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INTRODUCTION

Recent attempts to reconstruct life histories of fossil hominids have focused on the'
dentition as a reliable source of infonnation on developmental rates. This as it is assumed
that dental maturation is highly synchronized with general body development (Dean et
aI., 1986; Smith, 1991). Most of the research carried out on dental development in fossil
hominids has focused on studies of the later stages of crown and root development,
estimated from enamel apposition rates (Beynon, 1992; Beynon and Dean, 1987; Beynon
and Wood 1987; Ramirrez-Rozzi, 1993) or crown and root development estimated from
radiographs or single C-t scans (Conroy and Vannier, 1987; Faennan et aI., 1994; Mann
et aI., 1990; Skinner and Sperber, 1982). However it is also possible to study earlier
stages of the ontogeny of these fossil teeth, since the dentine-enamel junction (DEI)
provides a penn anent record of the balance achieved between cell growth and
differentiation at an early stage of development. Moreover, this can be compared to the
final shape of the crown seen at the outer enamel surface (OES), so providing information
on two successive phases of growth within a single tooth.

The potential value of the DEI for studying ontogeny and phylogeny has long been
realized (Butler, 1968; Korenhof, 1960; Kraus, 1952, Kraus and lordan, 1965), but its
application to fossils has been limited until now by the difficulty of visualizing the DEI
without destroying either dentine or enamel. The development of three dimensional
imaging systems has removed this obstacle, and Smith et aI., (1997) used serial C-t scans
to develop a three dimensional model for comparison of selected locations at the DEI and
OES of modern and fossil teeth.

In this paper we describe a new computerized three dimensional model derived from
serial C-t scans, that can be viewed from any angle or superimposedon any other tOoth
for direct comparison. The model is extremely flexible and was designed to obta~n
infonnation on global size and shape change in teeth. It has been applied here to analysIs
of growth in the first permanent (Ml) and second deciduous (DM2) molars. We propose
that the shape and size changes observed reflect growth trajectories within the teeth aJl~
can be used to reconstruct the ontogeny of tooth development in both living and fOSSI

hominids. The rationale for using C-t scans and the accuracy of the method has b.ee,n
discussed in detail in Smith et aI., (1997). The great advantage of the method is that It I~
non-invasive, can be applied to both recent and fossil teeth and provides excellen
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delineation of both the DEl and DES. The main limiting factor is the accuracy of
identification of data points, but this can be estimated by repeated scanning and
measurement of selected teeth.

MATERIALS AND METHODS

Mandibles of 14 infants recovered from archaeological excavations in Israel and dating to
between 6000 B. P. and 200 A.D. were used in this study. Selection was based the
presence of an unworn DM2 and unerupted Ml with at least % of the crown complete.
Serial C-t scans were then taken along the mesio-distal axis of the lower DM2 and MI.
The C-t scans were made using an Elscint 2400 model, with scans 1.2 mm thick, but
taken at 0.5 mm intervals to give intercalated scans. Using a work station and optimizing
window settings for each reading (Le., separate readings for the enamel-air and enamel-
dentine boundaries), X and Y co-ordinates were registered for 8 sites on each scan as
shown in Figure 1. The third coordinate, z, was calculated from the distance between
successive slices. All scans were re-measured on separate occasions. Where differences
exceeded 3%, teeth were re-scanned and if easily duplicable measurements could not be
obtained they were excluded from analysis. When all scans of anyone tooth had been
examined in this way, the co-ordinates were entered into a data base and used to create a
three dimensional image using the program described below.

Fig. 1. The Cot scan:
The CT scan results in a series of 2-dimensional images (slices) of a tooth profile. Such an im-
age would typically look like that shown below
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.t~ough each point across the lines can be measured, there are several key-points in each sec-
o .

(points'a' to 'h' in figure 1) that are sufficient to supply all the information needed.
r!"ally, the CT scan resolution (distance between sections) is 0.5 mm, and a typical tooth

wiIIresult in about 20 slices.


