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ABSTRACT  Breadth of the interproximal wear facet between lower P2 and
M1 and between lower M1 and M2 was measured in human skeletal samples
representing the Archaic, Woodland, and Mississippian periods of Tennessee
River Valley prehistory, with the aim of assessing relative magnitudes of applied
masticatory forces. When stratified by level of occlusal wear, mean interproximal
facet breadth was consistently larger in the Archaic sample than in the Mississip-
pian sample, with the Woodland sample intermediate. An analysis of covariance
demonstrated that there was significant (p <0.01) differences in facet size among
the three groups even when differences in crown breadth were taken into account.
Similar results were obtained in regressions of facet size on chronological age {Ar-
chaic larger than Mississippian at p <0.01). Since rate of occlusal wear appears to
be somewhat greater in the Archaic sample than in the later samples, the dif-
ferences in interproximal wear are probably underestimated. It is suggested that
the high levels of interproximal wear in the Archaic are indicative of the large oc-
clusal forces and repetitive chewing required to masticate a diet of seeds, wild
plant foods, and small animals, for which prior preparation (e.g., grinding, cook-
ing) was minimal or nonexistent (as indicated by paleofecal samples). The lower
amounts of interproximal wear observed in the Woodland and Mississippian
samples imply considerable reductions in strenuous mastication, perhaps due to
the widespread adoption during these periods of pottery and the earth oven,
together with ethnographically-documented techniques of food preparation that
transformed most foods to a soft consistency.

Numerous attempts have been made to
utilize dental wear as an indicator of diet or
tooth use in aboriginal human groups. The
mixed success achieved by these efforts is in
part a reflection of the complexity of the
phenomena under investigation, encompass-
ing both the intricacies of the masticatory pro-
cess itself and the multifaceted nature of the
cultural and environmental contexts in which
mastication takes place. Many studies have
concentrated on the gradual wearing away of
the occlusal surfaces of teeth, but considerably
less attention has been devoted to the develop-
ment of flattened facets or polished planar
areas at the points of contact between adjacent
teeth. These facets (interproximal wear as op-
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posed to occlusal wear) also involve a wearing
away of the tooth substance, but on the mesial
and/or distal aspects of the crown.
Interproximal wear is generally acknowl-
edged to result from the differential movement
of teeth during mastication. The amount of in-
terproximal wear that occurs is thought to be
dependent upon the magnitude of the force ex-
erted upon a tooth by the teeth distal to it in
the tooth row, designated the mesial force vec-
tor (Picton, 1962) because of the direction in
which it acts, and upon the frequency with
which such force is applied. Wolpoff (1971) has
suggested that, while multiple factors may
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play apart in the production of the mesial force
vector, the most important single factor is pro-
bably the mesial angulation of the teeth them-
selves (Dempster et al.,, 1963; Kraus et al.,
1969). In this sense, then, the mesial force vec-
tor is simply the mesially-directed component
of the bite force vector —that is, that fraction of
the bite force that acts to press the teeth to-
gether along the tooth row. Wolpoff (1971) fur-
ther asserts that it is this component of force,
in combination with the lateral or sideways
motion of individual teeth with respect to each
other, which over time results in the produc-
tion of an interproximal wear facet between ad-
jacent teeth. This contention, which has long-
standing antecedents in orthodontic clinical
practice (cf., Brodie, 1934; Dewell, 1949;
Moyers, 1973}, is supported by several lines of
evidence. For example, ample evidence attests
to the mobility of individual teeth during func-
tion (Picton, 1962, 1964), and to the effects of
repeated biting and clenching for increasing
this mobility, especially the amount of mesial
tilt (Picton, 1962; O’Leary et al., 1967).
Moreover, photoelastic simulation studies
lend credence to the view that, for a bite force
of specified magnitude and direction, mesial
tilting of teeth is associated with a horizontal
bite force component of variable but large
magnitude (Ward, 1974). Finally, it is now
clear, based on both force transducer (Graf,
1975) and bone strain (Hylander, 1979)
measurements, that a lateral component of the
bite force is present during molar chewing.
While the role of the mesial force vector as the
primary cause of tooth migration has been
questioned (Moss and Picton, 1970; Picton and
Moss, 1973, 1974), it is nevertheless very likely
to be one of the main determinants in this
multifactorial process (Picton and Moss, 1980;
Van Beek and Fidler, 1977).

Based on the causative model just outlined,
extensive interpopulational variation in the
amount of interproximal wear might be ex-
pected, with the greatest wear in those human
groups for which ethnographic accounts and
comparative bite force data document the
habitual practice of vigorous mastication. Al-
though systematic comparisons have not been
performed, there is reason to suspect that con-
siderable variation does indeed exist among
human groups; e.g., Australians apparently
exhibit substantially greater interproximal
wear than Europeans (see Moss and Picton,
1967; Wolpoff, 1971). Because of its functional
etiology, the rate and amount of interproximal
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wear should be directly related to the
magnitude and frequency of forces applied
during mastication. On the other hand, oc-
clusal wear rates are not only influenced by
both these factors, but also by the abrasive
properties of the food consumed together with
associated dietary grit (Wolpoff, 1971). As
such, the study of interproximal wear offers
the possibility of insights into masticatory
function and food preparation that may be ob-
scured by examination of occlusal wear data
alone. It is the purpose of this report to present
data on interproximal and occlusal tooth wear
in a temporal series of American Indian popu-
lations which once inhabited the valleys and
adjacent highlands surrounding the Tennessee
River. These data will then be used to elucidate
aspects of cultural history for the prehistoric
groups in question and to evaluate more com-
pletely the causative model for interproximal
wear,

MATERIALS

The samples included in this study are com-
posed of human skeletal remains representing
each of the three major chronological periods
in Tennessee Valley prehistory (Table 1). Span-
ning about 7500 years (ca. 6000 BC-AD 1550),
they encompass a gradual transition in sub-
sistence practices from a fully hunting and
gathering lifeway to a primary dependence on
maize agriculture.! The Archaic is characteriz-
ed by a focus on the hunting of a wide variety
of game, fishing, and collection of aquatic re-
sources (e.g., mussels), as well as the utilization
of various nuts, seeds, and wild plant foods
(Lewis and Lewis, 1961; Faulkner, 1977). The
sites comprising this sample can be temporally
subdivided into Middle Archaic (Eva I and II
at 6000-3000 BC) and Late/Terminal Archaic
(Eva III, Cherry and Ledbetter Landing at
2500-500 BC). The Woodland subsistence pat-
tern involved a continued reliance on hunting
and collecting (Crites, 1978; Faulkner et al.,
1976; Faulkner, 1977) together with the incip-
ient cultivation of the sunflower, squash, and
maize (Crites, 1978), and is represented by re-
mains from several sites of Late Woodland age
(750-1150 AD). The Mississippian sample,
composed of individuals from a single Late

'These samples are largely similar to those utilized in a previous
study (Hinton et al., 1980), of which the present investigation is an
outgrowth. Additional details concerning cultural contexts of the
samples can be found in Smith et al. (1980}.
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TABLE 1. Composition, dates, and sizes of the samples

Sample Sites N Dates References
Archaic Eva (6BN12) 106 6000-500 BC Lewis and Kneberg (1959);
Cherry (84BN74) Lewis and Lewis (1961);
Ledbetter Landing (9BN25) Magennis (1977); Bowen (1975, 1979)
Woodland Hiwassee Island (46MG31 and 42MG31) 107 700-1150 AD  Lewis and Kneberg {1946}
Alford (4RE4)
Wilson (23RE6)
Hampton (89RH41 and 93RHA41)
Montgomery (7T6RE8 and 77RES8)
Mississippian Toqua (40MRS) 118 1300-1550 AD Schroedl and Polhemus (1977)

Mississippian site? (1300-1550 AD), is ex-
emplary of an emphasis on food production,
supplemented by hunting and collecting
(Lewis and Kneberg, 1946).

METHODS

In each individual, breadth of interproximal
wear facets, mesiodistal and buccolingual
crown diameters, and severity of occlusal wear
were recorded for the lower right first and sec-
ond molars. If these teeth were missing, teeth
on the left side were analyzed. Breadth of the
interproximal wear facet was measured in two
locations (Fig. 1): between the second premolar
and first molar and between the first and sec-
ond molars. Since this technique cannot fully
take into account instances of S-shaped or
wavy interproximal contact, it is conservative
in nature (i.e., underestimates the facet
breadth). Mesiodistal and buccolingual dimen-
sions were taken on the lower M1 and M2 fol-
lowing the method of Goose (1963)3, in order to
permit an assessment of the influence of gross
tooth size on wear facet breadth. Finally,
severity of occlusal wear was scored using an
eight-level ordinal system adapted from
Molnar (1968, 1971a,b; see Hinton, 1981a,b for
previous uses of this wear code). These data
permitted the comparison of interproximal
wear in subsamples having the same level of
occlusal wear, while enabling a rough assess-
ment of relative occlusal wear rates among the
samples to be made.

Sex and age were determined postcranially
for each specimen by Magennis (1977) for the
Archaic material (with the exception of
Ledbetter Landing), by Parham (n.d.} for the
Mississippian sample, and by the author
and/or laboratory personnel for the Ledbetter
Landing and Woodland material. Due to poor
preservation in the Woodland sample, a ma-
jority of the specimens used could not be
sexed; similarly, no age determinations were

available for either Ledbetter Landing (Late
Archaic) or Woodland material. Similar
criteria, primarily pubic symphyseal mor-
phology and epiphyseal union (in young
adults), were employed for age assessment in
both Archaic and Mississippian samples. Den-
tal (occlusal) attrition was not used as a
criterion for aging, except occasionally in very
old individuals. The midpoint of the estimated
age interval, which varied in size from 5-10
years in most instances, was taken as the spec-
imen'’s age. While this procedure undoubtedly
involves some error, it was judged preferable
to the lumping of individuals into broadly-
defined age intervals and permitted the utiliza-
tion of regression techniques on the age data.

RESULTS

When stratified by occlusal wear levelt,
mean interproximal wear facet breadths show
appreciable intergroup differences, and occur
in a clearly-defined hierarchy of size (Table 2;
Fig. 2 and 3). In every instance except one, the
Archaic mean interproximal wear is greater
(albeit not appreciably so for P2M1 facet

2The human remains are derived from a site belonging to the Dallas
focus, a prehistoric manifestation of the Late Mississippian. A pos-
sible exception to this statement concerns six individuals, who may be
attributable to the protohistoric Cherokee of the area (R. Polhemus,
personal communication). However, in view of the small number and
temporal proximity of the putative Cherokee burials relative to the
Dallas burials, the six individuals were retained in the sample. As-
sessments of interproximal and occlusal wear in these specimens in-
dicate no significant differences from those of the remainder of the
sample.

*For further details of measurement technique for tooth size, see
Hinton et al. (1980).

‘For purposes of analysis, facet breadths between P2 and M1 were
compared relative to occlusal wear on M1, where the primary compo
nent of the mesial force vector originates. Similarly, facet breadths be-
tween M1 and M2 were compared relative to occlusal wear on M2, the
primary source of the mesial force vector for production of this facet.
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Fig. la. Interproximal wear facets in specimen 6BN37, a male individual from Eva Archaicsite. Fig. 1b. Drawing of Figure
la showing measurement of interproximal wear facet breadth between P2 and M1 (distance A} and between M1 and M2
(distance B).
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Fig. 2. Mean interproximal wear facet breadth betwen P2 and M1 as a function of occlusal wear level on M1 in Archaic,
Woodland, and Mississippian samples.
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Fig. 3. Mean interproximal wear facet breadth between M1 and M2 as a function of occlusal wear level on M2 in Archaic,

Woodland, and Mississippian sample.

TABLE 2. Mean interproximal wear facet breadth stratified by level of occlusal wear

Level of occlusal wear on lower M1

P2M1 facet breadth 3 4 5 6 7 8
Archaic
mean 4.9 5.4 5.3 6.1 6.4 7.1
no. 8 8 6 18 31 22
Woodland
mean 4.8 5.3 5.4 5.9 6.0 -
no. 33 11 9 22 8
Mississippian
mean 4.3 4.6 4.9 4.7 - -
no. 43 22 10 6
Level of occlusal wear on lower M2
M1M2 facet breadth 2 3 4 5 6 7 8
Archaic
mean 4.8 5.5 6.0 6.3 6.7 6.7 6.9
no. 7 16 7 5 18 30 8
Woodland
mean 4.2 5.0 5.4 5.7 6.2 - -
no. 14 32 13 9 8
Mississippian
mean 4.0 4.3 5.1 4.5 - - -

no. 28 42 3 3
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breadth) than that of the Woodland. In every
instance, the Woodland mean interproximal
wear is greater than the Mississippian.?

Since the samples differ in tooth size (Hinton
et al., 1980; Smith et al., 1980), consideration
was given to the possible effects of overall
tooth size on size of the interproximal wear
facet. Calculations of Pearson’s product mo-
ment correlations between crown dimensions
and interproximal facet size (Table 3} demon-
strated a positive relationship between facet
size and crown breadth and a negative relation-
ship between facet size and crown length.
Since changes in crown length are presumably
indicative of similar phenomena as interprox-
imal facet breadth, they were not investigated
further. Considered by itself, crown breadth is
a significant but weak (r? = 0.38-0.45) predic-
tor of facet size within groups. However, analy-
sis of covariance with group and occlusal wear
as factors and crown breadth as the covariate
indicates that occlusal wear is important in the
prediction of facet breadth even when crown
breadth is taken into account (Table 4). In the
full model, interactions involving the covariate
and the group and/or occlusal wear factors
were of minimal or no significance. The second
step of the analysis of covariance (ANOCOVA
model omitting interaction terms) demon-
strates that significant differences exist for
both P2M1 and M1M2 facet size among the
three groups (see partial sums of squares, F
and p values for group in Table 4), and among
the four occlusal wear levels (although this was
perhaps to be expected). Pairwise t-tests pro-
vide assessment of differences in facet size be-
tween each pair of groups (Table 5).

Multiple linear regressions® of wear facet
size on age in the Archaic and Mississippian
samples (ages were not available for the Wood-
land sample) provide similar indications of in-
tergroup differences in interproximal wear
{(Table 6). Intercepts between the two groups
are significantly different for both P2ZM1 and
M1M2 facet breadths, but the slopes of their
regression lines are not.

DISCUSSION

The preceding analyses provide evidence
that the magnitude of interproximal wear dif-
fers in a consistent and marked fashion be-
tween three temporally contiguous and geneti-
cally similar human groups. Specifically, the
Archaic sample displays a significantly
greater amount of interproximal wear than do
the Woodland and Mississippian samples at
identical levels of occlusal wear, a result which
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is borne out by analysis of covariance and by
regressions of facet breadth on chronological
age. These results are a confirmation of an
earlier suggestion (Hinton et al., 1980:234)
that larger occlusal areas, but similar mean
breadths, in Woodland molars as compared to
Archaic molars, were due to greater interproxi-
mal attrition in the Archaic sample. In addi-
tion, these data provide some indication that
interproximal wear in the Woodland sample
may be greater than in the Mississippian, and
somewhat less than in the preceding Archaic.
Certainly for those levels of occlusal wear (e.g.,
level 3 on M2, and to a lesser extent level 2 on
M2 and level 3 on M1) in which all three
samples are of satisfactory size, Woodland
means are demonstrably intermediate between
the Archaic and Mississippian extremes, a
point which merits further study. It is also in-
triguing that although slopes of the regression
lines (rate of interproximal wear) are not
significantly different in the Archaic and Mis-
sissippian samples (see Table 6), these slopes
are in accordance with expectations based on
magnitude of interproximal wear: that is, the
rate in the Archaic is slightly more rapid.

Effect of rate of occlusal attrition

Comparison of interproximal wear in sub-
samples stratified on the basis of occlusal wear
level leaves open the possibility that inter-
group differences in rate of occlusal wear could
account for part or all of the observed inter-
proximal wear differences. Thus, if rate of oc-
clusal wear were more rapid in the Mississip-
pian sample, this could result in comparisons
in which the Mississippian subsamples were
chronologically younger than their counter-
parts in the Archaic, thereby explaining, at
least in part, the lesser interproximal wear

5The decrease in mean interproximal facet breadth in the later oc-
clusal wear levels of the Mississippian sample may represent the ef-
fects of loss of adjacent teeth and the consequent diminution of wear
facet breadth below the level that might occur if the tooth row were in-
tact. This decrease is not seen in the Archaic and Woodland samples,
groups in which tooth loss is appreciably less and likely of different
etiology. However, comparisons with the Archaic and Woodland
groups made at wear levels 2, 3, and 4 should not be affected, since
they sample functional ages prior to the time when tooth loss becomes
extensive.

®The multiple linear regression model included the dependent
variable, facet breadth, and the independent variables, age and group.
The two groups, Archaic and Mississippian, were represented in the
model by binary combinations of an indicator variable, which allowed
the fitting of two regression lines (one for each group} in a single model
(Neter and Wasserman, 1974:297-311).
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TABLE 3. Pearson’s product moment correlations between crown diameters and interproximal facet breadth
M1 breadth M1 length M2 breadth M2 length
P2M1 facet breadth
Archaic .02 —.45%*
Woodland 29%* —.26%
Mississippian 36** ~.05
MI1M2 facet breadth
Archaic .07 — . 4T** .26%* —.21
Woodland 18 —.22* 19 —-.20
Mississippian 25% —-.22 .08 —~.26*

*Denotes a correlation significantly different from zero at p < 0.05.
**Denotes a correlation significantly different from zero at p < 0.01.

TABLE 4. Analysis of covariance: effect of crown breadth, group, and occlusal wear on interproximal facet breadth

Full model Anocova model
Degrees of  Sequential sums Partial sums
Source freedom of squares F value  p value of squares F value pvalue
P2M1 facet breadth
M1 crown breadth 1 23.21 42.00 0.0001 17.36 15.15 0.0001
Group 2 82.95 75.06 0.0001 50.82 29.56 0.0001
M1 occlusal wear! 3 50.82 30.66 0.0001 9.88 17.25 0.0001
Interaction terms? 11 10.98 1.81 0.05
M1MZ2 Facet Breadth
M2 crown breadth 1 27.72 43.77 0.0001 43.07 34.07 0.0001
Group 2 135.24 106.78 0.0001 58.44 30.82 0.0001
M2 occlusal wear 3 58.44 30.76 0.0001 3.30 5.22 0.0233
Interaction terms 11 3.76 0.54 N.S.

'In order to avoid cells containing individuals, occlusal wear levels were grouped as follows: M1 wear: 1-3,4,5,6-8; M2 wear: 1-2,3,4,5-8.
‘Interactions of crown breadth with group, crown breadth with occlusal wear, and of crown breadth with group and occlusal wear were
considered. The interaction of group with occlusal wear was found in & previous analysis to be nonsignificant, and was omitted from the analyses

presented above.

TABLE 5. Intergroup comparisons for
interproximal facet breadth:
Pairwise t-tests of differences between
least squares means

Simultaneous

Comparison p value!
P2M1 facet breadth

Archaic vs. Woodland 0.0399

Archaic vs. Mississippian 0.0003

Woodland vs. Mississippian 0.0006
M1M2 facet breadth

Archaic vs, Woodland 0.0003

Archaic vs. Mississippian 0.0003

Woodland vs. Mississippian 0.0045

'Significance was determined using the Bonferroni family con-
fidence coefficient, which takes the fact that multiple t-tests are
made on the same data into account in assigning p values.

noted in Mississippian individuals. Aside frc

the issue of whether such a disparity could ac-
count for the magnitude of intergroup differ-
ences that exist, investigation of relative rates
of occlusal wear among the three samples sug-
gests that the above scenario is likely not the
case. First, the median age for individuals at
each level of occlusal wear is consistently lower
in the Archaic than in the Mississippian (Table
7), implying that occlusal wear occurs at a
more rapid pace in Archaic individuals. This

view can also be expressed by noting in Table 7
that the time difference in median age between
M1 and M2 reaching the same level of wear
{level 3} is one year in the Archaic, and 4.5
years in the Mississippian. Although ages in
the two samples were assigned by different
workers, it is unlikely that any bias in estima-
tion techniques could account for the
systematic and appreciable differences in me-
dian age that exist between samples at all oc-
clusal wear levels.

A second approach to this problem may be
made through use of occlusal wear differentials
between M1 and M2. Within the human
species, for groups with similar tooth eruption
timings, the difference in wear level between
the first and second molars should reflect the
rate of occlusal wear —that is, the larger the dif-
ferential, the greater the rate of wear during
the 6-year time period between the eruption of
these two teeth? (see Lavelle, 1970; Walker,

7Although it may be argued with some justification that this “differ-
ential” may be of variable magnitude over the functional lifetime of the
dentition due to the over-reliance for mastication on M1 during the
period of mixed dentition (Taylor, 1963), it is nevertheless a useful, if
crude. indicator of relative rate of occlusal wear.



R. J. HINTON

110
TABLE 6. Regression of interproximal facet breadth on chronological age'
Sample Intercept Slope
Regression of P2M1 facet breadth on age
Archaic 4.11 0.06
{p = Archaic same as zero) .0001%* .0001**
Mississippian 2.93 0.05
(p = Archaic same as Mississippian} .0135* .8105
Regression of M1M2 facet breadth on age
Archaic 4.49 0.05
(p = Archaic same as zero) .0001** .0001**
Mississippian 3.35 0.03
(p = Archaic same as Mississippian) .0246* 1891

Similar multiple regressions incorporating crown breadth as one of the independent variables were performed. Although not shown, they
demonstrate the minimal effect of crown breadth on facet size in comparison to age (partial sums of squares = 17.47 for age, 5.31 for M1

breadth; 20.99 for age, 1.32 for M2 breadth).

TABLE 7. Median age at various stages of occlusal wear in Archaic and Mississippian samples

Level of occlusal wear on M1

) 3 4 5 6
Archaic
median age (yrs.) 18.0 17.5 21.0 30.5
no. 5 4 4 14
Mississippian
median age (yrs.) 23.0 30.0 30.0 35.0
no. 43 22 11 5
o Level of occlusal wear on M2
2 3 e
Archaic
median age (yrs.) 18.0 19.0
no. 6 11
Mississippian
median age (yrs.) 21.0 27.5
no. 28 42

1978). Distributions of the magnitude of the
M1-M2 wear differential (Table 8) indicate a
considerably higher percentage of individuals
in the Archaic sample exhibiting a differential
of 2 or 3 levels than in the Mississippian sam-
ple, with the Woodland intermediate in this
fraction. This disparity is particularly striking
for individuals having M1 wear levels ranging
from 4 to 6 (those levels whose scoring is most
unambiguously defined—i.e., by specific pat-
terns and extent of dentin exposure —-see Hin-
ton, 1981b). In these individuals, the percen-
tage having wear differentials of 2 or more
levels is twice as high in the Archaic as in the
Woodland, and two-and-one-half times as high
as in the Mississippian.

Admittedly, these data are hampered by
under-representation of younger individuals in
the Archaic sample (Magennis, 1977). They are
nevertheless suggestive that, if there is any
difference at all in wear rates between groups,
it is likely that the rate of occlusal wear is
greater in the Archaic sample than in the later
groups. Hence, it can be assumed that the

levels of interproximal wear observed are, if
anything, conservative reflections of inter-
group differences, since the Archaic individ-
uals in each comparison are likely about the
same age or even younger than their Mississip-
pian counterparts.

Implications for masticatory force application

Based on what is known of the functional eti-
ology of interproximal wear, it is likely that the
intergroup differences in interproximal wear
are indicative of differences in masticatory
force among these groups. Corroboration of
this notion can be sought in other features of
craniofacial skeletal morphology that have
been linked to force generation during mastica-
tion. One such feature is the size of the man-
dibular fossa (Hinton and Carlson, 1979), a
structure whose size and shape may represent
an accommodation to the size of the man-
dibular condyle with which it articulates dur-
ing dental function. That condylar size may
reflect the magnitude and frequency of forces
applied to it during mastication and/or tooth
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use has been suggested by a number of
workers, based on studies in human paleon-
tology (Wolpoff, 1975; White, 1977) and oral
anatomy (Watt and Williams, 1951; Barber et
al., 1963; Moore, 1965). Certainly experimental
studies of condylar growth and development
confirm that the condylar cartilage is respon-
sive to varying patterns and intensities of joint
reaction forces resulting from dental loading
(Simon, 1977; Carlson et al., 1978; McNamara
and Carlson, 1979). Whatever the case, there
are appreciable differences in condyle and
mandibular fossa size among extant and pre-
historic human groups (Hinton, 1981c), and
these differences are consistent with what is
known of tooth use in these groups. Thus,
while differences in condyle size are un-
doubtedly attributable to a multiplicity of fac-
tors (e.g., overall cranial size and/or robustici-
ty, genetic influences), the existence of a sub-
stantial functional component seems likely.
For the American Indian groups in question,
data on condyle and mandibular fossa size
(Table 9) are in agreement with the trends
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noted for interproximal wear. The largest
mean temporomandibular joint dimensions are
found in the sample (Archaic) in which the
largest mean interproximal wear facet bread-
ths are noted, with corresponding decreases in
TMJ size in groups having less interproximal
wear. These trends are present in both males
and females, although the number of sexed in-
dividuals in the Woodland sample is small; as
in the interproximal wear data, the Woodland
TMJ dimensions are intermediate between
those for the Mississippian and those for the
Archaic.

The circumstances of daily living that might
have prompted such differences in masticatory
force application are far from clear, but some
conjecture can be offered based on our knowl-
edge of food habits in these groups. Despite
the departure from the Archaic pattern repre-
sented by the increasing reliance on cultigens
in the Woodland and Mississippian periods, a
number of workers have noted the continued
utilization of similar plant foods and animal
resources as a substantial portion of the diet

TABLE 8. Distributions of M1-M2 occlusal wear differential' in Archaic, Woodland, and Mississippian samples

Number of individuals having

a wear differential of

Percent having

Sample -2 -1 6 @+ +2 +3 differential of +2 or +3
Individuals with Wear Levels 3-8 on M1

Archaic 0 1 34 38 10 6 18

Woodland 1 0 32 34 7 3 13

Mississippian 0 0 18 43 5 1 9
Individuals with Wear Levels 4-6 on M1

Archaic 0 1 6 10 9 4 43

Woodland 1 0 8 19 6 3 24

Mississippian 0 0 6 21 5 1 18

'M1-M2 wear differential was computed as the signed difference between the level of wear on M1 minus the level of wear on the
adjacent M2; a positive differential thus implies that M1 wear is greater than M2 wear, while a negative differential implies the

converse.

TABLE 9. Temporomandibular joint dimensions in Tennessee Indians:
Size of the mandibular condyle and mandibular fossa’

Condylar Condylar Condylar Mandibular
length breadth area fossa area?
Sample Male Female Male Female Male Female Male Female
Archaic
mean 9.1 8.7 21.5 18.9 200.9 163.6 170.9 156.3
no. 49 32 31 25 31 25 60 40
Woodland
mean 8.4 8.1 20.6 - 173.3 - 161.8 -
no. 14 6 11 11 17
Mississippian
mean 8.3 8.0 20.2 18.4 166.6 147.3 156.1 143.3
no. 49 35 41 27 41 27 62 45

'For more extensive data, see Hinton (1981c).

2Area of the mandibular fossa (temporal joint surface) was calculated as described in Hinton and Carlson {1979). Condylar area was
calculated as the product of breadth {maximum distance between the most medial and most lateral points on the articular surface) and
length (maximum anterior-posterior distance near the midpoint of the articular surface}. Condylar length and breadth are given in
millimeters, while condylar area and mandibular fossa area are given in square millimeters.
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over the entire time span from Archaic to
Mississippian (McCollough and Faulkner,
1973; Robison, 1978; Shea, 1978; Kline and
Crites, 1979). The basic similarity of food utili-
zation with the Archaic is particularly marked
for the Woodland (Dragoo, 1976; Cowan, 1978),
and may not have altered appreciably from a
gastronomic standpoint until the Mississip-
pian. Even so, it could be argued that the
observed differences in interproximal wear
{and hence, masticatory force) are less the re-
sult of what was being eaten as they are how
the food was prepared for consumption.

For the Southeastern Indians at the time of
European contact (including the likely descen-
dants of the Toqua sample), there are numer-
ous ethnographic accounts of methods of food
preparation. All emphasize the fondness of the
aboriginal inhabitants of this area for stews,
soups, puddings, breads, and various forms of
“mush” prepared by long hours of stone boiling
or baking in an earth oven (Swanton, 1946;
Campbell, 1959; Chiltoskey, 1975; Hudson,
1976). Vegetables were seldom eaten raw (Hud-
son, 1976:308) and preparation of dried meat or
vegetable foods was preceded by careful shred-
ding or grinding in a wooden mortar until a fine
consistency was achieved {see Swanton,
1946:352, 361, 371). Moreover, meat and shell-
fish were apparently cooked for many hours
until tender before being consumed (Swanton,
1946:279, 368). Finally, while some nuts and
fruits were undoubtedly eaten raw, primary
usages of the former included incorporation of
ground nuts into puddings and stews (after the
shells had been carefully removed, Swanton,
1946:365), and the conversion by pounding and
boiling of nuts into a milky oil which was used
in cooking (Chiltoskey, 1975: 238; Hudson,
1976:301).

Although there are no ethnographic ac-
counts for earlier peoples, some indication of
the prior preparation given the food consumed
can be derived from analyses of paleofecal
samples. Large numbers of paleofeces from
Late Archaic/Early Woodland contexts found
in the Salts Cave/Mammoth Cave area of
south-central Kentucky (Watson, 1974) are
comprised primarily of hickory nutshell,
chenopod and maygrass seeds, and sunflower
achenes, together with small bones, rock frag-
ments and bits of charcoal (Marquardt, 1974;
Schoenwetter, 1974; Yarnell, 1974). These find-
ings are corroborated by the presence of
similar materials in the stomach contents of
mummified human remains from the Wood-
land of Salts Cave (Robbins, 1971). Plant and
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fruit skin was also found in 15 of 27 paleofeces
examined by Marquardt (1974). With regard to
the feces from Mammoth and Salts Cave,
Yarnell (1977:866) has remarked:

...The seeds in the feces show some
evidence of roasting or parching but
no evidence of grinding or other prepa-
ration before eating. This is consistent
with the surprising amount of ‘rough-
age’ in the feces including sunflower
and sumpweed hulls, small bones, fish
scales, and large quantities of hickory
nutshell.

In one fecal specimen “an entire small mam-
mal, complete with fur and slightly disar-
ticulated” (Chapman, 1973:125, citing Yarnell,
1969) was found. These data suggest that prep-
aration of vegetable and animal food prior to
eating may have been minimal in the Archaic
and at least the early Woodland periods, and
that ethnographic accounts may be applicable
only to the Mississippian (see Chapman, 1973
for similar sentiments).

Information is not plentiful concerning the
relationship of food consistency and/or prepa-
ration to the amount of occlusal force neces-
sary for its mastication. However, it has been
shown that foods differ greatly in their
resistance to mastication (Yurkstas and Man-
ly, 1950; Anderson, 1956), with dried and raw
fruits and vegetables requiring more chewing
cycles and somewhat greater bite forces than
cooked vegetables and meat to be reduced to
similar particle sizes. In vivo measurements of
bone strain in monkeys during mastication of
various foods {(Hylander, 1979) confirm these
data, demonstrating appreciably higher levels
of mandibular bone strain for dried and/or
fibrous foods and reaching a peak for mastica-
tion of plum seeds (see also Weijs and deJongh,
1977). In addition, the cellulose component
present in the cell wall of vegetable foods and
grasses necessitates additional chewing even
for foods that do not require heavy bite forces
for reduction (Yurkstas and Manly, 1950;
Yurkstas, 1976 cited in Carlsson, 1974). There-
duction in particle size thus achieved enhances
the digestibility of the food in question
(McLeod and Minson, 1969), a desirable result
for an animal who lacks the specialized adapta-
tions of molar structure or digestive system
for such a diet (Sheine and Kay, 1977). Finally,
a number of studies have shown that mastica-
tion of tough or fibrous foods is accompanied
by greater lateral excursions of the lower jaw
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(Weijs and deJongh, 1977; Byrd et al,, 1978;
Gibbs et al., 1980), which presumably act to
amplify the lateral component of the bite force.

From the above discussion it is hypothesized
that a primary cause of the extensive inter-
proximal wear noted in the Archaic sample is
the application of large occlusal forces over the
prolonged number of chewing cycles needed to
masticate properly a rugged diet consisting of
seeds, nuts, wild plant foods, and small
animals (perhaps unboned). In comparison, the
foods of the Mississippian peoples, if we are to
judge by ethnographic accounts, would require
much less heavy chewing, a circumstance pre-
sumably reflected in their reduced interproxi-
mal wear in relation to both the Archaic and
Woodland. The generally intermediate levels
of interproximal wear in the Woodland sample
may relate to the introduction of pottery dur-
ing this time period (Dragoo, 1976). In addi-
tion, the adoption of the earth oven, which is
common in Tennesee Valley sites by the Mid-
dle Woodland (Faulkner and McCollough,
1978) but which is encountered as early as the
Terminal Archaic (McCollough, 1973; Chap-
man, 1973; McCollough and Faulkner, 1973),
may have assisted in cooking foods to a con-
sistency requiring less strenuous mastication
(as documented ethnographically). The total
absence of nutshell in a small (N = 5) sample of
paleofeces from the Late Woodland of eastern
Kentucky (Cowan, 1978) is suggestive of a
change in food preparation or nature of foods
consumed, in comparison with the abundant
nutshell in feces from the Late Archaic
Salts/Mammoth Cave. However, Cowan (1978)
has interpreted this absence, together with the
presence of bark in all five fecal specimens, as
evidence of seasonal nutritional stress. The
possibility of nutritional stress has also been
suggested for the Late Woodland of the II-
linois Valley, based on lowered survivorship,
more frequent tooth enamel defects, and re-
duced protein intake as compared to Middle
Woodland populations of the area (Buikstra,
1977; Cook and Buikstra, 1979). Clearly, addi-
tional study of Woodland sites (especially Ear-
ly and Middle) by both archeologists and phys-
ical anthropologists is necessary to elucidate
this matter.

Implications for a functional model
of interproximal wear

Although many questions remain, this
study has demonstrated that relatively and ab-
solutely larger amounts of interproximal wear
occur in human groups whose mode of subsis-
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tence and/or techniques of food preparation ne-
cessitate the habitual application of large oc-
clusal forces during mastication. Although
multiple factors undoubtedly play a part in the
production of interproximal tooth wear, the re-
sults of this study suggest that the magnitude
and frequency of applied occlusal forces may
be of appreciable importance. Specifically, the
data presented here provide support for a
model relating interproximal wear facet pro-
duction to the magnitude and frequency of ap-
plication of a mesial force vector, which is itself
the result of the lateral and vertical com-
ponents of the bite force acting on mesially-
inclined tooth crowns. A further point relevant
to this model may be noted by inspection of
mean interproximal wear stratified by occlusal
wear level as presented in Table 2. In all three
samples, the M1M2 facet breadths are in most
instances larger than the P2M1 facet breadths,
when compared at the same level of occlusal
wear. This disparity is most pronounced in the
Archaic sample. Within groups, attainment of
the same level of occlusal wear is presumably
indicative of similar amounts of time under ap-
plication of the mesial force vector from teeth
distal to the tooth in question. It is possible
that the larger mean facet breadth for M1M2 is
due to the greater angulation of the M2 roots in
the mesial direction as compared to the angula-
tion of the M1 roots (average of about 15° from
the vertical for lower M1, 27° for lower M2;
data from Kraus et al., 1969). Thus, within
groups, the difference in angulation should
produce, for the same bite force, a larger mesial
force vector at the junction of M1 and M2 than
at the junction of P2 and M1. Between groups,
the difference in angulation would tend to
amplify the effect of any intergroup dif-
ferences in bite force on the production of a
mesial force vector, so that the disparity be-
tween P2M1 and M1M2 facet breadth should
be (and is) largest in the Archaic sample. A
similar comparison of P2M1 and M1M2 facet
breadths in maxillary molars should comprise
a test of this suggestion, since the difference in
root angulation is much less pronounced in
these teeth (12° for upper M1 and 10° for up-
per M2; data from Kraus et al., 1969).
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