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An evaluation of overjet and attrition
in skulls of aboriginal California
populations, finding a strong negative
correlation.

The edge-to-edge bite in humans
has drawn the attention of dental and
anthropological researchers for at least
90 years. A recurrent focus has been
the relationship between overbite and
edge-to-edge bite.

The literature has long shown con-
fusion over apples-to-oranges compari-
sons between overbite and edge-to-
edge bite. Overbite is a vertical attri-
bute, but it is sometimes loosely used
to indicate the horizontal relationship
more correctly described as overjet.
What is commonly called an edge-to-
edge bite is a state of zero overjet, fre-
quently associated with worn-down
anterior teeth that have lost some of
their former vertical dimension.

Most anthropological writings fail
to separate the vertical dimension
from the horizontal, sometimes com-
paring lightly worn teeth to heavily
worn ones and then studying popula-
tion differences between groups with
disparate levels of attrition,

Normal overjet and edge-to-edge
bite are often viewed as dichotomous,
but recent anthropological thinking
argues for a transition from positive
overjet to zero overjet with high attri-
tion levels. The highly processed con-
stituents of modern diets contribute
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very little to tooth wear. In contrast,
a more natural fare of coarser food
stuffs not only supplies more ambient
grit than a refined diet, but also re-
quires greater effort and time to chew
before swallowing. Many studies have
demonstrated that diet and attrition
are often closely related, so that a
change in one can affect the other.

The physiological development of
edge-to-edge bite may be a conse
quence of either dietary function or
heredity, or both, so explaining the
progression of this condition has den-
tal implications as well as evolution-
ary interpretations,

This study examines the relation-
ship between edge-to-edge bite and
attrition in a primitive population.
The data suggests that attrition may
have even greater import than con-
ceded thus far,

REVIEW OF LITERATURE

Turner, 1891, one of the earliest
writers to discuss edge-to-edge bite,
felt that it was not due to a forward
growth of the mandible relative to the
maxilla, but rather to a difference in
cranial base length. Comparing 20
aboriginal Australian crania to those
of Lowland Scots, Turner suggested
the shorter Scot base line made the
face more vertical and caused the
mandible to recede, thereby contain-
ing the lower arch within the upper.
The longer Australian base line pro-
duced a more prognathic maxilla and
more protrusive mandible, with an
edge-to-edge bite.

Keith (1928) noted that most Brit-
ons have an overbite, while their
Anglo-Saxon predecessors had edge-to-
edge bites. Considering this common
to all primitive human races, he sug-
gested that the difference was a mat-
ter of function, or diet, rather than
form or heredity. However, he amends
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this: “the cause must be sought . . . in
the nature of the stock as well as in
the food” (Murphy, 1958).

Cameron (1934) pointed out that
all British Neolithic dentitions dem-
onstrated an edge-to-edge bite, and at-
tributed it to mandibles with a more
obtuse angle than modern Britons’,
which have overlapping bites. Copper
Age Minorcan and Eskimo incisors
also meet edge-to-edge. He asserts that
edge-to-edge bite produces character-
istic wear, not vice versa.

Klatsky and Fisher, 1953, maintain
edge-to-edge bite is of genetic origin,
characteristic of certain ethnic stocks,
while overbite typifies most modern
peoples. If edge-to-edge bite is heredi-
tary, it cannot be altered much by the
environment or by function.

Mattingley, 1915, felt edge-to-edge
bite is natural to native Australians
and the rule rather than the exception
among prehistoric humans. Neverthe-
less, Wright responds that effects of
attrition should not be ignored, and
Prytz wonders whether edge-to-edge
bite is not simply due to mechanical
action (Philpots, 1915).

Campbell, 1925, agrees that edge-to-
edge bite is found among all primi-
tive and prehistoric races. However,
he relates it to occlusal attrition, re-
sulting in apparent shifting forward
of the lower anterior teeth relative to
the upper anterior teeth. The actual
mechanism for the change is attri-
tional reduction of tooth height! (Fig.
1).

Others remark on the significance
of attrition. Leigh, 1928, connects
edge-to-edge bite with advanced at-
trition. Box, 1940, concludes that in
modern dentitions edge-to-edge occlu-
sion is seldom achieved because of
sparse occlusal attrition. Emslie, 1952,
views it as the result of marked attri-
tion in a normal occlusion. Begg,
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Fig. 1

Profile of an idealized adult dentition (after Bass, 1971) with: (A) no wear—

shown slightly out of occlusion to show incisor overbite; (B) simulated loss of 14 crown
height; and (C) simulated loss of 24 crown height. Maxillary (soild line) and man-
dibular (dashed line) arch outlines are shown below.

1954, 1965, 1977, discusses attrition in
great depth as producing edge-to-edge
bite. Lysell, 1958a, b, mentions a
trend of smaller overbite with greater
age and attrition.

Murphy, 1958, regards adult man-
dibular changes as a consequence of
tooth attrition. His data suggest that
life-long vertical tooth eruption makes
up for attritional loss until wear ex-
ceeds the eruption rate, whereupon
bony changes ensue. The condyles
grow and shift, as does the mandibu-
lar angle from basal plane to ramal
plane. The net result is a mandible
rotating upward and forward relative
to the maxilla as attrition progresses.
Murphy, 1959, states that heavy attri-
tion among Australian aborigines re-
duces facial height after tooth erup-
tion lags behind the attrition rate.

Lysell, 1958b, and Begg, 1965, 1977,
observed that upper incisors with
heavier attrition are less procumbent
than those with lighter wear. Lysell
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finds 12.5° less mean labial inclina-
tion of upper central incisors between
a group with slightly worn teeth and
another with markedly worn ones. He
suggests that this is due to greater re-
liance on lip muscles to tear food as
the incisors wear flatter.

Begg, 1965, 1977, expounds upon
Lysell, 1958b, adding anterior pres-
sure of the tongue to posterior pres-
sure of the lips. Judging from his fig-
ure 50, Begg suggests the upper lip
tips the upper incisors lingually while
the tongue tips the lower incisors
labially. He supposes some growth
component also affects incisor inclina-
tions.

Lysell, 1958a, measured incisor over-
bite and overjet in addition to incisor
inclination. Overjet was measured
horizontally to the nearest 0.5mm and
recorded only for left and right pairs
of central incisors. Both overbite and
overjet were found to decrease with
increased age, accompanied by in-
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creased attrition. Lysell, 1958a, Fig. 7,
illustrates one individual out of 37
with a negative overjet (—0.5mm).

Begg, 1965, Fig. 51, shows an up-
per and lower central incisor in occlu-
sion before and after attrition. The
lower incisor appears after attrition as
the more anterior tooth, indicating
relative mandibular prognathism or
negative overjet. However, Begg and
Kesling’s 1977 revised Fig. 51 ends not
in negative overjet but rather in an
edge-to-edge bite.

METHOD AND MATERIALS

Data for this study were derived
from two aboriginal California archae-
ological populations. Fifteen indi-
viduals are from Malibu (CA-LAn-
264), held by the University of Cali-
fornia, Los Angeles, and 28 are from
Cafiada Verde, Santa Rosa Island
(CA-131.41A), held by the Santa Bar-
bara Museum of Natural History.
These 43 individuals represent adults
with relatively complete and intact
dentitions that could be measured and
occluded with confidence. They were
selected from sample sizes of 40 and

§9 for Malibu and Cafiada vCluC re-

spectively. Radiocarbon dates (UCLA
#1863, 1886, 135, and 178) indicate
that the two collections are roughly
contemporaneous, about 800 to 1000
years old.

Occlusal Attrition

Each tooth was given an occlusal
attrition score from 1 to 9 (1 being
worn the least). This scale is adapted
from Molnar’s, 1971, range of 1-to-8
by adding a value 9, which is defined
as ‘non-molars very short, and multi-
root molars almost or fully dehisced.’

Third molars were not evaluated
because their later eruption or po-
tential absence would skew compari-
sons between individuals with and
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without them. Thus a maximum of 28
teeth were scored for each individual.

Occlusal attrition scores were aver-
aged for each skull to yield the follow-
ing values.

Individual Attrition Score

Individual attrition scores, the
mean for 21 or more teeth of an indi-
vidual, were computed to the nearest
0.1 attrition value. Given that attri-
tion increases with age and that the
individual attrition score averages an
entire dentition, this score was as-
sumed to provide a rough indication
of relative chronological age. Other
indicators of age were not assessed.

Labial Overjet

The mean overjet of the left and
right central incisors, when present;
otherwise, a near approximation was
made with indirect antagonist pairs
by combining central and lateral in-
cisors.

To determine overjet, pairs of man-
dibles and maxillae were occluded by
hand to attain the best approxima-
tion of centric occlusion, based on
minimal buccolingual and Iabiolin-
gual play of the jaws. Postmortem
arch reconstructions were rejected
from this study in cases where the re-
construction could affect this position.
Since greater occlusal attrition in-
creased the range of movement around
centric occlusion, overjet measure-
ments were less replicable in severely
worn dentitions.

Overjet was measured as the hori-
zontal distance from the buccal
enamel surface of a maxillary tooth
to that of its mandibular antagonist,
or vice versa. When there was no di-
rect antagonist, overjet was measured
from the more buccal tooth to its in-
direct antagonist, the tooth of the op-
posite jaw in mesial or distal contact.
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Sliding calipers: distal end

lingual

depth probe me

buccal

lingual

transverse line

Fig. 2 Method of measuring molar overjet on unworn and worn molars,

Overjet was gauged by placing the
fixed end of sliding vernier-scale cali-
pers against the most buccal aspect of
the more prominent tooth of an an-
tagonist pair (Fig. 2A). When a tooth
was very worn, overjet was measured
from or to the most buccal aspect of
its cemento-enamel junction (Fig. 2B).
The depth probe was then extended
to the more lingual antagonist to mea-
sure the horizontal distance. All over-
jets were recorded to the nearest
0.05mm and means averaged to the
nearest 0.0lmm. Overjets with posi-
tive values indicate a more prominent
maxillary tooth, negative values a
more prominent mandibular tooth,

Lateral Overjet

The mean overjet of left and right
sides of an individual dentition, taken
from the most buccal tooth of the
wider arch, normally at the maxillary
first molar, to its direct or indirect
antagonist.

REsuLTs
Replicability
Attrition scores and overjets were
tested for their ranges of replicability
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at the 959, confidence level. Jaws of
five Malibu individuals were each po-
sitioned and measured 10 times, and
the results evaluated with a chi-square
variable to produce a chi-square prob-
ability  distribution (Mendenbhall,
1979). These tests showed replicabil-
ity ranges with 959, confidence for
occlusal attrition scores =+1, lateral
overjet *0.5mm and labial overjet
*0.5mm. This level of accuracy for
overjet compares with Lysell, 1958a.

Correlations

Linear correlation coefficients (Pear-
son’s r) for pairs of the variables lat-
eral overjet, labial overjet and indi-
vidual attrition are summarized be-
low and shown in Fig. 3.

Pearson’s r
Lateral overjet (LtO) 1.00
Labial overjet (LbO) 0.32 1.00

Individual attrition (IA) —0.59
LtO

—051 1.00
LbO IA

The data were also subjected to
logarithmic, exponential and power
curve fits. These were never over 0.02r
value greater than the linear relation-
ships, suggesting truly linear covaria-
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Labial Overjet (mm)

-3-2-1 01 2 3 45 1

Labial Overjet (mm)

2 3 45 6 7 89 1

Individual Attrition

2 34546 7 8 9
Individual Attrition

score

Fig. 3 Bivariate linear regressions for lateral overjet vs. labial overjet, and lateral and
labial overjets vs. individual attrition score. The t-test (d.f. = 41) values are: (A)
t =352 p< 0L (B) t= —931, p< 0l; (C) t= —7.70, p< .0l (after Mendenhall,

1979).

tions. Even though there was little
correlation between lateral and labial
overjet (Fig. 3A), they correlate ap-
preciably better with individual attri-
tion (Fig. 3B, C). In fact, the individ-
ual attrition correlations have virtu-
ally identical slopes, with overjet di-
minishing at the same rate with in-
creased attrition.

DiscussioN

The data indicate that lateral and
labial overjets are not only lower
with increased attrition, but may ac-
tually become negative. The mandi-
ble potentially becomes the wider
arch when the individual attrition
score exceeds 5.9. It becomes the more
anterior arch when individual attri-
tion surpasses 6.7. It appears, then,
that attrition is related to low labial
overjet and a state of relative man-
dibular prognathism, although such
correlations do not establish cause-
and-effect relationships.

While the production of negative
overjet with increased attrition seems
unusual, it is not inconceivable for
labial overjet. At least one of Lysell’s,

1958a, subjects demonstrates negative
labial overjet and Begg, 1965, Fig. 51,
implies that same likelihood.

Although it may seem curious that
lateral overjet becomes negative too,
a consideration of arch form may il-
luminate this,

DuBrul, 1980, maintains that greater
attrition reduces overjet laterally and
labially, yielding an edge-to-edge bite.
He also reports that the maxillary
arch is elliptical, the mandibular arch
parabolic. As labial overjet lessens
and the mandible shifts anteriorly
(Murphy, 1958) with attrition, the
parabolic mandibular arch moves for-
ward in occlusion relative to the max-
illary arch. Hence the maxillary arch,
which is less divergent posteriorly, is
narrower in relation to the occluding
anterior-shifting mandible, the arch
of which is progressively wider in the
posterior region. The lower half of
Fig. 1 illustrates this change as seen
from above.

Another observation may clarify our
understanding of diminishing labial
overjet. Patrick Turley (personal com-
munication) says this change may be
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due simply to attrition of tooth height.

To demonstrate, Fig. 1 starts with
an ideal, unworn adult dentition with
normal overbite. A constant pivot
point (represented by a large dot) is
established at the most superior as-
pect of the temporomandibular fossa.
Next, 1/3 crown-height attrition, ap-
proximating individual attrition score
5.5, is simulated for both arches and
the mandible pivots into an edge-to-
edge relationship. Finally, 2/3 crown-
height attrition is simulated, approxi-
mating individual attrition score 7.0,
and the mandible pivots into a state
of negative labial overjet or relative
prognathism.

The profiles in Fig. 1 have not been
altered in any way except for reduc-
tions of tooth height. Thus, even
without changing the mandible’s
shape (Murphy, 1958) simulated at-
trition can produce edge-to-edge bite
or even negative overjet. Unfortu-
nately, models cannot account for the
normal compensatory eruption noted
by Begg, 1954, 1965, 1977, and Mur-
phy, 1958-59, although the simulated
reductions in facial height with in-
creased wear seem consistent with
Murphy, 1959. Nor do the drawings
allow for procumbent incisors (Lysell,
1958b; Begg, 1965, 1977). Notwith-
standing these shortcomings, pivoting
the mandible upward on its arc pro-
vides a simple explanation of overjet
changes with attrition.

CONCLUSION

It appears that the incisor relation-
ship changes from one of positive
overjet to edge-to-edge bite as occlu-
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sal attrition progresses. This study
posits a continuation of the process,
culminating in negative labial over-
jet, which could be described as rela-
tive mandibular prognathism.

Greater wear is associated with
negative overjet laterally as well as
labially, possibly due to different geo-
metrical shapes of the upper and
lower arches.

A certain percentage of most mod-
ern populations displays a class III
malocclusion (negative overjet of up-
per and lower incisors). Many archae-
ological populations seem to have a
much higher incidence of this rela-
tionship that may not be genetic. The
fact that this incidence is correlated
with individual attrition score sug-
gests the possibility of a relationship
to age (Patrick Turley, personal com-
munication).

Genetics plays a considerable role
in producing a certain frequency (3
to 69,) of edge-to-edge bites, but its
increased incidence with greater age
cannot be explained genetically (Pat-
rick Turly, personal communication).

Yet it is equally apparent that attri-
tion may not be the only force in-
volved. The wide variation seen in
Fig. 3 suggests the strong possibility
of other factors at work even in these
populations. We have not adequately
addressed the roles played by pro-
cumbent incisor changes or continu-
ous tooth eruption, among others. No
doubt a number of other forces have
varying degrees of impact on incisal
bite and considerably more remains
to be learned in resolving the nature
of such occlusal changes.
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