 1,100 year old dentitions.

A detailed histological picture demonstrating
dental caries was desirable as a proof of the clinical
diagnosis. Although the lesions appeared to have all the
characteristics of caries, more scientific proof was
needed to rule out other possibilities, such as erosion
or postmortem effects of interment. A change in the
morphology of the dentinal tubules under the carious
lesion, the presence of reparative or secondary dentin
as a pulpal response, and the presence of zones of cal-
cification and decalcification in the affected dentin
were the microscopic signs of proof sought after to con-
firm the clinical impression.

Because both structural details and mineralization
status could be studied, microradiography, which is also
known as x-ray microscopy, was the method of choice. |
Microradiography is a process by which an x-ray shadow
image of a very thin ground section of tooth is pro-

duced on a slide coated with a fine-grained photographic
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emulsion. The resulting radiograph can subsequentiy be
examined microscopically or enlarged several hundred
times or until the resoiution approacnes the resolving
power of the photographic emulsion (about one micron
resolution). In this particular project, contact micro-
radiography was employed using the equipment in the
Physical Oral Biology Laboratories of Case Western Reserve
University. The distinction is that in contact micro-
radiography the specimen is held firmly against the slide
with the photographic emulsion.

fhe initial procedure was to pick an intact tooth
with a carious lesion involving the dentin. The tooth
was embedded in an epoxy resin (Epon) and cured over-
night. The embedding medium was then shaped with a band
Saw so that it could be mounted in a brass ring with fast
setting plaster-of-paris. Thin sectioning was accom-
Plished on a special cutting machine equipped with a
rotary jeweler's slotting saw. This produced sections
approximately 0.005 inch in thickness. One side of the
section was then lapped to a high finish with diminishing
grades (0 to 4/0) of abrasive paper, and glued to a brass
cylinder with Waterglas (sodium silicate). The exposed
side of the section was lapped with the abrasive papers

thickness of 0.002

o)

as previously described until a final

inch (50 microns) was attained. This was then placed in

water for 30 minutes to dissolve the glue. The freed

“ ]
section was then ready to be exposed.
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Tor microradiography was a

—
~h

custom-made apparatus, consisting of & variable anode
X-ray tube and a helium path camera equipped with a
vacuum specimen holider. The x-ray tube and its power
supply were buiit according to a design by Dr. R. W. G.
Wyckoff, University of Arizona, and the remaining com-
ponents were developed in the present laboratory. The
radiation of choice for calcified tissue is the character-
istic K alpha of titanium which has a wave length of 2.75
angstrom units. This produced maximum contrast between
mineral and non-mineral components and still was absorbed
sufficiently in the non-mineral portion to provide structure
detail. The radiation was generated at 14 kilovolts and
6 milliamperes, and passed through a 0.002 inch Mylar
window equipped with a titanium filter (0.0025 inch foil).
The camera was positioned so that the anode to film dis-
tance was approximately 8 inches. The specimen was held
in close contact to the Kodak 649-0 emulsion by means of
a Mylar film drawn down tightly by vacuum and was exposed
to the radiation for 30 minutes. To reduce absorption of
the soft radiation, the path between the x-ray window and
the specimen holder was continuousiy flushed with helium.
After being exposed, the slide was removed from the

apparatus and developed in Kodak D-19 developer fTor 6

. : . . - = Ixte Rapnid=F1i
minutes, rinsed, and then fixed in Kodak Rapid-Fix for

e had thoroughly

B

an additional 6 minutes. When the s
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dried, it was examined under a Lietz Ortholux microscope

equipped with a Xenon light attachment. Polaroid photo-

graphs were taken of the magnified microradiographs.
X-ray diffraction is a'common}y used physical

method for identification and characterization of crys-

o

talline compounds. In this study, the Debye-Scherrer

N4 millimeter camera was used for obtaining powdered
diffraction patterns of the calcareous deposits on the
teeth of the Libben Indians.  After their coilection;

these deposits were finely ground in a agate mortar and
pestie and placed in a special thin-walled glass capillary.
The specimen within the capillary was then inserted in the
camera which was loaded with no screen x-ray diffraction
film. Exposures were made with nickel filtered copper

K alpha radiation generated at 40 kilovolts and 20 milli-
amperes. The specimen and the film were exposed to this
radiation for 4 hours. Following development of the film
in Kodak D=19 developer, the resulting patterns were
measured for identification. Direct comparisons were

also made with standard patterns for hydroxyapatite,
whitlockite, and -brushite as wel] as patterns that were
made from the sand which often adhered to the original
specimen. The spacing and intensity of the lines were

the basis for comparisons between standard and experi-

mental patterns.
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With the exception of Polaroid, the photographs
in this thesis were produced with an Exa |} single-lens

reflex camera equipped with a Zeiss 2.8/80 Biometar lens

and loaded with Kodak Pan X (ASA-32) film. A Honeywell
Prox-o-lite provided the illumination with an exposure
time of 1/30 of a second, and f stop of 11, ahd & dis=
tance of approximately 7 inches. Clay was used as a
mounting medium and black art Paper served as a back-
ground. The negatives were developed and corresponding

photographs printed using standardized darkroom procedures.
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CHAPTER 1V
TOOTH MATERIAL

Review Of Literature

Al though the dentitions of many Amerindian sites
have been studied in the past, they have not exceeded the
dentitions of the Libben site in number or state of pre-
servation. As the following review of past studies will
show, the dentition has been described in general terms,
and an accurate comparison among the various populations
has thus been precluded.

In 1916, Hrdlicka (65) examined a group of skulls
from a Delaware Indian site. Al though the number of
specimens was not given, it was reported that 13 per cent
of the teeth in males and 21 per cent of the teeth in
females were lost during the individual's lifetime. In.
order for this information to be of value for comparative
Purposes, the total number of teeth in the sample and the
Postmortem loss would have had to be provided.

Earnest Hooten (59) in 1920 examined the skeletal
remains from the Madisonville, Ohio, site and reported,
"'So many of the teeth have been lost post-mortem in the
Present group that observations of the dentitions are

very unsatisfactory." He continued by stating that, of

46
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the 61 skulls exhumed, 29 per cent had premortem tooth
loss. Again comparison was impossible because the number
of postmortem loss and the total number of teeth in the
sample were not given. Two years later, Hooten (60) aided
in the excavation of the Turner site in Hamilton County,
Ohio. Of the 28 skulls collected, 8 (27.5%) had premortem
tooth loss. As before, other needed information was not
included in his report.

A dentist named Raymond Bentzen (11) in 1929
analyzed the teeth and jaws from a series of Mimbres
skeletons unearthed by the Jenks Expedition. The sample
consisted of 26 complete maxillae, 29 complete mandibles,
9 maxillary fragments, and 145 miscellaneous teeth. His
results indicated that 159 teeth were lost postmortem,
and 78 teeth were lost premortem. Although he described
the sample, further details about the dentitions were
not provided; and therefore, it was not known whether the
145 miscellaneous teeth were included in the pos tmortem
loss figure.

Rihan (106) in 1932 published the results of a
study of 289 adult skulls of the Pecos Indians in New
Mexico. There were 47.5 per cent of these skulls that
had a loss of teeth. The total number of teeth or a
breakdown of loss as to before or after death was not

included in either the tables or text.
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Ten years later Newman and Snow (96) published
their findings on the skeletons from the Pickwick Basin
in Alabama. Out of the 65 skulls examined, 52 per cent
had premortem tooth loss. This information was further
clarified by a table, which indicated within a range the
number of teeth lost per skull; however, the total number
of teeth and the number of premortem loss were deleted,
making any valid comparison impossible.

Rabkin (104) worked on a group of less than 300
Kentucky Indian crania in 1943. He discussed tooth pre-
sence and loss as follows:

Nevertheless, in this instance as is the case wi th
most prehistoric remains, not all of the skulls are
in a state of preservation permitting satisfactory
examination. Some do not possess a complete comple-
ment of teeth (due to either ante or post mortem
loss).

In 1948, Goldstein (46) studied Indian crania from
five different regions of Texas and stated that the ante-
mortem loss of teeth as a per cent of the total crania of
both sexes was a range of 35.4 per cent to 73.7 per cent
depending on the geographical origin of the skulls. With-
out additional information a comparison could not be made
with this extensive study.

Sarnas (108) published a lengthy description of
the dentitions of Indian Knoll.in 196L. He realized the

difficulty of using available data for comparative pur-

poses when he stated:
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Few investigations have given full documentation as

to which teeth have been available for examination

and which teeth have been missing. In view of this

it appears as if a strict comparison . . . would be

more or less unsound.
In his study of the Indian Knoll material, he selected
from the 1,200 crania 189 skulls with upper and lower jaws
present and the sex determined. They were divided into
three categories: primary, mixed, and permanent with the
latter comprising 75 per cent of the sample. In this
group, 617 deciduous teeth and 4,011 permanent teeth were
present. There was a premortem loss of 1 and a postmortem
loss of 98 in the deciduous dentition and premortem loss
of 11 and a postmortem loss of 196 in the permanent den-
tition. Comparisons will be drawn with Sarnas' findings
in this analysis.

In 1966 Mehta (88) studied 21 postcolumbian
Arkansas Indian skulls. Of the 616 teeth he examined,
3k teeth were lost postmortem, and 19 were listed as miss-
ing. This represented a total loss of 8 per cent which .
would be considered very low except for the fact that
only those skulls were chosen for the study that "“had
nearly a full complement of teeth and had normal occlusion."
Just last year McPherron (84) of the University of

Michigan reported on the Juntunen Site. There was a diver-
sified table of pathologies and anomalies which had in-

Cluded as an entry 8 skulls with antemortem tooth loss.

Neither the text of the report nor the other tables

e A b GRS Ao i - - = o o vy n
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contained more information about tooth presence, sample

size, or tooth loss. It was hoped that this perpetuating

trend of neglect of the dentition in future anthropological

endeavors could be reversed.

Findings And Discussion

The present study was based on a sample of 103
skulls which was approximately 10 per cent of the estimated
number of burials contained within the site. The skulls
were divided into three main groups according to the stage
of dental development: 7 deciduous, 8 mixed, and 88 perma-
nent dentitions. There were 2,580 teeth in the entire
collection out of a possible 3,163 (ideal). Eighty-two per
cent of the teeth were present which verified the fact that
these skulls were outstanding in their state of preservation.
Accordingly the average number of teeth observed per skull
was very high. See Table 8 on page 51. As shown in this
table, the average number of teeth per skull in the per-
manent group was 25.6 and in the deciduous group was 18.9.

These figures did not reach the ideal numbers because of

the non-eruption of teeth, shedding of deciduous teeth,

Premortem and postmortem loss of teeth and anodontia.

When the figure for the permanent group was computed, in-

cluding the premortem loss of 368 teeth, the average

number of teeth per skull equaled 29.8. This number rep-

resented more accurately the condition of the sample being
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studied. There were three and one-half times as many
teeth missing from the permanent group than from the others.

This was again expressed in the per cent missing column

which emphasized the fact that one out of every five teeth

in the permanent group was absent. By analyzing missing

teeth as to the time of their loss (either before or after

death), much could be learned about the dental health of

the individuals, the excavation technique, and the envi-

ronment of the grave. Table 9 on page 53 shows the pattern
of premortem and postmortem losses in the sample. From

the table it can be seen that all loss of teeth in skulls
with deciduous dentitions was postmortem, while approximately
two thirds of the loss of teeth in skulls with mixed den-
titions was premortem. The reverse was true.for the per-
manent dentition group. Only one third of the loss of
teeth occurred postmortem indicating the following trends.
Premortem loss of teeth increased with the acquisition of
the permanent dentition, which could be expected, but the
postmortem loss decreased substantially from deciduous to
permanent dentition. Table 10 on page 54 simply shows the

number and corresponding percentage of skulls of each

group having premortem and postmortem loss of teeth. Note

that two thirds of the skulls with a permanent dentition

have premortem loss, postmortem loss, or both. It would be

meaningful to know in the adult population of 88 skulls the

number of central incisors, lateral incisors, cuspids, etc.
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TABLE 10

PERCENTAGE OF IND|VIDUALS WITH PREMORTEM
AND POSTMORTEM TOOTH LOSS

Number of Number of
Skulls Skulls

Dentition with Percentage with Percentage

Premortem Postmortem

Loss Loss

Deciduous 0 0.0% 5 71..0%
Mixed 2 25.0% 5 62.5%
Permanent 55 62.5% 58 66.0%
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that were present and the type of tooth loss that was
responsible for those teeth that were missing. Table 11
on page 56 provides the information concerning the number
of observations made, and the type of loss experienced
for each tooth. As demonstrated in Table 11, cuspids
‘were least likely to be missing, followed closely by

both premolars and lateral incisors. The absent toll

was greatest for the first molars. The most frequent
premortem loss was in the first, second, and third molars
in that order, and the most frequent postmortem loss was
in the central incisors. The teeth least likely to be
lost premortem were the cuspids and lateral incisors, and
the teeth least likely to be lost postmortem were the
first and second molars. This table clearly shows that
for this population, as for others studied in the past,
the molars were the first teeth lost during the individual's
lifetime. This was especially true for the first molars
because they were the first permanent teeth to erupt.

They alone received the trauma and the attritional aspects
of the diet for six years before another molar erupted to
help alleviate the load. The incisors, on the other hand,
were seldom lost during life, but as single-rooted teeth,
they were most likely to fall out of their sockets during
handling, excavation, and transportation of the remains.
Therefore, the table shows the postmortem loss of the

central incisor to be higher than any other tooth.




56

%661 | %hTOE | %STLT [%TU6T [ UEEL| %EEL|BL 6 | %48 21| %1€z | Buissiw jues sad |e30)
761 S¢ 0l 8 ¢l €t A4 A3 29 SSO| Wa3I0WISoy
89¢ 3 L8 96 . 2 7t Zl €l 0z SSO| wajJowady
8927 | S%¢ 95¢ 64h¢e S0¢ 90¢ | 81¢ LOE €/7 |Iussaud yiesl jo ssquny
leloy mz NZ _Z Nm _m 2 N_ __

SSO7 HLOOL W3LYOWLSOd ONY W3ILYOW3IYd
JHL GONV LN3S3Y¥d HL33L 40 NOILNGIYLSIQ 3IHL

[l 379Vl




57

In comparison with Sarnas' (108) distribution of
observed permanent dentitions and their premortem and post-
mortem losses, this study has some striking dissimilarities.
The total premortem loss for his sample of 141 adults was
19 as compared to 368 for the 88 Libben adults. This
meant that the Libben sample had forty times the premortem
loss as the Indian Knollers. This was significant and
strongly suggested that dental disease literally plagued
the Libbenites when they were compared to their Kentucky
counterparts. In agreement with the present study, the
central incisors in his sample were the most frequent
postmortem loss; however, the agreement ended here. The
first molar in the Indian Knoll study was the tooth most
often observed, but in the Libben site it was the tooth
most often missing. Only 5 molars in Sarnas' sample were
lost during the lifetimes of the individuals as compared
to 95 first molars lost from this sample. These results
appeared to be at opposite ends of a range. Nevertheless,
it can be said that tooth loss was uncommon in Kentucky
Indian adults but very common in the Libben population.

In Sarnas' selected sample, the postmortem loss rate was
about two thirds of the rate for the Libben sample. There
were 196 teeth lost from 141 permanent dentitions of
Indian Knoll compared to 194 teeth lost from 88 permanent

dentitions of the present sample.
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Table 12 on page 59 gives more information con-
cerning tooth Ios; in this adult segment of the population.
Arch was a distinguishing factor and was related to tooth
type which has been somewhat condensed from Table 11. The
premortem loss of lower molars was greater than the upper
molars while the postmortem loss was about the same. The
opposite was true for the premolars. The premortem loss
was greater in the upper arch than the lower, and the
postmortem loss was about equal. Unlike the molars and
the premolars, the arch factor was not significant in
cuspid presence or loss. There was a greater premortem
and postmortem loss recorded for the upper incisors, and
despite the fact that the observation was a consistent
one, the reasons were not known and can only be speculated
upon.,

How important was the sex factor in influencing the
number of teeth lost prior to the death of any given indi-
vidual? Table 13 on page 60 shows that of the 59 skulls
which could be sexed, almost three fourths of them were
males. Although the rate of postmortem tooth loss was
about the same for both sexes, the premortem loss in males
was twice as high as in females. Hereafter the sexes will
be pooled in presenting and discussing the data because
only one half of the sample could be sexed, and of the 59
skulls which could be, males outnumbered females almost

three to one. Significant sex comparisons of disease,
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TABLE 13

DISTRIBUTION OF TOOTH LOSS BY SEX

Premortem| Premortem | Postmortem Postmortem
Sex Number Loss :Number Loss + Number
Males 43 220 5.1 96 2.23
Females 16 L2 2.6 30 1.87
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attrition, etc. cannot be based on such a small sample of

female skulls.




CHAPTER V
TOOTH MORPHOLOGY

Review Of Literature

Along with size, the form and structure of the
teeth have been studied intensely during the past fifty
years to yield knowledge about the evolution of man, to
establish a criteria for race, and to relate tooth mor-
phology with other factors of demographic investigation.
Measurements and observations of teeth have been subject
to misinterpretation because various workers in this
field have used different definitions, different tech-
niques, and different populations. Many dental traits
have been misconstrued as being racial, but as more
Studies were published, it was realized that the prevalence
of any given trait per specific group of people was sig-.
nificant and not the mere presence of the trait. The
genetic component, which controls the frequency of a
trait in a population when compared to another, was the
reliable information which could be used constructively.
The old concept that a skull's origin could be identi-=-
fied if it had a particular dental trait was not acceptable.
However, computing the probability that a skull would have

a certain group of traits with a particular degree of
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expressivity present within the same dentition could yield
semi-reliable information concerning race and perhaps
origin. The recent awareness of intragroup variability
and intergroup similarity has dimmed the polish in this
area of odontology. To quote Lasker and Lee (78):
The extravagant hopes for the use of dental features
as a hallmark of race have not been fulfilled. To
speak of d dental trait as racial merely implies
that it occurs in higher frequency in one race than
in another. It is unlikely that a certain feature
will be found exclusively in a given race.

One such‘trait that was thought to be racial was
shovel -shaped incisors. |t was found in high frequency
and intensity in the Mongoloid racial stock. Hrdl icka
(66) in 1920 described the occurrence of a type of in-
cisor which he called a "shovel -shaped incisor." Shovel-
ing occurred as a generalized condition throughout the
pPrimate order, and although it was best developed in
upper teeth, it was also found in lower incisors and
deciduous incisors. Hrdlicka stated:

The original call for the development of a rim and
hollow on the lingual surface of the front teeth

was in all probability a call for strengthening.

An incisor of this form, all other things being
equal, must in mechanical principles be considerably
stronger than a flat surfaced tooth.

He recognized three grades of shovel-shaped teeth.
The word "shovel" indicated the best developed type; for
less well-developed grades, the term "semi-shovel" was

used. "Trace shovel” was applied to a slight but definite

indication of the shovel-shaped form. He gave the
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frequencies of this character among the various races of

the world. They were: White, 6 per cent; Negro, 10 per

cent; Hawaiian, 47 per cent; Chinese, 60 per cent;

.Japanese, 85 per cent; and American Indian, 91 per cent.
In 1921, Hrdlicka (67) published a description of
upper incisors which exhibited a marked overdevelopment

of the cingulum that extended incisally approximately

three fourths of the length of the crown. The labial
surface of these teeth was usually convex with the

cingulum functioning as a lingual cusp for an incisor.

A. A. Dahlberg (23) likened these overdeveloped incisors
to the appearance of premolars and labeled them "barrel-
shaped incisors."

Hooten (59) in 1920 in his analysis of the skeletal
remains of an Indian village near Madisonville, Ohio,
observed shovel-shaped incisors in 12 of 13 male crania
and in all of the 6 female crania. Two years later in.
his reports on the Turner site, Hooten (60) stated,
"Thirteen crania had shovel -shaped incisors, and one had
not. In the remainder of the series, the presence or
absence of this feature could not be determined." In
1924, Hooten (61) in a publication on the Indian burial

site in Winthrop, Massachusetts, discussed the remains of

each burial separately and frequently mentioned the

presence of shovel-shaped incisors.
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The following year Leigh (80) studied the dental
pathology in four different Indian tribes which were
dissimilar in their environment and diet. He found that
elevated marginal ridges and deep concave lingual fossae
of upper incisors occurred quite constantly in all four
tribes which were the Algonquin, Sioux, Arikara, and
Zuni. He concluded that this feature must have been a
universal physical characteristic of the American Indian.

In a discussion of the anthropology of the Sioux
Indians, Hrdlicka (68) in 1931 verified Leigh's findings
and emphasized the fact that the characteristic shovel-
shaped upper incisors were present in almost 100 per cent
of the tribe. Of 56 boys, 54 had well-developed shovels,
and 1 was placed in each of the categories of semi-shovel
and trace. Of 60 girls, 51 had well-developed shovels,

8 had semi-shovels, and 1 had a trace.

Sedwick (113) examined precolumbian Indian skulls
unearthed in New York State in 1936 and mentioned the fact
that most of his material had anterior teeth with well-
developed marginal ridges between which was a concave
lingual fossa--the characteristic of American Indians
which Hrdlicka described and termed "shovel-shaped teeth."

Samuel Rabkin (104) studied the Indian Knoll ma-
terial of Kentucky in 1943 and in general terﬁs discussed
his impressions of the dentitions. He considered the

raised labial marginal ridges of anterior teeth as being
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a newly developed trait; and therefore, it was not nearly
as prominent as the lingual shovel-shaped feature.

Wissler (133) in his book, The American Indian,

published in 1938, stated that the most distinctive tooth
character ih the New World was the shovel-shaped or ven-
trally concave upper incisor. It is interesting to note
at this point that according to Weidenreich (130) this
Mongoloid trait which Wissler referred to as "New World"
dated back one million years to Sinanthropoid skeletons
found in caves near Peiping, China.

Snow (119) in 1948 in his analysis of the Indian
Knoll skeletons mentioned the consistent, pronounced
shoveling of the center-four teeth of the upper arch.

Carbonell (19) found in a study of variations in
the frequency of shovel-shaped incisors that laterals
were more affected by the shovel trait than centrals and
that, if the centrals were shoveled, usually one would
find the laterals shoveled to the same degree.

Dahiberg (28) commented on the frequency of this
trait:. "A very marked form of shovel-shaped incisor
Ooccurs in over 95 per cent of American Indians." The
shovel -shaped character was moderate in its expression in
ancestral forms. Some populations lost the character
(modern Whites), some retained it (certain As}atics),
and others accentuated it (Amerindians). This loss of

Specialization had taken place with almost all tooth




67

characters and has resulted in the many diverse dentitions
of today.

Besides shovel-shaped incisors, certain other
characters were typical of Mongoloid dentitions and were
generally studied in an Indian population. The number
and pattern of molar cusps, the presence of Carabelli's

cusp in upper molars, and protostylids in lower molars
have been the object of much study. 1In 1926 Gregory (52)
presented the fundamental molar cusp and groove pattern
of a hominid lower molar and named it the "Dryopi thecus
Pattern," an ancestral form seen in tooth phylogeny and
common to both man and anthropoid apes. This typical
Dryopithecus pattern exhibited five main cusps,i,3 bugcal,
and 2 lingual. The groove pattern closely resembled the

letter "Y" as seen in lllustration 4 shown below. In the
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typical Dryopithecus pattern, the base of the crest of the
metaconid came into contact with the base of the hypoconid
while the bases of the crests of the protoconid and ento-
conid remained separated.

Hellman (56) in 1928 contended that, al though
there was a wide variation in lower molar patterns, they
could be traced back to Gregory's Dryopithecus pattern.

He introduced the term Y5 pattern for this basic and stand-
ard form of Dryopithecus. He also contended that changes
appeared‘ which tended to modify the fundamental pattern

by a gradual, progressive process of evolution. These
changes involved a modification in the system of furrows
and reduction in the number of main cusps or both. Hellman
even showed molars of the same dentition in different
degrees of change.

Nelson (93) made a lengthy analysis of the dentition
of the Pecos Indians of New Mexico in 1938. His examina-
tion of the Pecos material for changes in crown patterns. of
molar teeth showed that, as in modern races, the cusp
formula of the upper first, second, and third molars de-
viated from the original 4-4-4 formula found in ancient
man. The distribution of cusp patterns seemed to indicate
that Pecos maxillary molars had undergone considerable
modification resulting in a trend toward reduction to a
L-3-3 cusp formula. Observation of the lower molars

indicated that the mandibular first molar was the most
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primitive of the Pecos lower molars since it retained
the Dryopithecus pattern in the greatest number of cases

while the second and third molars departed from the origihal.

Comparison of the Pecos findings with the present study

will be made in the Findings and Discussion section of

this chapter.

In 1939, after much confusion about the Y5 pattern

of mandibular molars, Allin and Robinson (4) published an
article defining the variable cusp patterns. The simplest
form of modified pattern in molars was +4 in which the
hypoconulid had been lost as well as the distal fossa and
fissure. This cruciform (+) pattern, particularly when
concurrent with a reduction in the number of cusps, was a
progressive stage in lower molar crown evolution. The

two intermediate stages were: ‘The +5 which had all the
elements of the Y5 pattern except that the Y5 was distorted
because the hypoconulid did not have a common border with
the entoconid in the central fossa; and the Y4 which had
retained the character of Y5 (metaconid-hypoconid contact)
except that the hypoconulid was lost along with the fissure
and fossa.

In Goldstein's (46) study of dentitions of Indian

crania of Texas, 100 per cent of the permanent incisors
observed were shovel-shaped, and much like the Pecos

‘Indians, the upper molar cusp formulae had a strong ten-

dency for reduction to 4-3-3. In fact, about 30 per cent
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of the skulls examined had this reduced formula, and an
additional 30 per cent had a 4-4-3 formula while only
about 20 per cent retained the ancestral formula L-L-l.
Only the lower first molars of this group were predomi-
nantly of the Dryopithecus pattern. The second and third
molars were most commonly cruciform in pattern. Goldstein
brought special attention to the fact that the incidence
of lower second molars with four cusps in the Texas
Indian groups was very high for American Indians (72.3
per cent). This +4 pattern was considered to be relatively
rare. He explained:
Differences in molar cusp numbers and patterns among
various groups of Indians, as well as among peoples
of other races, are probably due to inadequate sam-
ples or when the samples are adequate, to actual
variability in subgroups as a result of secular fac-
tors such as greater isolation and inbreeding in one
group than another.
The actual effect of isolation and inbreeding on human
genetics is an arduous if not impossible area of investi-
gation. Therefore, the amount of variability that can
be attributed to the presence of these factors within a
subgroup is purely speculation.

In 1953 Dahlberg (25) wrote an article concerned
with the evolution of tooth crown form. He stated that in
most early men the three lower molars had the five cusps
with a Y formation of the intervening groovés, but in
second and third lower molars of the White race of today

and other populations, the distobuccal cusp was missing.

He explained:
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The last parts added to the molars are most variable

in form and size and sometimes missing entirely.

These parts are the distolingual cusp of upper molars
and distobuccal and distolingual cusps of lower molars.

In 1949 Dahlberg (23) presented a paper that sum-

marized much of the previous work on the dentition of
the American Indian up to that date. A year later

Dahlberg (24) reported on the evolutionary significance

of the protostylid. This Cusp appeared in many of the

Australopi thecine (Sinanthropus), rarely in most modern

man (only 11 cases reported), but in 30 per cent of the
Pima Indians of Arizona. The protostylid can be described
as a 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 occurred in varying degrees of pro-
minence. Seemingly residual evidences of the cusp were
commonly seen in the form of pits and distal deviations
of the gingival end of the buccal groove on modern lower
molars. |
Tratman (122) in 1950 made a comparison of the
teeth of Indo-European racial stock with Mongoloid racial
Stock. Besides the Mongoloid features of shovel-shaped
incisors and Dryopithecus fissure pattern of lower molars,

he mentioned the very low incidence of Carabelli's cusp

on maxillary first molars and the presence of enamel exten-
sions into the furcations of the molars, particularly the

tirse,
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Pedersen (98, 99) found that Carabelli's tubercle
was extremely rare or practically absent in pure Greenland
Eskimos; whereas it existed frequently in Eskimos mixed
with Whites. Pedersen also quoted the work of other
authors who had found a very low incidence of the tubercle
in Chinese but a little higher incidence in Japanese. He
also pointed to' the high incidence of enamel extensions
and enamel pearls between the roots of molars.

Juett (71) also spoke of the presence of epithelial
péarls and enaﬁel extensions, but as indications of a
Primitive race such as the early Indians of South Central
Kentucky which he studied.

Scott (112) in his text, Dental Anatomy, stated

that Mongoloid characteristics of enamel extensions,
absence of Carabelli's cusp, enamel pearls, and shovel-
shéping of incisors had an unusually high frequency of
occurrence in pure Eskimo and Indian populations.

In 1959 Kraus (75) analyzed in detail the occur-
rence of the Carabelli's trait in Southwest ethnic groups.
He presented a four-fold classification of the Carabelli's
trait and used it in determining the frequency of its
manifestation in the Southwest Indians. All observers
concurred that Mongoloids had a low frequency of Carabelli's
cusp. Comparisons with the reports of other'lndian tribes
as well as other races were made. Contrary to what had

been implied in the findings of others, Kraus felt that
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Mongoloids may have a higher frequency of the Carabelli's
gene than do Whites but that modifying genes appeared

to have changed the nature of its expression. Much more
definitive population and pedigree studies are needed to
confirm his contention.

In 1961 Dahlberg (27) discussed the trend of modern
dentitions toward a reduction in size and form of the teeth
as well as the retraction of the muzzle. The implication
that reduced cusp number was accompanied by reduced size
was confirmed; and therefore, changes in morphology affected
the dimensions of a tooth, assuming that they were from
populations having a common genetic background.

Two years later, Dahlberg (29) published a paper on
the analysis of Amerindian dentitions in which he discussed
the size of tooth crowns, the frequency of Carabelli's
cusp, and the protostylid and the variability of molar
Cusps and cusp patterns. His findings indicated that only
the Australian Aboriginal and the East Greenland Eskimo.
exceeded the American Indian in tooth size and that
Carabelli's cusp played a small part in the function of
the Amerindian dentition. He also described the seven
gradations of intensity of Carabelli's cusp as well as
the five classes for protostylid expressivity. He re-
affirmed that the last cusp to be added in tHe evolution
of the maxillary molar was the hypocone which tended

toward marked reduction or complete absence. In all
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Amerindian groups the lower first molar was, with few
exceptions, a five-cusped tooth.

In the same year, 1963, Dahlberg (28) published
another article on dental traits as they applied to
identification of disaster victims and of familial re-
lationship problems. He reviewed the dental traits and
structures that were common to all men vet emphasized
that there were enough different degrees in expression
and in frequency of occurrence to distinguish one population
from another. These differences permitted strong arguments
in statisfica] probability and thus allowed their use in
identification of individuals.

Von Koenigswald (124) in 1964 wrote a fine article
on the importance of teeth in the study of early man. He
listed ten primitive characteristics of the dentition.
They were: (1) presence of wrinkles in the enamel, (2)
presence of shovel-shaped incisors, (3) presence of a
Prominent cingulum, (4) presence of strong canines, (5)
long roots, (6) Dryopithecus pattern, (7) taurodontism,
(8) presence of a protostylid, (9) predominance of second
molar over the third, and (10) predominance of the first
bicuspid over the second. He also listed the modern
Characteristics of the dentition which were: reduction

of wrinkles, loss of the Dryopi thecus pattern, and presence

of Carabelli's cusp.
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Garn (43) in 1966 did a study with monozygotic
twins to determine whether the degree of development of
Carabelli's trait was independent of crown size, cusp
number, groove pattern, and tooth number reduction or
whether, like tooth size and cusp number, it was an inter-
acting dental polymorphism. Results of the study showed
that Carabelli's trait was genetically independent of the
above mentioned factors.

In 1967 Hanihara (54) published his study of the
racial characteristics of the dentition in which he intro-
duced the new term, “Mongoloid dental complex." The term
referred to a combination of crown characteristics that
commonly showed high frequencies in the Mongoloid groups.
The following section reveals how the Libben population

Portrayed this '"Mongoloid dental complex."

Findings And Discussion

- The Libben Indians were no exception to the rule
that Mongoloid populations have a high frequency of shovel-
shaped incisors. See Plate | on page 204. Accordingly
shovel -shaped incisors had been referred to as the most
typical dental character of the American Indian. In the
Present study over half of the upper incisors had pro-
Nounced shovel-shaping, and an additional third was in a
semi -pronounced category. No upper incisor in the sample
Was judged to be negative in the trait. Attrition was

definitely a factor in this aspect of the analysis. By
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the wearing of the marginal ridges, the depth of the lingual
fossa would be lessened and thereby could result in a less
prominent classification of the shovel. See Plate Il on
page 205. No objective method of compensation could be
made to overcome this attritional factor. Table ik on

Page 77 shows the results of the present study for both
upper and lower incisors. As stated previously, the sample
contains 103 skulls, but for the morphology study the 7
infant skulls were not included. The remaining 96 skulls
potentially could have 2 upper central and 2 upper lateral
incisors, each thereby providing an ideal sample of 192
upper centrals and 192 upper laterals and so on for the
lower anteriors. As the table shows, this ideal total

for each tooth was accounted for by adding the number of
observations and the number of teeth missing, not erupted,
gLc,

Note that approximately 20 per cent of the anteriors
could not be judged for the shovel-shaped trait because of
the extreme attrition. Over 60 per cent of the lower
centrals and over 50 per cent of the lower laterals demon-
Strated some degree of shoveling. The doubie-shovel trait
existed when there was a concavity on the labial surface
as well as the lingual, and it often accompanied the shovel-

shape. Table 15 on page 78 presents the fInHings of the

Present survey for this trait.
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Both upper and lower centrals had a higher frequency
of double shoveling than their neighbors, the lateral inci-
sors. Neither the lower centrals nor the lower laterals
had the characteristic to a marked degree, and accordingly
the vast majority of the lower anteriors did not exhibit
the trait at all. Of course, the tendency for these traits
was genetically determined and varied from population to
Population. A comparison of the data of the Libben in-
cisors with other Indian groups, other Mongoloids, and
Other races provided a complete picture of this shovel -
shaped characteristic. As Table 16 on page 80 shows, the
Libben results followed the same pattern as Nelson's (93)
findings on the Pecos Indians, Goldstein's (46) Texas
Indian males, and Hrdlicka's (66) work on Unjted States
Indians and Mongolians.

The scoring of the shovel-shaped trait in this
analysis was based on consistent, rigid criteria and not
subjective judgment. As mentioned before, attrition was
also a major factor. The results of many of the studies
on‘other Amerindian populations which are being compared
in Table 18 on page 84 were not based on such rigid criteria
and were not as affected by attrition. Therefore, their
percentage of markedly shoveled incisors was much higher
when in essence their sample displayed the trait in the
same or lesser degree of expressivity and range of intensity

as the Libben sample which is presently being considered.




80

%9 H9|%0°S€E| #H°0L] == |901 |%h o9|l%c-1el%ccg | -~ |96 896 | Ouue 4fsuelpu| uaqq|T
%L 99| %Y’ Lg%’ | -- |10L %9°T9|BL wE|%L T | -- |GL LS6| s®34400) sina|y

%° 18] == |%0°€L|%0°1 | €6 96| == X0 |S-=7 |101 3
%018 == [%0°L | -= [6Ll |%0°66[ -~ |%0°1 | -- |Szl §| 1561 Bisq|yeg uelpu| ewid

%0°08|%0° Ll -- -= | Of #0°H8|%0° 91| -- --  |og 6461 Moug

pue buaq|yeq | |[ouy uelpuj
X0°18|%0 f1} -= -= |1z %0° 18| %0° 61| -- -- liz 6761 B42q|yeq|ueipu| so|qeng
e -- - -- = Cl¥OERIRLIRI TR A o==52 Jout 6761 uesJopayg| " owixs3y ‘H °3

-- -- -- - == |%1°0Z|%2°0L|%L°6 |%0°0 |%zZI %
-- -- -- -- == | %9°SL|%6°8L %N |%1°1 |06 2| gH6l MOug | | |ouy uelpu]

-- - -- -- == |%0°9S|%0°0%|%0'% | -- |sz &
-- -- -- - == | #MT9E1%9°09(%0°€ | == [€€ £| gh6luisasplon| ueipu| sexay
-- - -- - == | %9°8L|%T"99|%40EL|{%T T |692 Sh6l  d9seq| asauly)y -aswy
ZO'TL|%u LI %26 |%h 1 |8EE | %l wL|%m SL|%E"8 |42 T |wiE 8E6I uos|aN| ueipu| soday
- -- - -- == |%6°86] == |%L°L | -- |91l €61 ©421|pdH| ueipu| xnois
%0°9L|%0° L1 %0°9 |%0°1 |00€ |%0°L9|%0 " #Z|%0°6 |%0°T LLT 0761 0! |p4H| ueipu} *s *qn
A0 (%L | %6762 |%9°65|000°1|%9°C (%2°S (48" 1Z|{%4"0L|000°L | 0Z61 e321|pP4H 21 1ymM °Jowy
Z8°€ (%L LL[9%1°SE|%S"LH]|000° 1| %9 € |%0°8 |%9°2€|%0°95]|000°1 | 0Z61 421 (pP4H oabay -uswy
%0°LS|(%0 EH| -- -= |LE %SLENRS Lw|%0°SL| -- |o% 0Z61 ®)21|P4H owis3
BLOTLI%E 0Z[ == |20 % |HhE (%6 LL|%0°81) -- |%0 % [44E 0Z61 ©2! |P4H esauedep
%0°SL|%0°Sz| -- =2 | &2 %S TY| 06T |%5°8 | == |4 0Z61 ®©)21|P4H ue| [obuoy

%6°95 %0 HZ| %S 1 |%S°6 |H60°1|%z 99|%s €z |%8 1 |%8 L |%60°13
%8789 (%STEL| %01 |%h°€ |80T |%L T8|%S TL|%0°1 |%8°€ [goz 2| 0z61 B2 |P4H asauiyy

[@A0YyS | Jwag| @oed) _m>M__,_._m J9qunN| [AOYS | 1wag |9oed) _o>%-“_+m Jdaquny

Jdojebi3saAu| uoliendoyg
J0S|ou| |eda3e d0S|ou| (BJ3u?d)
S30YY¥ ONV SNOILYINdOd SNOIYVA
ONOWY SYOSIONI 03dVHS-T3AOHS 40 NOLINGIYLSIQ 39VINIIYId

91 378vl



81

Another subject of intense interest to odontologists
had been the occlusal surface patterns of the lower molars.
The evolution of a cone through the stages of cusp addition
to the Dryopithecoid pattern of a five-cusped tooth with a
"Y' formation of the intervening grooves was fascinating.
Almost all early man had this arrangement of five cusps on
the lower molars. Modern man has a simplification of lower
molars both in size and in the cusp-groove architecture.
The lTower first molars of the Libben Indians retained their
ancestral Y5 pattern 92.5 per cent of the time with the
conservative +5 pattern receiving the remaining percentage.
Table 17 on page 82 shows the statistics for all of the
lower molar patterns. The third molar was an extremely
variable tooth and could not be trusted too much for
pattern. The second molar was relatively conservative
but not as stable as the first. The incidence of +5
patterns was much higher than the Y5 in the Amerindian
second molar.

Dahlberg (27) felt that the Pimas were the least
specialized in the trend toward a reduction in the number
of cusps on lower molars because from the available data
they seemed to have a higher frequency of +5 patterns in
the second (69.0 per cent) and third molars (57.0 per
cent) than the other Indian and Eskimo groups available
for comparison. As Table 19 on pages 85, 86, and 87
reveals, the Libbenites surpassed the Pimas in frequency

of +5 patterns in the second molars (70.6 per cent).
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The occlusal surface pattern of upper molars was

also reviewed. The upper molar had 4 occlusal cusps, 1
of which was tending toward reduction or complete loss .
in some populations. The distolingual cusp or hypocone
was the unstable unit; however, this tendency for re-
duction varied from one population to another. Table 18
on page 84 verifies Dahlberg's contention that the upper
first molar was the most stable unit, and the upper third
molar was the most variable. Almost 92 per cent of the
population had the ancestral Cusp pattern of the upper
first molar while the remaining 8 per cent had a slight
reduction of the hypocone. The upper third molars of
these Amerindians did not retain the 4 cusps. Al though
the sample was small, nearly 90 per cent had 3 cusps or
3 cusps plus a cuspule on the distal border. For com-
Parison with other populations, see Table 19 on pages 85,
86, and 87. It indicates that almost all groups had a
high percentage of 4 well-developed cusps on the upper
first molars. As Dahlberg (23) stated:

The East Greenland Eskimo has been reported as having

100 per cent, the Pimas, Pecos, and Texas Indians

following closely by 98 per cent or better. In the

second molar, however, there is a sharp turn in all

groups toward reduction of the hypocone to the 4-

and 3 classifications. The 3 and 3- types are much
higher in the third molar, and irregular forms are

not uncommon.

A relatively recent evolutionary character, the

Carabelli's cusp, had been the object of study by this
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author. It is an accessory cusp found on the lingual

surface of upper molars. See Plate 111 on page 206.

Using Dahlberg's (33) method of classification of Carabelli's
Cusp, the Libben population was surveyed. See Table 20

on page 89. This cusp appeared on the second and third
molar, as well as the first, but in lesser frequencies

and lesser Qradations of intensity. Although it was not

indicated in the table, Carabelli's cusp could be uni-

laterally or bilaterally present. If bilaterally present,
it could be in different degrees of expression; for example,
a pit on one side and a small delineated cusp on the other.

As many other dental characters, Carabelli's cusp was

TR RN AR eacs

genetically determined and therefore, was subjected to
group influences of suppression or aggravation. Dahlberg
(23) reported in 1949 that he found 41 per cent occurrence g |
in the first molar and 8 per cent in the second in American

Whites. A1l cusps that he counted were distinct. Pedersen

(100) reported that none were found on his East Greenland

Eskimo skulls and only | on a second molar in 162 living

East Greenland Eskimos. Additional data on the occurrence

of Carabelli's cusp among various populations was as

follows: 0.0 per cent on Labrador Eskimo molars (Dahlberg i
23), 8.8 per cent on Pecos Indian molars (Nelson 93), 8.0 rw
Per cent on Pima Indian molars (Dahlberg 23), and 24.0 pér
cent on Indian Knoll molars (Dahlberg 23). The present

Study revealed that 6.0 per cent of the Libben Indians j

%%b : 2
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had distinct Carabellij's Cusps on their upper first molars,
and 1.8 per cent had prominent cusps on their upper second
molars.

Another evolutionally significant character, which
Occasionally showed up, was an accessory cusp on the ante-
rior portion of the buccal surface of lower molars,
According to Dahlberg (23), only 11 isolated instances
of protostylids on lower first permanent molars have been
reported in the literature other than in his findings on
Pima Indians and in 1 skull of Indian Knoll. As Table 2]
on page 91 shows, this ancestral trait was present in the
Libben population. Al though none of the lower first
molars examined had a protostylid, it was found in a
little over 1 per cent of the lower second molars and in
5.3 per cent of the lower third molars. See Plates 1V
and V on pages 207 and 208. Various irregularities of
the enamel surface anterior to the buccal groove and pit
were observed. Some authors believed that such irregu-
larities of the surface at the cusp site were a demon-
Stration that the gene or genes for a protostylid were
Present but that a suppressor or modifier gene had changed
the potential expression of the protostylid gene, resulting
in incomplete penetrance of the trait.

Dahiberg (24) examined 80 Pima Indians and found
Cusps in varying degrees of prominence in 31 per cent.

He also reported finding no protostylids in a sample of
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129 Indians, and 58 Eskimos in the skeletal material
available at the Chicago Natural History Museum. Pedersen
(100) found no protostylids on the first molars in 340 East
Greenland Eskimos; however, he did find a few .on the second
and third molars. Moorrees (92) reported no protostylids
among the Aleuts. Leigh (81) likewise failed to find any

on the lower first molars of 324 modern Eskimo crania;

however, an extra buccal cusp was found in four lower

third molars. Snow (119) found one protostylid on the

lower first molar of an Indian Knoll skull. Dahlberg
(24) mentioned as a possible explanation for the high

incidence of the protostylid among the Pimas the fact

that the population seemed to be a highly inbred group
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which had occupied a refuge spot of relative isolation
for many years.

The frequency of occurrence of other dental mor-

phological characteristics was recorded and summarized
in Table 22 on page 93. Five barrel lateral incisors

were observed in the collection of 133 teeth. See Plate

VI on page 209. Dahiberg (23) found 5 barrel laterals in

a sample of 156 laterals from Indian Knoll which was not

as frequent as his 8 per cent figure for the Pimas. His

examination of 25 living Pecos Indians revealed 4 barrel-

shaped lateral incisors. Pedersen (100) in 1949 did not

report finding barrel lateral incisors in East Greenland

Eskimos.
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Bolk (13) published the original report on the
existence of paramolar Cusps on the buccal surface of
upper molars. He believed that these cusps never occurred
in modern populations. In this study, 3 such paramolar
Cusps on the buccal surface of upper molars were found in
370 observations. One is shown in Plate VII on page 210.

In Nelson's (93) article on Pecos Indians in 1938,
he stéted that Leigh was one of the first to describe a
condition in which a point of enamel extended toward the
bifurcation of roots in molars of Mongoloids. Leigh
called this"enamel extension' and noted that it was present
on approximafely 93 per cent of the ancient Polynesian
molar teeth. Whites exhibited this feature in only 27
per cent of their molars. Nelson personally examined

1,155 molar teeth of the Pecos Indians and found that 34

per cent exhibited this feature. As presented in Table 22
on page 93, the molars of the Libben Indians had enamel
extensions present between 42 and 43 per cent of the time.
See Plate VIIIl on page 211, Upper or lower arch location
of the molar made no significant difference in the fre-
quency of occurrence of enamel extensions.

The buccal cusps of lower molars were separated by
grooves which terminated on the buccal surfaqe near the
cervical third of the crown. This groove, which separated
the protoconid from the hypoconid, was very prominent in

some populations and frequently terminated in a pit. It
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was rare in White populations, but in Indians and Eskimos,

on the other hand, a buccal pit of considerable size was
often present and vulnerable to decay. In the Libben

people over 37 per cent of the lower molars examined had

this defect.




CHAPTER VI
DENTAL ATTRITION

Review Of Literature

The usual primitive Amerindian population showed a
characteristic occlusal attrition of the teeth which
existed more times than not to a very marked degree. Such
an observation was reported in the dental literature almost
a century ago by Sozinskey (120) who examined Indian crania
of the Eastern United States. He wrote: "The crown of all
the teeth were worn more or less flat, and to such an ex-
tent that they were nearly on a line with the gums."

In 1895 Smith (117) reported the disappearance of
the cusps from wear in the examination of teeth in 10
Sioux Indians.

Hrdlicka (65) reported wear in the Delaware Indians
and classified it as slight, moderate, and advanced.

Hooten (59, 60, 61) in his analysis of the skeletal
remains of the Madisonville site, Turner site, and Winthrop
site, commented on the presence of wear of the teeth. The
number and corresponding percentage were rechded under the

headings of pronounced, medium, submedium (slight), and

none,

96
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In 1925 Leigh (80, 81) published a work on the
dental pathology of the Eskimo. He defined attrition and
established a classification of attrition based on discrete
criteria which could be looked for objectively and on which
appropriate judgments could be made. He gave the results
of his study using his system of classification and sum-

marized by stating that attrition was an accompaniment of

senility in which it was fairly generalized. In the same

year he reported on the dental pathology of four lIndian

tribes and related their dental conditions to their diet
and environment. Of the four Indian tribes he examined,
the Kentucky crania had the severest attrition (diet of
maize), followed by the Arlkara and Zuni with moderate

wear and the Sioux with relatively little wear (diet of

meat).

Rihan (106), Bentzen (11), Juett (71), and Fisher
(39) described the extreme attrition of precolumbian

Indians. A concensus was that this universally present,

characteristic was caused by sand and gritty material in
the food and not necessarily by advanced age. They de-

scribed the various degrees of wear from enamel facets to
pulp exposures and the ensuing pathological consequences.

Sedwick (113) referred to attrition as the most

common dental lesion found in the New York Indian crania
that he studied. He used Leigh's (80) definition and

classification of attrition as a guide.
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Funkhouser (41, 42) in his study of the osteological
material from the Norris and Wheeler Basins of the
Tennessee River stated that, in general, the teeth were
in bad condition and that severe attrition was present
in practically all of the teeth of the adults. |In some
cases the cusps were worn off, and the enamel was-lost
from the entire surface. He did not classify his results,
thereby preventing comparison with the present findings.

Among the Shell Mound Indians of the Pickwick
Basin of the Tennessee River, Newman and Snow (96) found
tooth wear to be a prominent characteristic in the ma-
jority of the crania unearthed. Charles E. Snow contri-
buted the physical anthropology sections to a series of
reports by William Webb (125, 126, 127) on various Kentucky
mounds. These volumes were published by the University of
Kentucky's Department of Anthropology and Archaeology in
the early 1940's. Snow analyzed the skeletal remains of
the C. and 0. mounds, the Riley, Landing, and Crigler
mounds, and the Hartman and Grave Creek mounds. All
these mounds plus numerous others not listed were part of
the Adena Complex within.the state of Kentucky and were

summarized in one publication, The Adena People by Snow

(118).

Without exception the teeth of these various
Amerindian populations showed a pronounced degree of wear

which occasionally was so deep into the dentin that the
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pulp was exposed. Snow (119) in 1948 reported on the
dental phenomena of Indian Knoll and emphasized that most
of the teeth present in the jaws of the adults had pro-
nounced wear, particularly of the upper first molars,
with pulp exposure and abscess as common sequelae. In
none of his many surveys of skeletal remains did Snow
make any attempt to classify objectively the degree of
attrition, to record the number in the sample, or to
record the locations and identities of the teeth which
were worn. As a result, comparison with these various
Kentucky Indian groups was impossible.
Lewis (83) in 1961 made a study of the Eva site in
the Kentucky Basin and stated:
Shovel-shaped incisor teeth are difficult to observe
because of the excessive wear on the teeth of most
crania. Tooth wear is excessive in most of the
adult Eva crania . . . . Most of the enamel crowns
are often worn off, leaving merely the root portions.
Neumann (95) just last year found "pronounced
dental attrition" in his study of the paleopathology of
the Archaic Modoc Rock Shel ter inhabitants of Illinois.
Neither Lewis nor Neumann analyzed the attritional factor
Objectively so that comparative studies with the Libbenites
could be made. .
Rabkin (103, 104) analyzed the dental_conditions
among prehistoric Indians of Kentucky (the Indian Knoll

collection) and Northern Alabama. In lengthy discussions

he refuted the idea that the degree of wear of teeth
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always corresponded to the approximate age of the individual.

Variations in diet, tooth structure, genetic makeup, and
rate of secondary dentin formation were possible reasons
that, among some, wear occurred more rapidly than among
others. He contended that excessive and rapid attrition,
not caries, lead to the morbid dental picture usually
revealed by his cranial material.

In 1947 Pedersen (99) was in East Greenland study-
ing the dentitions of pure Eskimos. He observed severe gen-
eral attrition of the teeth during maturity of males as
well as females. The teeth were often “worn down to the
gums' ; however, the exposure of the pulp was rare because
of the abundant formation of secondary dentin which pro-
tected the pulp. The attrition was generalized, even,
and slow, but the rate was constant.

In another publication Pedersen (98) compared the
degree of attrition of primitive and urbanized Greenland
natives. He showed that attrition increased with age but
decreased with urbanization. Al though the females used
the teeth to prepare seal hides for domestic purposes,
the male Eskimo displayed a little less wear of his teeth
than the female. This refuted a popular explanation of
excessive wear of the primitive Eskimo's teeth. Their
diets of fresh meat and fat were not particularly abrasive,
but diets of dried meat and fish gave an abrasive quality

to the food which required strenuous and prolonged chewing.
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Pedersen contended that their heavy attrition was caused
in part by such vigorous and prolonged mastication rather
than by the abrasive nature of their food.

Mehta (87, 88) in 1966 studied Arkansas lndian
skulls and assessed the attrition of 616 teeth in 21
skulls using Broca's classification. A considerable amount
of attrition was observed on all teeth. About 75 per cent
of the teeth analyzed were either in Stage Il or 111
attrition. Mehta attempted to actually calculate the
exact amount of occlusal attrition by measuring the crown
heights and comparing them with unabraded teeth of modern
man. To determine the amount of proximal wear, he measured
the mesiodistal diameters of the teeth and compared,}hem
with those of modern man.

To the author's knowledge, this was one of the
first attempts to calculate the exact amount of proximal
wear and to relate this information to other races, popu-
lations, and diets. Largely ignored by previous investi-
gators, proximal attrition could make a meaningful con-
tribution to the total picture of the dentition of the
Amerindians. Some workers tried to judge the amount of
proximal attrition by measuring the distance of the mesial
surface of the crown of the lower first molar to the men-
tal foramen and comparing this distance with that of
modern man. Because there were variations in the position

of the mental foramen and the comparison involved different
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evolutionary times, the method lacked the accuracy to be
of significant value.

In 1954 Begg (9) examined the skulls and mouths of
Australian Aborigines and recorded the attrition of their
teeth. Begg observed the extreme proximal wear and
accordingly developed the theory that, to compensate for
this extensfve attrition, the teeth in the Stone Age man

were greater in mass than the supporting bone. His re-

search revealed that 5.28 millimeters of tooth substance

were lost per quadrant prior to third molar eruption.
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Begg felt that this proximal wear with resul ting mesial
migration of the teeth was responsible for the low inci-
dence of malocclusion and third molar impaction in
Austra[ian Aborigines.

Nelson (93) in his treatise on the Pecos Indians
used the four degrees of attrition as a classification
and found that the majority of the skulls exhibited Stage
Il and Stage |1l of attrition.

Goldstein (45, 46), using his own classification,
reported that a major proportion of the Texas Indian
crania manifested considerable dental attrition (medium

and pronounced). He took note of the fact that there was

a lack of extensive secondary dentin formation. The pulp
cavity was thus exposed relatively early with a considerable

amount of the tooth remaining. This was in contrast with

his Eskimo findings in which the teeth were commonly worn

to the gum before the pulp cavity was exposed.
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Drennan (36), Sarnas (108), and Jarcho (70) con-
tended that although attrition often caused serious de-
struction of the teeth it endowed the communi ty with
essentially an immunity to dental caries. These men also
believed that the smoothing out of the fissures between
the cusps may have been a factor in prevention of the
disease. Aé a result, earlier populations exhibited

higher degrees of wear but lower incidence of decay. The

converse of the situation was true for modern populations.
The observation that occlusal caries decreased with age
as a direct effect of the attrition increasing with age
was made by Sarnas (108). The implications of his ob-
servation were contrary to most of the previous work
describing the relationship of caries and age.

The following section will demonstrate how the
Libben population conformed to the attritional pattern of
Prehistoric dentitions. Comparisons will be made when

Possible with the other populations reviewed here.

Findings And Discussion

Occlusal and proximal attrition were prominent

characteristics of the teeth of the Libben Indians regard-

less of age group. Slight to severe degrees were observed

from skull to skull and from tooth to tooth within the
same dentition. To estimate the actual amount of occlusal
attrition, a five point scoring system was used. See

legend of Table 23 on page 104 and Plates IX to Xill on
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Pages 212 to 216. Illustration 5 on page 106 from
Hirschfeld (58) shows a diagrammatic cross-section of a
lower molar and outlines the progressive changes in
occlusal wear.

Table 23 and 24 on pages 104 and 107 show the
attritional pattern of the deciduous teeth in infants
and children. As could be expécted, the primary teeth
of the children in the mixed dentition group showed a
greater amount of wear than the primary teeth of the
infant group. One fourth of the primary teeth in the
mixed dentition group had total dentinal exposure with
inverted-cusp pattern compared to 0.0 per cent in the
infants. Conversely, one fourth of the primary teeth
had no evidence of attrition in the infant group com-
pared to 0.0 per cent of no attrition in the children._
Pulp exposure and complete crown loss due to attrition
were not seen in this deciduous sample. Also noted was
the fact that the incisors had a greater rate of wear than
the other teeth in these deciduous dentitions. Tables
24 B, 25, 26; and 27 on pages 107, 108, 109, and 110
show the progression of attrition in the permanent den-
tition of these people. In the mixed dentition, only 2
out of 71 permanent teeth observed were worn sufficiently
on the incisal edge to expose the dentin, Over half of

the teeth in this group had no signs of wear and there-

fore, were rated a zero score. In the young adults,
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I1lustration 5.--A diagram of a diagrammatic cross-

section of a lower molar, outlining progressive changes in
occlusal wear.

A.

B.

Normal convexity of cusp (not worn).

(Left) Small facet making its appearance at the
beginning of occlusal wear.

(Right) Concavity which may appear on the lingual cusp
at some stage.

Almost complete disappearance of the buccal cusp with
a slight exposure of dentin, the lingual cusp being
only partly worn away.

Buccal cusp completely missing and the concavity now_
formed in the dentin having its greatest depth opposite
the part of the original cusp=-line G.

Concavity in the dentin of the lingual cusp, the enamel
in the center of the occlusal surface being still in

evidence.

Disappearance of enamel in center of occlusal surface
and fusion of the concavities in the dentin,
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however, the destructive tendency could be perceived.
Fifty per cent of the 258 teeth in the group had wear
facets in the enamel, and an additional 35 per cent had
dentinal involvement in the cuspal and incisal areas
although the cusp pattern was maintained. As in the
deciduous dentition, there was a marked tendency for the
rate of wear of the incisors to be higher than that of
the molars. Over half of the incisors and only a fourth
of the molars in the young adult group had exposed dentin.
Eruption time, tooth form, occlusion (end-to-end bite),
and enamel thickness were important factors and were
potential explanations for the higher rate of incisor
wear. The trend for heavy anterior function was definitely
present and could be meaningful. Table 26 on page 109 of
the adult group continues this story of attritional de-
struction. Note that about 25 per cent of the teeth had
total dentinal exposure with a corresponding inverted-
Cusp pattern in posteriors. Accordingly, over 75 per
cent of all teeth in the adults had sufficient wear to
result in exposure of dentin. The tendency for heavy
anterior function was even more obvious, with over 50

per cent of the incisors having total dentinal exposure
compared to 26 per cent of the molars. The cuspid rate
of wear was similar to that of the molars (25 per cent
with third degree wear) while the premolar rate was much

less (10.5 per cent with third degree wear). This was
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understandable considering the normal eruption pattern.
Table 27 on page 110 shows the final phase of the de-
structive process. The senile”group had almost 11 per
cent of their teeth lacking the crown or having an ex-
posed pulp due to attrition. Periapical abscesses were
frequent sequelae of such severe attrition. See Plate
XIV on page 217. Complete loss of the occlusal enamel
resulting in total dentinal exposure had risen from 25
per cent of the teeth observed in the adults to 54 per
cent in the seniles. See Plate XV on page 218. These
findings on the permanent teeth are summarized in Tablg
28 on page 113,

A classic frequency distribution could be computed
from the totaled data. The heavy anterior attritional
Component was especially evident when compared to the
other tooth types. Fourth degree and fifth degree
attrition were the exposure of the pulp and the complete
wearing away of the tooth respectively. The incisors had
the greatest percentage in these two categories than all
the other tooth types combined. The attritional scores
are compared with the various age groups in Table 29 on
page 114,

It could be determined from the mean scores that
in the Libben population as in others reported in the
literature the degree of attrition of any given tooth

was directly proportional to the length of time the
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tooth had been in function. This usually was directly
related to the age of the individual. Diet, vigor of
mastication, and culture could affect this otherwise
obvious correlation. The proportionality was true for
both deciduous and permanent dentitions. Al though ob-
jective studies in occlusal attrition were 1 imited and.
varied in criteria for classification, technique of
obtaining data, and size and type of sample, comparison
was made with other populations. See Table 30 on page
116. The Libben Indians followed the trend of most of
the other groups compared. Stage Il and 111 (Medium and
Pronounced) wear was the classification appropriate for
the majority of teeth in the majority of the populations
listed in Table 30 on page 116. The Delaware, Pecos, and
Texas Indians had a greater percentage of their teeth

in Stage |1l and IV than the other groups compared in-
cluding the Libbenites.

Proximal attrition was also considered in the
present analysis. Table 31 on page 117 reveals the
results of this investigator's objective method of deter-
mining the amount of proximal attrition. A general scan
of the data would yield the impression that the proximal
attrition was fairly uniform in the posterior segments
between teeth of similar size. Trends for uﬁper proximal
wear to be greater in amount than for lower contact areas

~and for premolars to have slightly more wear than molars
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TABLE 31
PROXIMAL ATTRITION

- Number Of Mean
Location Observations Attrition
uZen 6| L7 470 mm.
I 6 -7 L5 460 mm.

Upper Molars 92 465 mm.
7 - 6] 42 440 mm.

i 6 - 7 39 430 mm.
Lower Molars 81 435 mm.
_jL;;JiJ 5k 470 mm.

L& -5 49 470 g
Upper Premolars 103 470 mm.
5 - 41 52 450 mm.

| 4 - § 55 460 mm.
Lower Premolars 107 .455 mm.
Total Molars 173 450 mm.
Total Premolars 210 468 mm.
Total Uppers 195 468 mm.
Total Lowers 188 445 mm.

s oy e = 3
S W T, T =

e e e e e
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could not be considered significant. The reasons were:
(1) because of the anatomy of the contacting surfaces,
(2) because of the eruption times of the teeth involved,
and (3) because of the small difference in the data.
These three factors must be carefully evaluated before
conclusive statements about such trends of proximal
attrition could be made. Since this was the first time

the method was tried, the significance of small differences

in the data was not known. Applying the technique to
other skeletal collections and comparing the findings
should yield some judgment on the use and 1imitations of

this proposed method of measuring proximal attrition.




CHAPTER VI |
DENTAL PATHOLOGY AND ANOMALIES

Review Of Literature

Oral disease was very prevalent in the Libben

Indians. Caries, periapical abscesses, enamel hypoplasia,
and erosion were the major dental maladies which afflicted
the population. In this chapter oral anomalies such as
congeni tal absence or impactibn of teeth, malformation

of teeth, and bony overgrowths will also be discussed.

In 1883 Barrett (7) examined the teeth of certain

prehistoric American races which were part of the Peabody
Museum collection. Although his description of his ob-
servations was made 85 years ago, it could gpply to the

present sample as well.

In the jaws of all the people whose skulls | exam-
ined, | found traces of all the diseases known to
modern dentistry. There was caries of the most for-
midable character, black, white, and brown. There
were the marks of abscesses which devastated great
regions of tissue. There was necrosis which had
caused the loss of great sloughs of bone . :
There were great masses of tartar enveloping all
the teeth in the jaw. There were indications of
all kinds of inflammation of soft tissues. There
were exostoses and hypertrophies, absorptions and
malformations, denudations and abrasions, exfoli-

ations and irregularities.

Hrdlicka (62) in 1909 while studying the dentitions

of the Louisiana and Arkansas Indians made the observation

119
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that the first teeth to be affected by caries, both in
frequency and time, were the molars, especially those of
the lower jaw. In his work on the Delaware Indians,
Hrdlicka (65) reported that females had a higher rate of
decay than males and reiterated his previous findings
that the first teeth lost or decayed were the lower molars.
Hooten (59, 60, 61), Fisher (39), Funkhouser (41,
42), and Newman and Snow (96) in their work on various
Indian sites consistently mentioned that caries were
common and present in almost every conceivable size,
shape, and condition, that supernumeraries were occa-

sionally seen, that third molars were reduced in size,

impacted, or missing, and that abscesses were numerous

and affected incisors as well as molars. None of these
men revealed exact data as to the frequency, location,
and extent of these pathologies and/or anomalies. The
mere mention of their presence was insufficient to make
comparative studies with the Libben population findings.
Similarly Snow in reports by Webb (125, 126, 127) and in
his own publications (118, 119) casually referred to the
Presence of decay, supernumeraries, abscesses, and exos-

toses in Adena and Indian Knoll material but -specific,

useful information had not been provided.

In 1925 Leigh (80) compared the incidence of caries

and periapical lesions of the Algonquins, Sioux, Arikara,

and Zuni Indians. He described the two most susceptible
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areas of their teeth as: (1) sulci or pits on the occlusal
surface and buccal pit of lower molars, and (2) exposed
cementum at the cervix following atrophy of the gums.

The latter was named senile caries because exposure of

the cervical ceméntum was subsequent to marked attrition,
loss of contact, or loss of teeth and because there were
no cases in children or young adults. The incidence of
caries increased with age on this highly susceptible area.
The lower second molar was the most often affected. The
incidence of periapical lesions seemed to parallel that

of caries when comparison of degree of severity was made

among the four tribes. Developmental hypoplasia, super-
numerary teeth, palatal tori, and temporomandibular joint
arthritis were infrequently present in his samples.

Leigh (81) also studied the dental pathology of
the Eskimo. Only 4 carious lesions were found in 395
crania. Obviously resistance to dental caries was greater
in the Eskimo than in any tribe of American Aborigines..

However, almost 19 per cent of the Eskimo crania had

alveolar abscesses as a result of attritional pulp ex-

Posure, tooth fracture, and periodontoclasia.

Bentzen (11) in 1929 found that the Mimbres people
were not immune from caries. The outstanding feature of
the caries was that 80 per cent of it occurred at the cer-

vical line. The most frequent location was on the dis-

tocervical surface of upper molars.
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Bodecker (IZ)_in 1930 wrote an article discussing
the defects in the enamel of teeth of ancient American
Indians. Although the theory had been accepted that enamel
fissures or flaws and pits in the protective covering of
teeth were of modern origin, Bodecker discovered that the
ancient Amerindians had the same type of defects. Yet it
did not predispose them to caries. He gave possible
reasons why the teeth of the Indians did not decay in
spite of the defective enamel fissures and buccal pits.
They were: (1) energetic mastication of coarse, gritty
food, (2) natural, unrefined low-carbohydrate_diets, and
(3) normal health which maintained resistance. He be-
lieved that the formula for rapid and excessive attrition
was thorough mastication of gritty food which yielded
early obliteration of enamel fissures within three to five
years after eruption of the tooth. Therefore, decay was
most rampant and the tooth most susceptible during the
first three post-eruption years.

Sedwick (113), Leigh (82), Rabkin (104), Webb (128),
Goldstein (46), Mehta (88), and Sarnas (108) recorded the
percentage of the skulls with carious teeth in their
samples of various Indian tribes. Occlusal and buccal
Pits were mentioned most frequently for the younger seg-
ments of the population, but cervical caries after gum

recession was the rule for the older members of the

groups. Supernumeraries and congenital absence were
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reported mostly involving upper anteriors and third molars
respectively. Enamel hypoplasia was mentioned in each of
the above studies. Pits of various sizes were observed
along with deep bands or grooves of poorly developed
enamel and dentin across the labial and bucéal surfaces

of the teeth. Both Leigh and Webb theorized that these
areas of hypoplasia were due to either a congenital defect
or more likely to a severe nutritional disturbance or ill=-
ness early in the life of the individual.

These primitive tribes were generally considered
to be superior to modern civilized peoples in their dental
equipment and dental health. The possibility that the
superiority might have been in chemical differences in
tooth composition or that‘their primitive diet might have
produced a different sort of calcified product was ex-
plored.

French (40) and others made calcium, phosphorus,
and carbon dioxide determinations on all the dentin and
all the enamel of 32 precolumbian teeth. It was revealed
that as for modern teeth there was a remarkable constancy
of composition of enamel and dentin. Especially for
calcium and phosphate contents, precolumbian teeth and
modern teeth have nearly identical chemical composition;

in fact, the calcium and phosphorus values were near the

theoretical for hydroxyapatite. Therefore, the superior den-

tal health of precolumbian Indians could not be attributed
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to major differences in the principal inorganic con-
stituents,

Congenital absence of third molars and upper
lateral incisors had been the subject of investigation
by many. Hellman (56), Pedersen (100), Dahlberg (24),
Goldstein (46), and Brothwell (15) have published their
findings in the distribution of missing third molars and
lateral incisors in the various populations of the world.
Missing teeth are a genetic trait which was thought by
some to be an abnormality and by others to be a variation
within the range of normality. lInheritance and occurrence

of certain types of illness or dietary deficiencies at

certain periods in the development of a tooth had been
proposed as possible etiological factors. However, most
geneticists seemed to agree that anodontia and ol igodontia
were caused by a detrimental mutant gene and that indivi-
dually miséing teeth were phenotypic expressions of such
genes.

The occurrence of supernumerary teeth was investi-
gated and reported by many dentists and anthropologists
including Klatsky (74), Tratman (122), Stafne (121),
Leigh (82), Pedersen (100), and others. Klatsky (74) in
1956 made an extensive study of the incidence of 6
anomalies of the teeth and jaws, one of which was super-=
numerary teeth. In Klatsky's report he stated that

supernumerary teeth occurred in the lower primates (1.3
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per cent) at a much higher percentage than most investi-

gators found in humans, even exceeding the highest estimate

in the human given by Stafne (121) in 1932 on White
Americans. He examined 48,550 patients with the use of
x-ray and found an incidence of 0.9 per cent. It was
felt that supernumeraries were also caused by mutant
genes, hehce their hereditary distribution within a
population. :

Torus palatinus is a bony growth along the median
suture of the hard palate, and torus mandibularus is a
bony growth on the lingual surface of the lower jaws in
the premolar region. Both were considered by some to be
an abnormality of a hereditary nature.

Ju Kang Woo (134) in 1950 made a review of tori
and refuted the theories that they were caused by presence
of palatine glands, by the pressure of mastication, by the
recurrence of primitive ancestral characters, or by the
irritation of the mucous membrane of the hard palate. He
contended that a torus was a normal anatomical variation,
had no connection with pathology, was specifically a
hominid character determined by heredity, and varied in
size and form. He also found that a torus grew with
maturity and ceased with age, was slightly more prevalent
in females than males, and had the greatest.frequency of

occurrence in Mongoloids (Eskimos, Amerindians) than in

any other race.
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Another area of study had been the reductidn in the
size of some teeth. The formation and development of a
tooth are controlled by a gene complex. The pattern,
size, and shape of each tooth are regulated by different
genes and gene modifiers. Phenotypic change in the size
and form of a tooth is due to an alteration in one or
more of the gene modifiers as distinguished from those
genes which are actually responsible for the formation
of a tooth. Dahlberg (23) contended that some teeth were
stable and others variable. The lower central incisors,
upper lateral incisors, the second premolars, and second
and third molars were the unstable teeth. This vari-
ability factor explained why they were more susceptible
to reduction than others and often developed in reduced
size and abnormal shape. Such reduction and éhange in
shape had been reported by many of the previously men-
tioned authors in their surveys of various Amerindian

populations.

Findings And Discussion

Coronal and radicular caries were the two main
types found in an analysis of this sample. In the
young age groups caries occurred most frequently on the
occlusal surface where it had invaded the pits, fissures,

and enamel defects. Pits on the buccal surface of lower

molars were also attacked. See Plates XVI to XVIIl on

pages 219 to 221. Smooth surface caries occurred very
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infrequently in the young segment of the population. As
adul thood was reached and recession of the gingiva began
thereby exposing the cervical cementum, another type of
caries became prevalent and in some cases rampant.
Radicular caries was observed on all exposed root sur-
faces, but it occurred mainly on mesial and distal root
surfaces of the posterior teeth. See Plates XIX to
XXI11 on pages 222 to 226. Heavy occlusal and proximal
attrition and periodontal bone destruction were common
companions of this radicular caries. Because of the
time of occurrence, location on the tooth, and associated
destructive lesions, radicular caries seemed to have a
certain fortitude which rapidly led to the loss of the
tooth via pulp exposure and periapical abscess. See
Plate XX1V on page 227. Table 32 on page 128 is a sum-
mary of a complete breakdown of caries location and fre-
quency versus age. For more detailed information, the
reader is referred to the Appendix on page

Root caries occurred in the deciduous dentition as
well as in the permanent. The table reveals that the
distocervical was the most frequent carious surface for
the entire population. This finding was the same as
Bentzen (11) had reported for the Mimbres. The occlusal
surfaces followed by the buccal surfaces were the most
vulnerable areas for attack by coronal caries. As pre-

Viously mentionéd, these two surfaces had the enamel pits
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and fissures and other aberrations which invited food
retention and its destructive consequences. For both the
adult and senile groups, radicular caries was significantly
more frequent than all other types of coronal caries.

Table 33 on page 130 relates the number of tooth surfaces
Present in each age group to the number of surfaces that
were carious.

Percentage of radicular caries increased with age
while the percentage of coronal caries decreased. Radi-
cular caries was present in 7.4 per cent of the surfaces
in the senile age group. This was its highest frequency
which was more than three times the highest percentage of
surfaces affected by coronal caries, Almost 50 per cent
of the lesions had their initiation at the cervix on the
proximal surfaces. This was similar to the resul ts of
Leigh (82) in his study of the California Aborigines in
which the proximocervical cavities predominated by more
than 50 per cent. Table 34 on page 131 continues this
description by showing the distribution of caries in
individual teeth of both the upper and lower Jjaws.

The lower central incisors had the lowest caries
rate followed by the upper centrals and the upper and
lower laterals. As could be expected, the molars had
the greatest frequency of decay. More than 50 per cent
of the lower second molars were carious which was more

than any other tooth in the sample. This was similar to
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the findings of Leigh (80) in 1925. The lower first,
second, and third molars had a greater rate of decay
than their upper counterparts. Upper cuspids had almost
three times the amount of caries as lower cuspids. Caries
prevalence in the Libben Population as assessed by per-
centage of teeth present which were carious appeared to
increase with age of the individual until senility was
reached. Actually, in advanced age premortem tooth loss
was high, and thus it was evident that the true rate for
seniles was necessarily underestimated. Unlike contem-
porary populations the children and young adults had
little decay. The adults experienced thirteen times the
dental caries as the Juveniles; this was a significant
factor which was unique among primitive Amerindians pre-
viously studied. Of the 2,580 teeth in the sample,
almost 23 per cent (577 teeth) were carious. This was
very high compared to other Indian populations.

Mehta (88) in his study of Arkansas Indians found
L.5 per cent of the teeth to be carious. Webb (128) in
his study of the Louisiana Indians and Bentzen (11) in
his study of the Mimbres found 12 per cent and 8 per cent
of the teeth to be carious respectively. Table 35 on
Page 133 shows the distribution of caries by surfaces
both for the upper and lower jaws. Much of the factual
information and interrelationships of the findings was

verified in this table. An average of 5.5 per cent of
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the tooth surfaces in each individual of the sample was
carious. There were more upper tooth surfaces decayed than
lower. This was considered a valid observation because the
number of upper teeth present in the sample (1,294) was
essentially equal to the number of lower teeth (1,286).
Caries affected 683 surfaces of 549 teeth in the 88 adults
which meant that 1.25 surfaces were involved per carious
tooth.

In order to summarize all the resul ts of the caries
aspect of the analysis, Table 36 on pages 135 and 136 was
compiled. The number of carious teeth and surfaces was
related to the ideal number of teeth and surfaces of each
group as well as the number of teeth and surfaces actually
Present. The average number of carious teeth and surfaces
per skull of each group was also computed. The mean per-
centage of carious teeth was calculated for each age group
by dividing the sum of the number of carious teeth present

and the number of premortem tooth loss by the sum of the

number of teeth present and the number of postmortem tooth
loss. Two assumptions were made in the computation of this
mean percentage: (1) that every tooth lost premortem was
carious, and (2) that every tooth lost postmortem was not.

The mean percentage of carious teeth demonstrated the

rapidly decreasing dental health of the individual Libbenite

as he grew older. The mean of 33 per cent for adults was

more than triple that for the young adults and less than




135

TABLE 36

I NDTANS

SUMMARY OF CARIES ASPECT OF THE LIBBEN
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TABLE 36--Continued

SUMMARY OF CARIES ASPECT OF THE LIBBEN INDIANS
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half that for the seniles. This amplified the finding that
the percentage of teeth present that were decayed increased
by more than 50 per cent from adul thood to senility. Of
course, this was simul taneous with the increase in number of
carious surfaces by 100 per cent from adul thood to senility.
This occurred in spite of the fact that the premortem loss
of teeth had increased. Therefore, the results of the pres-
ent study were at best an underestimation of the true caries
picture of the adults and seniles in this population. To
clarify the caries picture in these adult and senijle age
groups, the following explanation is given. There were 59
adult skulls which had 173 teeth lost premortem compared to
19 senile skulls which had 194 teeth lost premortem. This
was why the average number of carious teeth per skull be-
tween the two groups was about the same while the average
number of carious surfaces per skull between the adults and
seniles had increased significantly.

I't would have been an understatement to say that
caries plagued the Libben Indians. Only 3.4 per cent of
the people with permanent dentitions were caries free, and
conversely 96.6 per cent had one or more cavities. This
was extremely high among the American Aboriginal populations.
By referring to Table 37 on page 138, which reviews the
Percentage distribution of caries and alveolar abscesses of
various lIndian populations, which had been studied during

the past 50 years, it can be seen that the Libben Indians
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TABLE 37

POPULATION COMPARISON OF THE FREQUENCY
OF CARIES AND ABSCESSES

cw 6
Qoo Q=0 wn
Oyt O — 0
(VI s T OO w
Population Investigator el gs33
03 0 &~ 0
o8s | 38<;
oo — 0 £

ﬂ-q_z D.q__‘t'

S At
Madisonville Indians Hooten 1920 |d" 22.0% Li 0%
2. .63.0% 21.0%
Turner Indians Hooten 1922 20.6% 24 1%
Kentucky Indians Leigh 1925 30.0% L8. 0%
Sioux Indians Leigh 1925 1. 0% 16.0%
Arikara Indians Leigh 1925 28.0% 35.0%
Zuni Indians Leigh 1925 75.0% 52.0%
Eskimo Leigh 1925 1.0% 18.8%
Pecos lndians Bodecker 1930 3.0% -
Wisconsin Indians Fisher 1931 24, 0% --
Pecos Indians Rihan 1932 L7.9% 26.0%
New York Indians Sedwick 1936 90.0% L1.6%
Pecos Indians Nelson 1938 L8.0% --
Pickwick Indians Newman & Snow 1942 Ly 0% 39.0%
Kentucky Indians Rabkin 1943 21.0% --
Louisiana Indians Webb 1944 70.0% ?0-0%
East Greenland Eskimo Pedersen 1947 0.4% Lt
Texas Indians Goldstein 1948 |5 32.5% 30-704
Q 37.0% 22.7%
Indian Knoll Snow 1948 |0 30.7% --
L 27.11-:5: --
American Whites Dept HEW 1962 99. 4% g
Indian Knoll Sarnas 1964 |o” 42.0% mE
Lyl
Arkansas Indians Mehta 1966 - 27 zind
Libben Indijans Fanno 1968 96.6% 70.5%

—




139

had the highest pPercentage of caries and alveolar abscesses
of any Amerindian population thqt had been reported to
date.

In fact, the results of this analysis were close to
the United States Department of Health, Education, and
Welfare's (123) statistics of 1962 on the dental health
of contemporary Americans. Less than 1 per cent of living
Americans were found to be caries free. Sedwick's (113)
study of New York Indians was the only other analysis in
which the percentage of caries Occurrence within a popu-

lation approached the present findings. This was in com-

pPlete contrast to Pedersen's Eskimo findings. Only 0.4
Per cent of the individuals in his sample had one or more
carious teeth. The percentage of Libben Amerindians with
alveolar abscesses was almost double that of any other
population.

Such unique results demanded explanation, and al-
though only theories could be made, such discussion may
be meaningful. Was the experimental accuracy of previous
work 1limited, or did a composite effect of genetic, en-
vironmental, and dietary factors predispose the Libben
Indians to dental caries? The answers are not known, but
certain facts are known. The cementum of their teeth was
more prone to decay than the enamel even in areas of
developmental defects. Cemento-cervical caries was

accompanied by marked attrition, a flat occlusal table,
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wide proximal contact area, and periodontal bone destruction.
This combination of factors promoted interproximal food re-
tention which literally feed the invading bacteria within
the dentin of the tooth.

Microradiographic sections revealed that these
lesions were definitely acquired premortem. Pulpal re-
SPonse to dentinal alteration had been dramatic as seen By
the presence of reactionary dentin at the pulpal ends of
the tubules involved in the superficial damage. The marked
change in the dentin indicated clearly the pathway of the
lesion. In the microradiographs the affected dentin showed
numerous characteristics which resembled those of carious
lesions in modern teeth. See Plates XXV and XXVI on
Pages 228 and 229. These included regions of decreased
mineral content, areas of occluded tubules, and hyper=-
calcified bands in the deeper regions of the lesion. An
interesting observation was that occlusion of the tubules
as well as the hypermineralized bands seemed to have made
these affected regions of the dentin impervious to the
Postmortem structural changes that occurred in the re-
maining dentin. Hence the tubules' present appearance
after 1,100 years of interment was understood.

Other aspects of the analysis included variations
in tooth number, variations in ‘tooth size and form, and
Osteological evidence of disease and trauma. Only 3.4

Per cent of the present sample of skulls had congenitally
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missing third molars. As Table 38 on page 142 reveals,
all of the populations pPreviously studied had a higher
percentage of missing third molars. For the most part
third molars in this Population were useful, functional
teeth that carried their part of the masticatory load.
Occasionally impaction, reduction, or congeni tal absence
affected the third molar, but the incidence was not as
high as in some other Indian and Eskimo groups.

In addition to third molars, the anomalous shape
and congenital absence of lateral incisors héd been re-
ported in almost all population groups. These were re-
lated phenomena for in the same family or individual one
of these anomalies was frequently accompanied by another
(Dahlberg 23). For example a barrel lateral was fre-
quently found present when lower second premolars or third
molars were anomalous or absent. All of these teeth had
been classified by Dahlberg as variable teeth. Although
the reports of congenital absence and anomalous shape of
upper lateral incisors varied in different populations,
the average was rather low as seen in Table 39 on page
143. Because of the variance of reports on the same
Populations, caution must be taken in comparisons. Gen-
erally speaking, however, the incidence of these conditions
was lower in the Amerindian than in other groups.

In the present sample no'skull indicated the con-

genital absence of an upper lateral incisor; however, 5
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TABLE 38

PERCENTAGE DISTRIBUTION OF MISSING THIRD MOLARS

o n

vy O oOCc -
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a o™
Chinese Hel Iman 1928 19 32 .0%
Mongolians Hellman 1928 21 17.0%
Eskimo Hellman 1928 55 13.0%
American Indian Hel Iman 1928 55 13.0%
Australian Aborigines Hellman 1928 20 13.0%
American Negro Hellman 1928 119 11.0%
Pecos Indians Hooten 1930 g -- 8.5%
g e 3.7%
Northwest Eskimo Goldstein 1932 232 15.5%
American White Hellman 1936 g -- 21-7:/:
g -~ 30.8%
Texas lndian Goldstein 1948 173 19.5%
Blackfoot Indian Dahlberg 1949 25 8.0%
Angmagssal ik Eskimo Pedersen 1949 257 26.7%
East Greenland Eskimo Pedersen 1949 81 23.5%
Labrador Eskimo Dahlberg 1949 23 16.0%
Libben lndians Fanno 1968 88 3.4%
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barrel laterals were noted. See Plate VI on page 209.
These results were qui te comparable with those of other
Indian groups. Dahlberg and Snow (23) found no congenital
absence of upper laterals in the Indian Knoll material
while 0.5 per cent and 0.6 per cent were recorded for the
Pima Indians and Texas Indians respectively.

The occurrence of supernumerary teeth had also been
reported in the various populations of the world along with
congenitally missing teeth. Only one supernumerary tooth
was observed in the Libben sample. See Plate XXVII on page
230. It was in the upper right cuspid area and obviously
had contributed to the impaction of the permanent cuspid.
Even though the supernumerary was small in size compared to
the permanent cuspid, the space had closed in the arch and
firm contact was established both mesially with the lateral
incisor and distally with the first premolar. |In Table 40
on page 145 a comparison of the percentage of occurrence of
supernumerary teeth among the various populations of the
world is presented. The Libben Indians had a frequency of
1.1 per cent which was not as high as some Indian popu-
lations such as the Pecos, yet higher than the Arizona
and New Mexico Indians.

Niswander (97) in 1963 reported an incidence of
Supernumeraries of 5.3 per cent in Japanese males which
Was more than twice as high as his findings for Japanese

females (2.2 per cent) and the highest percentage reported
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for the occurrence of Supernumeraries to date. He stated
that over half of his sample was the offspring of bio-
logically related Parents and therefore, was not repre-
sentative of the total Japanese population. Care should
be exercised in using his data for comparative purposes.

Although the presence of tori had been considered
to be an anatomical variation within the normal range by
mOst authorities, intensive study had been carried out by
two investigators, Woo (134) and Klatsky (74), on the
skeletal remains of the various populations of the world.
In Table 41 on page 147 the Libben findings are 1isted
with the results of Woo's and Klatsky's studies for com-
Parative analysis. According to Woo's data, tori were
more prevalent in females than in males and in Mongoloids
than in Whites or Negroes. Klatsky found the occurrence of
Palatal tori to be much less frequent than Woo. Moreover,
Klatsky's results were more in accordance with the findings
of the present survey. Of all the Libben skulls studied,
I5 per cent had a palatal torus while no mandibular tori
were observed.

Klatsky (74) also investigated the frequency of
congenitally missing teeth, microdontia or reduced teeth,
and impacted teeth among the various populations. ''Included
in Table 42 on page 148 is a list of his results of the
many Mongoloid groups that he studied, along with ‘the

Libben findings and those of other investigators. There
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were 3.1 per cent of the Libbenites with congenitally
missing teeth which was exactly the amount Klatsky reported
for Arizona Indians. The Libben congenitally missing list
consisted of two upper third molars, one lower third molar,
four lower second premolars, and one lower lateral incisor.
in addition 8 per cent of the Libben Indians had reduced
teeth, all of which were upper third molars. See Plate
XXVill on page 231. Similarly, 8 per cent of the Libben
Indians had impacted teeth, all of which were lower third
molars with the exception of an upper right permanent
cuspid. The Libben impaction percentage was higher than
any of Klatsky's observations on various Mongoloid groups.

Other dental and osseous pathologies and anomalies
were observed in the Libben people. Alveolar abscesses
were found almost exclusively in the adult and senile
groups. The three main causes of these lesions were pulp
exposure due to attrition or caries, trauma, and periodon-
tal disease.

Structural defects of the enamel surface of the
teeth were also noted. These included grooves, deep
bands, and pits in the enamel surface which were thought
to be the result of nutritional disturbance or severe
illness during the time when the affected teeth were
forming. See Plate XXIX on page 232. Such aberrations

in development (enamel hypoplasia) were found in every

age group. Similarly, defects in calcification were also
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recorded. Opaque areas, white spots, and discolored areas
showed variations in the calcification of the enamel
matrix. Shafer (114) contended that food shortages,
dietary mineral deficiencies, and exanthematous diseases
were responsible for such aberrations in the calcification
of enamel and dentin. As in the case of structural defects
of the enamel, calcification defects occurred throughout
the population.

Loss of .tooth structure in the form of erosion was
another factor present in this population. Occurring most
often at the cementoename] junction on the buccal or labial
surfaées of the teeth, erosion was frequently seen in a
limited region of the mouth. For example, one skull had
erosion which affected every tooth from the upper right
first molar to the upper right central incisor. Another
had erosion of the teeth between the lower left cuspid and
the lower right first bicuspid. Shafer (114) stated that
erosion was a loss of tooth substance by a chemical process
that did not involve bacterial action. High acid intake or
Citrate content of the saliva had been suggested as possible
explanations. These lesions varied in size and shape and
appeared as areas of advanced decalcification. The tooth
substance on the surface could be easily removed, leaving
a8 shallow, broad, smooth scooped=-out depreséion.

Table 43 on page 151 shows the incidence of erosion

by age group as well as abscesses and structural and calci-

fication defects.
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DISTRIBUTION OF DENTAL AND OSSEQUS
PATHOLOGIES AND ANOMALIES
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TABLE 43
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Total 103 245 21 287 235

AR T o



152

Table 44 on page 153 summarizes the infrequent
pathologies and anomalies that were seen in this sample.
Included were exostoses and temporomandibular joint
arthritis which were almost exclusively observed in the
senile age group. Specific diagnosis of the bone de-
structive lesions (tumors) was not possible from the oste-

ological material alone. See Plate XXX on page 233 for an

example of such osteoclasia.
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TABLE 44

SUMMARY OF |INFREQUENT PATHOLOGIES
AND ANOMALIES

Disease. Oﬁuggggs Remarks -
Exostoses 11 Exclusively in senile group
Tumors 3 Specific diagnosis unknown
TMJ Arthritis 8 Exclusively in senile group
Fusion ] Lower right lateral and

cuspid
Twinning i Upper left lateral incisor
Cleft Palate 0 Hard palate only
Syphilis (Congenital) 0 Looked for occurrence of
Hutchinson's triad




CHAPTER VI 11
PERIODONTAL CONDITIONS

Review Of Literature

Relatively little s tudy had been done in the past
on the manifestations of periodontal disease in skeletal

material. One of the first investigations in this area

was Hirschfeld's (57) in 1923, He discussed how anatomical 2

variations often resembled the destructive consequences of j§ |
a disease process. Noninfectious alveolar deficiencies ff;f |
and root exposure of a tooth were two examples of such f%f'!

variations. When teeth were used to excess via mastication - ff}”
or vocation, the roots tended to protrude from the alveoli
in proportion to the amount of occlusal wear. The appear-
ance of marked exposure of roots simulated alveolar bone
loss concomitant with periodontal disease.

Hirschfeld also contended that accentuated alveolar e |
borders and thickened outer alveolar plates and margins
were not the result of pathology but normal anatomical

variation which developed possibly in response to the pull

of the gingiva by the fibers of the buccinator muscle.
He felt that it was essential to avoid confusion between !

anatomical variation and mechanical wear and destruction

resulting from disease during life.
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In 1926 Hirschfeld (58) made further studies of
skulls in relation to Periodontal disease. He described
how occlusal wear changed the occlusal contour of a tooth,
the form and size of the pulp chamber, and the perio-
dontium. At the time of the eruption of the posterior
teeth, the buccolingual dimension between cusp points was
small, and the occlusal pProminence of the cusps was great,
thereby providing maximum functional efficiency and minimum
strain on the periodontium.

According to Hirschfeld, this was nature's plan
because during the eruptive stage the roots were only
partially formed, the periodontal membrane was thick, the
alveolar process was thin, and the musculature was weak.
However, as the Cusps wore, the crushing power of the -
occlusal planes was less, and therefore, more force and
rigidity of parts were required. By this point in develop-
ment, the oral musculature was strong, the alveolar pro-
cess had thickened, the roots were fully formed, and the
periodontal membrane was thin. The aggregate of all these
factors provided the increased force and rigidity necessary
to compensate for cuspal wear. Nevertheless, attrition

continued and the cusps were completely worn away. Re-
sulting concavities in the exposed dentin appeared on the
occlusal surface of the tooth. The buccolingual diameter
of the teeth was at a maximum which resulted in still

greater strain. To compensate for this factor, the
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eccentric borders of the occlusal surface produced tre-
mendous leverage. This leverage plus maximum muscle
development enabled the dental apparatus to remain heal thy !
with little or no destruction to the periodontium. ! ?%‘
Hirschfeld did not belijeve that attrition was the ma jor :
factor in the destruction of the periodontium of pre-
historic races but that various local and systemic factors
were the predominate destructive forces in periodontal

disease.

Leigh (80) in 1925 compared the manifestations of
Periodontal disease among four Amerindian populations. In
the Kentucky Indian material the only lesions found were

localized and for the most part about the malars. The

. e_,‘f“é‘.i‘;.;z“;' L!ﬁ?ary

disease was most advanced about the third molars. The
greatest single factor in the causation of the destruction
of the walls of the alveoli was the loss of éontact. This | |
Occurred most frequently in the senile age group between

the second and third molars. Deposits of calculus on the

teeth were rare. Leigh found that 14 per cent of the

Kentucky crania had calcareous deposits on the molars yet

none of the crania had deposits on the lingual of the

T
L'

lower anteriors. With the Sioux Indians disea;e of the

E

supporting dental-tissues was almost negligible except in g
i ‘ a ¢

Persons of advanced years. Their teeth were free of cal )
careous deposits indicating a healthy periodontium. 4
{ £

Thirty-three per cent of the Arikara Indians had osseous : -
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Pathology localized about the molars which was indicative | E 8!
of periodontal disease. As in the Kentucky Indians the

greatest and most advanced lesjons occurred in seniles i
around the third molars and with decreasing frequency
about the second and first molars. There were no instances
of infrabony pockets about the incisors of either arch.
Leigh observed heavy deposits of calculus on the buccal
surface of the upper molars. The most severe periodontal

condi tions of the four tribes were found in the Zuni

Indians. Fifty-six per cent of them had signs of perio=-

dontal disease. They were not restricted to the molars

¥ LIDrary

as in the other groups but affected all the teeth, and in S | ,rf
H
|

many skulls generalized bone destruction was observed.

Lo

Unlike the Sioux and Arikara the Zuni had sqlivary cal-
culus and stains on most of the teeth, and considering
their caries rate, they had the poorest dental health of
the four tribes compared.

Leigh (81) also studied the periodontium of the
Eskimo. He found that 61 per cent of the Eskimo crania
exhibited some degree of periodontal disease. The molar
teeth were involved for the most part al though there were
some generalized cases. Unlike the findings in modern man,
involvement of the lower incisors was very infrequent.
Periodontal disease was rare in persons younger than 40.

Leigh described how he determined the normal and

abnormal height of the alveolar crest. He measured the

i...lIlI-l-I--------———————_L____;______________________—
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distance from the enamel border to the crest of the alve-
olus in a group of young adults. For upper first molars
the average was 1 millimeter. An appreciable increase of
this measurement was taken as an indication of pathology.
He also described two kinds of destruction of the

alveolar process: (1) an even, uniform atrophy of the
free margin of the alveolus without an appreciable en-
largement of its lumen, and (2) the marked destruction of
the inside wall of the alveolus, with evidence of chronic

infection (infrabony pocket). Ten per cent of the Eskimo

skulls had heavy buccal calculus; however, little was

found on the lingual surfaces of lower anteriors.

In 1928 Leigh (82) studied the aboriginal Californian

“.__..'f_ié-_qlfz:.“;aag ng}gary e

and found alveolar bone destruction occurring in 50 per
cent of the cases that he examined. His results were much

like those that he described in a previous work on the

Zuni Indians.

In his study of the dental conditions among the
Mimbres in 1929, Bentzen (11) found that the majority of
the teeth had deposits of calculus on their labial, buccal,
and lingual surfaces. He attributed this to the alkalinity
and high lime salt content of the water. He stated that
crest resorption of the alveolus in all the specimens was
in direct proportion to the amount of calculus on the teeth

and that the only specimen that had perfect crests was

devoid of calculus.
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Rihan (106) reported that 13.3 per cent of the
Pecos Indian skulls that he studied had periodontal dis-
ease. Webb (128) in his survey of the Louisiana Indians
stated that over half had pyorrhea." No details or
descriptions of kind, extent, or range of periodontal
disease were given in either publication.

Sedwick (113) in 1936 reported that in New York
Indians 48 per cent had alveolar bone destruction and
18.7 per cent had calculus which was more frequent in

the lower than in the upper teeth.

Funkhouser (41, 42), an anthropologist, in his
studies of the skeletal materials from both the Norris
and Wheeler Basins reported:

Various types of Pyorrhea were found. The commonést
form appears to be an alveolar periodontaclasia
usually seen at the bases of the incisors and
canines.

In 1938 Nelson (93) in his examination of the teeth

of the Pecos Indian crania commented that in observing the

extent of alveolar bone degeneration about the teeth it
was extremely difficult to determine exactly what was
pathology and what was not. Despite his difficulty he
concluded that approximately 34 per cent of the 136 skulls .

showed some evidence of alveolar bone destruction.

Findings And Discussion

Considerable evidence of periodontal disease was

found in the present study of the Libben Indians as

;




160 i

demonstrated by the appearance of gross deposits of cal- o j
culus, large numbers of dehiscences and fenestrations,

loss of alveolar bone height, and multi-walled infrabony i
pockets. See Plates XXXI to XXXII| on pages 234 to 236.
Unlike many of the observations concerning the periodontal .
conditions of other precolumbian Amerindian populations
made in the past, 100 per cent of the adults had calculus.
Over 70 per cent of these had moderate or heavy deposits

on both the crown and the roots of the teeth. Heaviest

deposits were most often seen on the labial and 1ingual >~
e
. - Fuf. |
surfaces of the lower anterior teeth and the buccal sur- o
faces of upper molars. 5ﬁt}
Similar to Bentzen's (11) observations on the L

Mimbres were the many cases of the present study which

had deposits of calcareous material on both buccal and H

lingual as well as proximal surfaces of every tooth. The

amount of calculus on the teeth increased with age.
Table 45 on page 161 shows the percentage dis-
tribution of calcareous deposits in the different age
groups. There was a steady progression of the mean score
from infancy to senility. The increased frequency of occur- | ;; {

rence of radicular calcareous deposits with age reflected

the presence of other associated periodontal lesions such
as infrabony pockets, interproximal craters, and alveolar
bone resorption. All these associated lesions resulted in

an increase in alveolar bone destruction and loss of the

g‘—% |
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teeth. Such loss of alveolar bone height exposed the roots
of the teeth. See Plate XXX11 on page 235. These lesions
were more severe in those cases which had heavy deposits of
calculus.

In an attempt to learn more about the exact nature
of these deposits ofi850 A.D., x-ray diffraction technique
was employed. Samples of the raw calculus were taken from
the teeth during the cleaning of the dentitions for various

analyses. Mixed Powder patterns were obtajned consisting

of an apatite component and other superimposed lines. See

Plate XXXIV on Page 237. When a pattern was made from the

) LGy

accompanying sand, the extra lines of the original mixed

powder pattern were accounted for. In addition, when a

e N g

very slight amount of external surface material was removed

from the calcareous deposit prior to being ground, the

resul ting pattern was solely that of apatite. The conclu=-

sion was that the bulk of the calculus was apatite, with a }?[

slight superficial contamination by environmental sand. |
Several phosphate compounds had been detected in

calculus isolated from modern man. According to Schroeder

(111), these were apatite, brushite, whitlockite, and

Octocalcium phosphate. They were present in varying pro-

Portions but apatite was usually a major component and f

often the only component. In the present material it was :

not known whether there might have been other phosphates

besides apatite present originally because these various

i.IIIII-------'————————————_________________________________
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phosphate compounds can be converted to apatite by hydroly-
sis. At any rate the Libben calculus did not appear to be
compositionally different from contemporary finds. What
was surprising was the uncontaminated nature of the major
portion of the calculus after centuries of interment.

As previously mentioned, the amount and location of
calculus mirrored the alveolar bone health. Table 46 on
page 164 presents the frequency of occurrence of various
alveolar‘bone pathologies. Periodontal lesions were so
~Prevalent that the average adult in this samp]e had 4.2
fenestrations, 5.8 dehiscences, and 6.7 infrabony pockets.
These were considered to be high frequencies for an
Amerindian population. As seen in Table L6, mesial pockets
were more prevalent than distal ones for the entire sample
but especially in the adult group where the ratio was almost
two to one. Buccal pockets outnumbered lingual pockets
four to one. The average number of infrabony pockets con-
stantly increased from infancy to senility which illustrated
the progressive deterioration of the supporting tissues of
the teeth in these people.

Previous studies by other investigators in the field
of dental anthropology had indicated that most of the severe
periodontal lesions were strictly localized about the molars,
especially the third molars, and that these conditions
were usually found in the seniles of the population. They

contended that loss of contact between the molars subsequent |
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to advanced attrition predisposed these people to a con- i ﬂ;
stant interstitial impaction of food which resulted in |
the destruction not only of the soft tissue and supporting
bone but of the teeth themselves via proximocervical caries.
The Libben findings shown in Tables L5 and 46 on pages 161
and 164 do not completely support their contention.

Both fenestrations and dehiscences occurred in
greater frequency in the anterior than the posterior
teeth. Such protrusion of the apices through the facial

plate or the complete loss of this plate exposing the entire

root was believed by Leigh (81) to be a part of a general-

;oY

ized senile osseous atrophy of the maxilla and mandible

i 1 5 o2 3

which was to initiate the shedding of the permanent den-

tition. Table 47 on page 166 shows that the greatest num- 1R

ber of buccal dehiscences was associated with the anterior 1

teeth, especially the cuspids. Fenestrations of the buccal

bony plate over the mesial root of the upper first molar
and the upper cuspid occurred more frequently than in any
other areas of the mouth.

Infrabony pockets did occur predominantly among

the posterior teeth. Regions approximating the mesial
surfaces of the lower second molars were the most sus-
ceptible areas, followed by the mesial surfaces of the l
upper first and second molars. The occurrence of infra-
bony pockets was more frequent at the mesial surface of : E

upper and lower third molars than at the distal surfaces.

:
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TABLE 47

FREQUENCY OF OCCURRENCE OF ALVEOLAR BONE PATHOLOGIES
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Unlike contemporary populations infrabony pockets seldom
occurred about the lower anterior teeth in Libbenites and
with similar sparseness among the upper anteriors. This
was exactly opposite Funkhouser's (41, 42) findings from
his studies of the crania of the Norris and Wheeler Basins.

Lesions of the alveolar bone in. the present s tudy
did occur Predominantly among the molars, but they were
not strictly localized nor was the third molar most fre-
quently affected. Both upper and lower second molars led
the list, followed by the first and third molars in that
order. Severe periodontal conditions were not just limited
to the senile age group nor were they always associated
with severe attrition. The amount of calcareous deposits
seemed to be the determining factor in the Libbenites and
not the wear of the teeth or the age group of the individual.
Periodontal health of the individual skull seemed to be a
constant for both jaws. Either there were heavy deposits
of calculus, numerous infrabony pockets, and other osseous
defects associated with the djsease process or there were
slight deposits of calculus, nearly normal alveolar crests,
and few signs of intra-osseous pathology. With few ex-
ceptions severe localized periodontal disease was not
observed in this population.

Table 48 on page 168 gives additional information

about the health of the supporting structures of the

teeth. Thickening of the alveolar bone margins, blunting

Shawa i h!i}iu]’
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TABLE 48

FREQUENCY OF OCCURRENCE OF CONTRIBUTORY
OSSEOUS PATHOLOGIES

Pathology - In{??t g?é§- X%;g? A?§;§ Se?;;? Total
Thickened Margins 0 3 i 34 6 L7
Blunting Resorption 0 0 8 38 10 56
Furcation Involvement 0 0 ] 30 16 L7
Interproximal Crater 0 1 0 22 9 v
Stains 3 2 2 37 11 b5
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resorption of the interproximal bone, pathological in-
volvement of the furcations, Cratering of the interproximal
bone, and Presence of brown stains were the contributory
characteristics of Periodontal disease that were looked
for in the present survey. With the exception of inter-
proximal bony Craters, the above characteristics occurred
in approximately half of the sample,

Without fear of overstating the case, it could be
said that the 88 Libben adults had progressive and wide-
Spread periodontal disease. Almost 70 per cent had al-
veolar bone destruction in addition to their calcareous
deposits. This was high among Amerindian populations. As-
mentioned in the discussion of dental caries of the Libben
Indians, the results of this analysis were an under-
estimation of the true dental conditions because of pre=
mortem and postmortem tooth loss. Even though the findings
indicated almost universal and often severe periodontal
disease, they were an underestimation and represented only
@ part of the total number of lesions.

In Table 49 on page 170 which reviews the percentage
distribution of periodontal disease (alveoloclasia) among
various Indian Populations, it can be seen that the Libben
Indians had the highest percentage of periodontal disease

of any other Amerindian population that had been reported

in the literature at this time. Leigh's (80) study of
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TABLE 49

PERCENTAGE DISTRIBUTION OF ALVEOLOCLASIA
AMONG VARIOUS POPULATIONS

Population Investigator IE“?:;EIG P:{Szgfggfaggsh
Eskimo Leigh 1925 324 61.0%
Kentucky Indians Leigh 1925 66 11.4%
Sioux Indians Leigh 1925 92 Negligible
Arikara Indians Leigh 1925 129 33.0%
Zuni Indians Leigh 1925 113 56.0%
California Indians Leigh 1928 -- 50.0%
Pecos Indians Rihan 1932 289 13.0%
New York Indians Sedwick 1936 48 L8.0%
Pecos Indians Nelson 1938 136 34.0%
Louisiana Indians | Webb 1944 30 50.0%
Indian Knoll Snow 1948 307 7.5%
Libben Indians Fanno 1968 88 69.0%
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the Zuni Indians was the only other analysis in which the
percentage approached that of the present study.

The significant Points concerning the periodontium
of the Libben Indians were: (1) Heavy deposits of cal-
culus and severe Osteoclasia occurred concurrently in
this population, (2) Advanced attrition was present in
many cases, but in the vast majority the proximal contact
of the teeth had not been eliminated. It would thus
seem that the predominance of infrabony pockets in the
interproximal areas of upper and lower molars could not
be explained on the basis of attrition, (3) The Libben
Population had the highest percentage of both dental
caries and periodontal disease of any Amerindian group
thus far reported, and (4) Periodontal disease in this
sample occurred even in the children and was not 1imited
to the older persons of the group. The interrelationships
of all these facts will require further study of the diet,
the genetic makeup, the general health, and the total

environment of these people.
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CHAPTER 1X
CEPHALOMETRY AND OCCLUS|ON

Review Of Literature

The scientific measurement of the relationship of
the various parts of the skuli to the jaws and/or dentitions
of precolumbian Amerindian populations had been very lim-
ited. With the exception of Sarnas' (107) work in 1955 on

some of the cranial and facial changes during growth in

the Indian Knoll material, x-ray cephalometric investi-
gations had not been carried out. It is hoped that the
cephalometric measurements and findings, which will appear
in the next section of this chapter, can be used in future
Comparative studies of various Indian populations and in
growth studies of their skulls and dental apparatus.

In the past, craniometric measurements provided a
means of describing and analyzing fossil remains. Many
anthropologists, Hooten (59, 60, 61), Snow (118, 119),
Funkhouser (41, 42), and others had employed craniometric
techniques in order to classify and compare skeletal form
and size among the Amerindian populations which they were

studying. Such anthropometric measurements and indices

were not considered to be a part of an analysis of the

dentition. However, the cranial material is presently

172
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available for anthropometric Study which could revea] use-
ful information about the characteristics of the Libbenites
and their genetic relationships with other precolumbian
populations.

In addition to the cephalometric analysis, the
mesiodistal diameters of newly erupted teeth were measured
and recorded for comparative purposes. Bentzen (11)
reported in 1929 that the size of the Mimbres' teeth were
somewhat larger than those of modern Americans. He meas-
ured both the mesiodistal and the buccolingual diameters

of the crowns of only the first permanent molars.

Nelson (93) in 1938 did a comprehensive statistical
study of the sjze Characteristics of the teeth of the Pecos
Indians of New Mexico. With the aid of a micrometer, he
obtained not only the mesiodistal and buccolingual diameters
of the crowns of the teeth but also the length of the crown
and the length of the root. Regardless of the aspect,
maximum dimensions were recorded when measuring the crowns
of these teeth. When comparing his findings, he ascertained
that the sizes of the Pecos teeth were in an intermediate
POsition among the various racial types of man. Generally

the Pecos Indians had smaller teeth than the Australian
This

Aborigines but larger teeth than the modern White.

POsition, which had confirmed Hrdlicka's work, was deter-

mined to be representative of most of the Amerindian

Populations studied to date.
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Moorrees (91) compared the mesiodistal crown lengths
of the maxillary teeth of the Aleuts with those of other
Mongoloid groups, including the East Greenland Eskimos and
the Pecos |ndians. Considering all these groups together,
their incisor measurements followed the same general pat-
tern when they were compared to the modern Whites. The
centrals were consistently narrower and the laterals con-
sistently broader than those in Whites. Therefore, the
four maxillary incisors were more nearly the same size in
these groups. This similarity of the size of lateral and
central incisors was seemingly a characteristic for Mongoloids
as a race. No common trend was observed for the cuspids
and bicuspids, but the molars of the Aleuts were smaller
than those of modern Whites.

Mehta (87) in 1966 published his study on the
attrition of the teeth of Arkansas Indian crania. To
determine the amount of occlusal attrition, he measured
the crown heights of all the teeth. The mesiodistal
diameters were also recorded in order that the amount of
proximal attrition could be studied. Even though his
measurements were of worn teeth, the mean mesiodistal
diameters were not smaller than those of modern man. He
calculated the mesiodistal arch length necessary to house
these dentitions and observed a tendency towérd crowding

of the teeth when the mesiodistal arch length was short of

its mean value. Nevertheless, malocclusion was rare in
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these Arkansas Indians. Of the 21 skulls in the sample,
there was only 1 case which showed very mild overjet. No
cases were observed in which the overbite was deep.

In 1925 Leigh (81) discussed 44 cases of Class |
malocclusions which he observed in his study of 324 Eskimo
crania. Rotations were the most frequent problem of which
mesial rotations of Upper premolars were the most common.
He contended that overretention of the deciduous cuspids
of ten resulted in impaction or malposition of the permanent
successor and malocclusion. In Leigh's (80) studies of
Amerindians, an edge-to-edge relationship of the upper and
lower incisors was a constant observation. However, the
mesiol ingual depression of the upper central incisors that
he had observed in Amerindians was not seen in his Eskimo
sample. One case of mandibular prognathism, Class |11
malocclusion, was observed.

Malocciusion among the American Aborigines was
relatively infrequent. Fisher (39), Rihan (106), Sedwick
(113), Funkhouser (41, 42), Newman (96), Rabkin (104),
Webb (128), Snow (119), Mehta (88), and Lewis (83) had
surveyed various Indian populations and had reported that
the occurrence of malocclusion was rare, that there was a
Predominance of an edge-to-edge occlusion of the incisors,

and that there was an occasional crowding or malalignment

Many instances of bilateral mesial

of individual teeth.
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rotation of the maxillary central incisors were described
by these authors.

Dahlberg (29) had termed this characteristic
irregularity of the alignment of the maxillary central
incisors of Mongoloids "winging." He stated that the fre-
quencies of bilateral winging among the contemporary Indian
tribes varied from 22 to 38 Per cent but dropped to 10 per
cent for Japanese and to 3 per cent for Chicago Whites.

Lasker (78) in 1957 discussed how little was known
about the influence of environmental factors on such racial
and genetic features as dental arch form, rotation of teeth,
type of occlusion, and relationship of the jaws. He com-
mented on the effect of inbreeding on the teeth of some of
these isolated Amerindian populations:

However, crowded teeth are common in some inbred
groups, they vary with environment (Lasker 1945),
and small teeth in large jaws are rarer than large
teeth in small jaws, al though both should be equally
frequent in persons of biracial origin if genetic
reassortment were the explanation.

Hunt (69) published a lengthy article on malocclusion
and civilization. It is common knowledge that severe mal-
occlusions are more prevalent in civilized human groups
than in most primitive populations. He discussed the pos-
Sible causes for this rapid evolutionary trend in human

growth and development. - They were: (1) the effect of the

environment on facial growth, (2) the effect of hybrization

of human ethnic stocks on the occurrence of malocclusion,
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and (3) the effect of maternal age and birth order on the
sibling's dental development. These potential genetic
forces were often contributing factors to a malocclusion
and could influence the entijre dentofacial complex.

Hunt contended that the most significant part of
the story was the differences in the use of the jaws and
in attrition of the teeth between Primitive and civilized
Populations. He concurred with Begg's (9) theory that
attrition was of paramount importance in the development of
a heal thy, normal occlusion in pPrimitive man. Discrepancies
between jaw size and tooth mass seen so frequently in
modern populations were nonexistent in primitive races.

The attrition kept the teeth in a constant state of change
both in size and in Position within the arch, resulting in
an edge-to-edge anterior occlusion and a tendency'for a
Class 111 molar relationship.

Al though Begg and Hunt were referring to the
occlusions of the Australijan Aborigines, many groups of
Amerindians and Eskimos had occlusions which were not much
different. The discussion of the relationships of the jaws
and the skull, the size of the teeth, and the type of occlu-

sion of the Libben Indians is presented in the next section.

Findings And Discussion

A cephalometric analysis was done on each of 33

skulls which were exhumed completely intact and unwarped.




