
Available online at www.sciencedirect.com
Journal of Human Evolution 54 (2008) 169e172
Preface

Dental tissue studies: 2D and 3D insights into human evolution
Students of human and primate evolution cannot escape the
reality that much of what we know about evolution derives
from dental remains, which are ‘‘taphonomically robust’’ rel-
ative to the other hard and soft tissues constituting mammalian
forms. Paleoanthropologists have labored for over a century to
assess aspects of tooth size, shape, and number in order to
understand evolutionary changes and relationships in the pri-
mate lineage. In some instances, teeth represent the sole evi-
dence of extinct primate species (e.g., Chinjipithecus atavus;
von Koenigswald, 1981), while in many other cases, dental
remains make up the vast majority of fossil evidence docu-
menting a species (e.g., Gigantopithecus blacki, reviewed in
Kupczik and Dean, 2008). Recent molecular and developmen-
tal studies have issued cautionary conclusions regarding tradi-
tional analyses of dental remains (e.g., Collard and Wood,
2000; Hlusko et al., 2004; Kangas et al., 2004). While analyses
of tooth size and shape remain relevant for addressing partic-
ular questions, it is clear that new approaches to interpreting
primate dental tissues are needed. This special issue of Journal
of Human Evolution features contributions focused on assess-
ing aspects of dental development and structure using two- and
three-dimensional (2D and 3D) approaches, ranging from den-
tal histology to phase contrast X-ray synchrotron microtomog-
raphy. The contributions to the special issue are intended to
synthesize and advance previous 2D and 3D dental tissue
research with newly developed analytical approaches and
expanded comparative information on internal and external
aspects of primate tooth growth and form.

On September 20e23, 2006, the Department of Human
Evolution at the Max Planck Institute for Evolutionary
Anthropology (MPI-EVA) and the European Virtual Anthro-
pology Network (EVAN) co-hosted an international Dental
Tissues Workshop at the MPI-EVA in Leipzig, Germany.
This event provided a key training opportunity for EVAN fel-
lows, as well as a chance for leading specialists to discuss and
debate how dental tissue research is advancing the study of
human evolution. Research reports, keynote lectures, and in-
teractive workshops on theoretical and technical aspects of
dental tissue research were presented, and thirty-six individ-
uals from ten countries took part (Fig. 1). Keynote lectures
on virtual paleoanthropology, life-history variation, and den-
tine development were delivered by Jean-Jacques Hublin, B.
Holly Smith, and M. Christopher Dean, respectively. Work-
shops held in state-of-the-art laboratories demonstrated the
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acquisition and analysis of micro-focal computed tomographic
(mCT) data, as well as the preparation of histological sections
and quantification of incremental dental development. Origi-
nal research reports were presented within the themes of
‘‘New Dimensions and Research Innovations,’’ ‘‘Primate Evo-
lution,’’ and ‘‘Hominin Evolution.’’ A number of these reports
are featured in the pages of this volume, which may be
divided into 2D and 3D studies of dental microstructure and
tooth growth (Dean and Vesey, 2008; Guatelli-Steinberg and
Reid, 2008; Reid et al., 2008; Smith, 2008; Tafforeau and
Smith, 2008; Zhao et al., 2008) and 3D studies of tooth
structure (Kupczik and Dean, 2008; Olejniczak et al., 2008;
Skinner et al., 2008).

The Leipzig Dental Tissues Workshop also marked the 10-
year anniversary of the international workshop on Enamel
Structure and Development, and its Application in Hominid
Evolution and Taxonomy’’ held in Paris, France, in 1996
(see Ramirez Rozzi, 1998), and the 17-year anniversary of
the ‘‘Primate Dental Symposium’’ held at the 1989 American
Association of Physical Anthropology Meetings in San Diego,
California (see Winkler and Swindler, 1991). Studies of incre-
mental tooth growth have continued to increase in number
since the early 1980s (Fig. 2). During the past two decades,
Journal of Human Evolution, in particular, has served as an
important forum for the dissemination of ideas and data on
hominoid incremental tooth development, representing the
single largest publisher of this research (more than 20% of
the 95 papers in Fig. 2).

The research reports delivered in Leipzig demonstrate that
the study of dental tissues has progressed over the past few de-
cades. For example, debates about the fundamental nature of in-
cremental features have been resolved (reviewed in FitzGerald,
1998; Smith, 2006), as have issues of life-history differences
between early hominins and modern humans (reviewed in
Winkler and Swindler, 1991; Smith and Tompkins, 1995).
The potential for incremental features to provide evidence
for fossil ape and human life history continues to be dem-
onstrated in a growing number of fossil taxa (e.g., Dean
et al., 2001; Kelley and Smith, 2003; Dean, 2006; Smith
et al., 2007a; Zhao et al., 2008). In addition, studies of in-
cremental development are now regularly incorporating sam-
ple sizes suitable for statistical analyses (e.g., Schwartz
et al., 2001; Smith et al., 2007b,c; Guatelli-Steinberg and
Reid, 2008; Reid et al., 2008), facilitating the transition



Fig. 1. Participants in the Dental Tissues Workshop held at the Max Planck Institute for Evolutionary Anthropology in Leipzig, Germany. Front row (left to right):

Holly Smith, Tanya Smith, Jean-Jacques Hublin, Yi Seung-Won, Sam Cobb, Don Reid, Paul Tafforeau, Matt Skinner, Pam Walton. Second row (left to right):

Wendy Dirks, David Keinan, Luca Fiorenza, Mandy Teichmann, Almudena Estalrrich, Fernando Ramirez Rozzi, Ottmar Kullmer, Mark Skinner, Lingxia

Zhao, Chia Lin Lo. Third row (left to right): Fred Spoor, Gal Avishai, Flora Gröning, Priscilla Bayle, Philipp Gunz, Heiko Temming, Samuel Garcı́a Vargas,

Olga Panagiotopoulou, Anthony Olejniczak, Jay Kelley, Kornelius Kupczik, Robin Feeney, and Chris Dean. (Missing from photo: Kierstin Catlett, Bill Kimbel,

Thomas Koppe, Ralf Radlanski.)
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from descriptive studies to an analytical, comparative bio-
logical approach.

Advances have also been made in the assessment of modern
human population variation; histologically derived crown-
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Fig. 2. Number of studies of incremental development in hominoid primates

from 1983 to 2006 (data from Table 1 of Smith, 2008). More than 10% of

these papers appeared in special issues of American Journal of Physical An-
thropology (Volume 86, Number 2, 1991) and Journal of Human Evolution

(Volume 35, Number 4/5, 1998), resulting from the San Diego Symposium

and the Paris Workshop. Following 1998, there has been an average of five

studies published per year.
formation data for each tooth type are now available for pop-
ulations from northern England and southern Africa (Reid and
Dean, 2000; Reid and Dean, 2006; Reid et al., 2008) and for
multiple dentitions of chimpanzees and gorillas (Beynon
et al., 1991; Reid et al., 1998; Schwartz et al., 2006; Smith
et al., 2007b). Dentine development and root growth data are
increasing for a number of living and fossil apes and humans
(reviewed in Dean, 2006, 2007; Smith, 2008; see also Dean
and Vesey, 2008).

Nondestructive approaches to characterizing tooth growth
continue to be developed, including portable confocal micros-
copy (Bromage et al., 2007), and the use of mCT for the assess-
ment of cuspal enamel thickness (Smith et al., 2006, 2007a).
One promising avenue for future developmental studies is
the application of phase contrast X-ray synchrotron microto-
mography (Tafforeau, 2004; Tafforeau et al., 2006, 2007;
Tafforeau and Smith, 2008), which facilitates nondestructive
assessments of internal features, crown formation time, and
age at death in fossil hominin dentitions (e.g., Smith et al.,
2007a).

Studies of enamel thickness and internal structure have also
recently benefited from rapid advances in nondestructive mCT;
the development and availability of mCT has led to a number
of recent Ph.D. dissertations on tooth structure (e.g., Kupczik,
2003; Tafforeau, 2004; Olejniczak, 2006). Dental tissue vol-
umes (e.g., Avishai et al., 2004; Kono, 2004; Macchiarelli
et al., 2006; Smith et al., 2006; Olejniczak et al., 2008) and
the morphology of the enamel-dentine junction (e.g., Olejniczak
et al., 2004, 2007a; Skinner et al., 2008) may now be quantified
nondestructively and accurately (Tafforeau, 2004; Olejniczak
and Grine, 2006). Visualization of previously inaccessible
aspects of dental anatomy facilitates refined assessments of
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primate diets and characters employed in cladistic and taxo-
nomic analyses (e.g., Brunet et al., 2005; Kupczik and Dean,
2008; Olejniczak et al., 2008; Skinner et al., 2008).

The application of synchrotron microtomography in paleo-
anthropology, which represents a complementary approach to
laboratory mCT (Olejniczak et al., 2007b), remains a promising
avenue for future research, facilitating the integration of devel-
opmental and structural studies (Tafforeau, 2004; Smith et al.,
2006; Tafforeau et al., 2006; Smith et al., 2007a). As noted by
Olejniczak et al. (2008), dental tissue research that centers on
the elucidation of the dental ‘‘character complex’’ (tissue de-
velopment, thickness, shape, and volume) is emerging with
these new technological advancements as a powerful analyti-
cal approach to interpret the human and primate fossil record.
We hope that this volume serves to highlight some of these
cutting-edge applications, and provides a perspective on the
future of paleoanthropological dental-tissue research.
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