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Life History Variables Preserved in Dental
Cementum Microstructure

Daniel E. Lieberman

The age and season of death of mammals, as well as other aspects of their life history,
can be estimated from seasonal bands in dental cementum that result from variations in
microstructure. Scanning electron micrographs of goats fed controlled diets demonstrate
that cementum bands preserve variations in the relative orientation of collagen fibers that
reflect changes in the magnitude and frequency of occlusal forces from chewing different
quality diets. Changes in the rate of tissue growth are also reflected in cementum bands

as variations in the degree of mineralization.

Cementum is an avascular, bone-like tissue
that anchors tooth roots by mineralizing
extrinsic collagen fiber bundles (Sharpey’s
fibers) produced in the periodontal ligament
(1, 2). Cementum, which is continuously
deposited and rarely remodeled or resorbed,
grows in incremental bands (Fig. 1) that are
visible in cross sections through tooth roots
in polarized light or stained sections (3).
Correlations between cementum bands and
the age and season of death of mammals
have been recognized for more than 30 years
(4-6), but the underlying causes of the
bands have been unknown. In most mam-
mals, opaque acellular bands tend to be
deposited during seasons of reduced tissue
growth (such as winter), and translucent
bands (cellular or acellular) tend to be de-
posited during seasons of rapid tissue growth
(such as spring and summer) (7-10). In this
report, I demonstrate that bands in cemen-
tum are caused by two different phenomena,
occlusal strain and growth rate, that can be
used to reconstruct significant life history
variables of mammals after death.
Cementum has a complex three-dimen-
sional microstructure that reflects its func-
tion to maintain teeth in position for effec-
tive occlusion in spite of the high strains
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caused by chewing (11). Scanning electron
microscope (SEM) micrographs of fractured
tooth roots (Fig. 2A) show that cementum
microstructure is influenced principally by
Sharpey’s fiber orientation. Sharpey’s fibers

Fig. 1. Cross section of goat tooth showing
location of tissues, increments, and collagen
fiber orientation in increments. (A) Schematic
cross section of lower first molar (M,) showing
location of enamel (e), dentine (d), acellular
cementum (a), celiular cementum (c), and root
canal (r). (B) Transmitted polarized light micro-
graph of ground section (50 pm thick) of M, from
lingual surface near enamel-dentine-cementum
junction. The goat was fed hard food for 4
months, soft food for 4 months, and hard food for
4 months. Dentine (d), first translucent incre-
ment corresponding to harder food diet for first 4
months (t,), opaque increment corresponding to
softer food diet for middle 4 months (0), second
translucent increment corresponding to harder
food diet for last 4 months (t,), and granular
layer of Tomes (the cementum-dentine border)
(g). Tissue deposited during each phase was
labeled with calcein (20 mg per kilogram of
body weight), oxytetracycline (50 mg/kg), and
alizarin red (50 mg/kg). Scale bar represents 10
wm. (C) Idealized reconstruction of collagen
orientation in cementum bands in (B), depicting

quake Information Center.
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in cellular and acellular cementum tend to
be oriented parallel to one another at an
oblique angle relative to the dentine-cemen-
tum border. Sharpey’s fibers in cementum
are therefore aligned so as to counter the
tensile forces that tend to depress teeth in
their alveoli during occlusion. In addition,
the predominant orientation of intrinsic col-
lagen fibers within the cementum matrix is
perpendicular to the Sharpey’s fiber bundles
(Fig. 2B). These fibers also appear to wrap
around Sharpey’s fibers (13). Cementum
microstructure is thus analogous to other
mineralized tissues, such as bone or tendon,
in which collagen fibers are generally aligned
at right angles to each other (13-16). How-
ever, unlike bone or tendon, cementum
microstructure is determined primarily by
extrinsic collagen.

I tested the effects of changes in diet on
cementum microstructure in a controlled

larger Sharpey's fiber bundles, which vary in orientation between bands, and the smaller fibers of
intrinsic collagen that are aligned at right angles to the Sharpey’s fibers. Sharpey’s fiber bundles
mineralized under conditions of higher bite force (increments t, and t,) are more vertically oriented
than those mineralized under conditions of lower bite force (increment o).
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