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ABSTRACT

Dental wear facets on the occlusal surface of premolars and molars are traces of their main function, the
mastication and therefore reflect masticatory movements and also paramasticatory (i.e. non-dietary use
of teeth) behavior. Here we present the Modular Wear Facet Nomenclature applicable to most mammalian
dentitions. Topographic positions of wear facets in relation to the major cusps and crests of the teeth are
used to designate the areas of the occlusal surface the facets occupy (e.g. their mesial, distal, lingual, or
buccal position). Previous published systems for labeling wear facets have been inconsistent with each
other. Therefore, we provide a synoptic review of the most widely-used terminologies, and introduce
the alternative Modular Wear Facet Nomenclature. This nomenclature aims to overcome the difficulties
caused by the existing inconsistent wear facet terminologies. Our new approach is applicable to dentitions
where the occlusal morphology does not change significantly for most of the lifetime of the animal. In
those dentitions, the primary occlusal surfaces are not significantly modified as wear facets become more
extensive with wearing. This appears to be a common pattern in pre-tribosphenic, tribosphenic molars,
and the teeth derived from tribosphenic precursors (e.g. bunodont molar morphologies). In teeth where
the secondary occlusal surface is functionally intensely modified (i.e. high-crowned and evergrowing
teeth with large areas of dentine exposed) any facet labeling system appears to be challenging, since the
identification of individual facets is blurred and their spatial position may be indeterminable.
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Introduction developed in taxa with a horizontal power stroke movement,
independently from the direction (Koenigswald 2016, this vol-
ume). These surfaces are formed by complicated arrangements
of enamel crests, and dentine fields that require initial wear to
become fully functional. It therefore becomes very difficult to
identify individual facets.

Ever since Cope (1883) and Osborn (1888) developed the
model of dental-cusp nomenclature, dental researchers suggested
various ways to describe features of teeth to have a common lan-
guage for discussion (see also Ungar 2010), and as Butler noted
engaging a resistant alimentary bolus (Maier & Schneck 1981). A adequately ‘Language is for communication’ (Butler 1978, p. 451).
facet pattern starts to develop as soon as the crowns are erupted During the last century, various attempts were undertaken to

The post-eruptive shaping of teeth occurs through chewing
activity (e.g. mastication) and occlusal relationships of antag-
onistic crowns, which results in characteristic complementary
wear facets on the occlusal surface of opposing teeth. Wear facets
usually develop during force-fit processes between antagonistic
surfaces either due to an attritional tooth-to-tooth guidance with
maybe a minimum number of trapped abrasives between both
surfaces, or through abrasional tooth-substrate-tooth contacts

and antagonists begin to occlude. Fortelius (1985) differentiated
between primary and secondary occlusal surfaces. Facets on pri-
mary surfaces develop gradually within the enamel cover and
later expose the dentine. Facets on a secondary surface expose
the dentine after a relatively short period of wear and result in an
occlusal surface composed of enamel and dentine fields, which
remains constant for a relatively long period of time. These
secondary surfaces are specialized wear facets that are mostly

refine the nomenclature in order to better reflect mammalian
dental evolution (e.g. Vandebroek 1967; Crompton & Jenkins
1968; Szalay 1969; Hershkovitz 1971; Butler 1978; Maier &
Schneck 1981; Van Valen 1982). However, describing the occlu-
sal surface in detail is a challenging task, because various factors
influence their formation and there is a wide variation among
different taxa. It was frequently discussed that ontogeny (Winkler
& Kaiser 2011), ingested diet (Fortelius 1987), habitat (Kaiser

CONTACT Julia A. Schultz @ jaschultz@uchicago.edu

@ Supplemental data for this article can be accessed http://dx.doi.org/10.1080/08912963.2017.1302442.

© 2017 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License (http://creativecommons.org/licenses/by-nc-nd/4.0/),
which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited, and is not altered, transformed, or built upon in any way.


http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto: jaschultz@uchicago.edu
http://dx.doi.org/10.1080/08912963.2017.1302442
http://www.tandfonline.com
http://crossmark.crossref.org/dialog/?doi=10.1080/08912963.2017.1302442&domain=pdf

Downloaded by [MPI Max-Planck-1nstitute Evolutionaere Anthropologi€] at 05:54 05 January 2018

& Schulz 2006; Schulz & Kaiser 2013), and even tooth position
(Kullmer et al. 2009; Taylor et al. 2013) have an influence on the
formation of the occlusal surface and its characteristic features. A
consistent nomenclature is highly desirable as a labeling system to
address broader evolutionary and ecological questions in various
disciplines. It would enable discussion of specific structural ele-
ments on the surface and their functional-adaptive interpretation
in the context of, for example, evolutionary stages or biomechan-
ical changes. In 2008 a group of researchers (Research Unit 771
of the German Research Foundation) from various disciplines
(e.g. palaeontology, biology, anthropology, agricultural and engi-
neering science) encountered the difficulties in communicating
occlusal surface characteristics and attempted to find a common
language. With the goal to develop a consistent nomenclature
that can also accommodate new structures from new fossil find-
ings, an effort has been made to identify common ground for
better communication of occlusal surface characteristics. During
numerous intense discussions and meetings between 2008 and
2014 we discussed the new modular system to name wear facets
to facilitate the communication between disciplines - and we
found this system to be flexible and open to a wide range of future
applications. Many others of the DFG Research Unit 771 have
contributed to these discussions. We thank the following indi-
viduals: Ulrike Anders, Janka Brinkkotter, Romina Hielscher, Kai
Jager, Anne Schubert, Achim Schwermann, Leonie Schwermann
(all University of Bonn); Elehna Bethune, Caroline Braune, Ivan
Calandra, Juan Pablo Gailer, Volker Hallay, Christina Landwehr,
Mirella Skiba (all University of Hamburg); Jirgen Hummel
(University of Géttingen); Pascal Brehm, Laura Hauser, Ericson
Holzchen, Sarah Urban (all Senckenberg Research Institute and
Natural History Museum Frankfurt).

History of wear facet analyses and labeling concepts

Butler (1952) and Mills (1955) first documented the correspond-
ence of wear facet patterns on the cusps of antagonistic upper
and lower molars. Mills (1955) described facets as flat, highly
polished areas on the molar cusps which are visible under low-
power magnification but also macroscopically under oblique
light. Butler (1973) restricted the term facet to those areas where
wear is produced through contacts between opposing teeth. He
described the facet areas as typically flat, reflecting light, and
having striations (Figure 1); according to his functional inter-
pretation facets are indicative of relative occlusal movements.
Fortelius (1985) followed the functional interpretations of Butler
(1973) and corroborated the idea that facets are wear-dependent,
and that their orientation is determined by the interactive wear
against one or several other facets. Generally, wear is described
as a mechanical and/or chemical process resulting in material
loss (Williams 2005).

Butler (1952) established a numbering system for facets on
upper and lower molars considering the occlusal surface of
two succeeding molars as one functional unit [FU] by labe-
ling the basins that form the distal part of one molar and the
mesial part of the next molar. For the antagonistic facet pairs
on upper and lower molars Butler used the same numbers in
his system. Facets 1 to 5 are located at the trigonid structure
of the lower molars and the ‘amphicyclix’-basin of the upper
molars, whereas facets 6-10 are found at the talonid basin of

HISTORICAL BIOLOGY e 31

the lower molars and the ‘mesocyclix’-basin of the upper molar.
Butler’s (1952) nomenclature clearly infers a functional cor-
relation between upper and lower teeth. Mills (1955) mapped
facets of primate teeth without numbering them, and referred
instead to the power stroke phase of mastication in which they
are functioning. Later in his comprehensive study on the evolu-
tion of the mammalian dentition, Crompton (1971) identified
homologous facets and proposed a labeling system in the order of
their appearance in evolution. A number of similar systems and
nomenclatures followed in order to elucidate the evolutionary
development of new functional elements and homologous struc-
tures. Gingerich (1974) used Crompton’s (1971) nomenclature
for his facet description in Plesiadapis dentitions, but added a
buccal-phase (B) and a lingual-phase (L) to the numbers. This is
in accordance with Mills (1955) who distinguished also two types
of wear facets, as ‘buccal-’ and ‘lingual-phase-facets’ Gingerich
(1974) defined following Mills (1955) the buccal-phase-facets
as a result of an upward, medial, and slightly forward move-
ment of the lower jaw into centric occlusion on the working side.
The lingual-phase-facets are formed during movement of the
mandible from centric occlusion, in medial, mesial and slightly
downward movement, until disclusion. These movements were
termed as ‘Phase I’ (the buccal-phase facets are in contact) and
‘Phase II (the lingual-phase facets are in contact) of the power
stroke by Kay and Hiiemée (1974). In addition, Kay and Hiiemae
(1974) expanded Crompton’s (1971) numbering system. While
Crompton (1971) defined a maximum of six wear facets on the
molars of Didelphodus, Kay and Hiiemae (1974) — working with
primate molars — recognized four additional facets (7-10). On
several wear facets of the upper molars, @’ and ‘b’ are appended
to the numbering if a facet is split into two areas, even if being
formed during the same movement by the same antagonistic
structure. For example, if facet 1 of a lower molar shears along
the mesio-lingual part of the upper molar paracone, it gener-
ates facet la and additionally facet 1b during its contact to the
mesio-lingual side of the preparaconule crista. Later Kay (1977)
described 11 wear facets for cercopithecid molars. In the same
work, he described facet 7n which arises on the posthypocrista
matching with the premetacristid. A homologous wear facet in
Aegyptopithecus was numbered 7 earlier by Kay and Hiiemde
(1974) based on the assumption that it was the same as facet 7 of
more primitive primates, which is not the case as shown by Kay
(1977). The ‘n’ was added for this ‘new’ facet. Kay and Hiiemde
(1974) also described a facet 10n. In addition, Kay (1977) indi-
cated a wear facet 9 on the distobuccal slope of the protocone
and a wear facet X (a mesial extension of facet 9) between the
mesiobuccal slope of the protocone and the distolingual slope of
the protoconid. Maier (1980) did not use @’ and ‘b’ in his study
on prosimian molar facets. He distinguished 12 facets, and num-
bered Kay’s (1977) facet X as 11 and facet 10n as 12. Additionally,
Maier and Schneck (1981, 1982) described a new facet 13 only
occurring on hominoid molars. It is positioned on the distal
slope of the protocone oblique cristid in upper molars. The cor-
responding facet on the lower molars occurs on the mesial side
of the hypoconulid between the prehypoconulid-cristid and the
entohypoconulid-cristid.

Maier and Schneck (1981) also described a facet 4’ for hom-
inoid molars. It develops during Phase I in the mastication
cycle, when the buccal slope of the hypoconulid meets with the
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Figure 1. (Colour online) Light reflecting dental wear facets on the occlusal surface of different selected mammalian taxa (fossil and extant). (A) Wear facet extended
along the protoloph (PRL-m), the metaloph (MTL-m) and the parastyl (PAS-dl) of Lophiodon, Perissodactyla (specimen HLMD-Ro 2, collection Hessisches Landesmuseum
Darmstadt, Germany). (B) Wear facets on the lingual side of the cusps (11-I; 12-1) of the lower post-canine teeth of Kayentatherium, Tritylodontidae (cast of specimen USNM
317213, United States National Museum collection Washington DC, USA). (C) Wear facets in the parastyle (PAS-I), the protocone (PR-m) and hypocone (HY-m) of a stem
equid from Europe, Perissodactyla (specimen STIPB M7410, University of Bonn, Steinmann-Institute teaching collection, Germany). (D) Wear surface within the guiding rail
between the cusps (b3-I; b4-I) of the lower molar of Neoplagiaulax, Multituberculata (SEM image of specimen NHMB CY870, collection Naturhistorisches Museum Basel,
Switzerland). (E) Wear facet on the mesial side of an upper molar (PAC-d) and on the mesial side of a lower molar (pacd-m) of Henkelotherium, Dryolestoidea (specimens
GuiMam 1109 and GuiMam 1100, currently housed in the Steinmann-Institute, University of Bonn, Germany). F+G) Facets of the metacone (ME-ml) and paracone (PA-ml) in
the upper M2 and on the metaconid (md-db) of the m1 and the protoconid (pr-db) of the m3 in the dentition of Pongo, Primates (specimen SMF-Schoch-1975, collection
Senckenberg Research Institute and Natural History Museum Frankfurt, Germany). Orientation: L indicates buccal (upward) and mesial (left or right) for each example.

entometacrista. In their illustration (1981, p. 132, Figure 2) 4
is marked along the mesiolingual slope of the entometacrista,
whereas in their Figure 4 it is positioned at the distolingual slope
of the entometacrista. Both represent two different spatial ori-
entations and thus positions in relation to the morphological
structure. It is therefore problematic to label them with the same
facet number. The former 4’ of their description should rather
be labeled as a sub-facet of facet 4, such as facet 4.1, because it
is oriented in an almost similar direction as facet 4 and lies on
the same morphological area of the tooth surface. As a conse-
quence, only the latter should be labeled facet 4’ as it is positioned
directly adjacent to facet 2 in the upper molar different from

4.1, but pointing in similar functional direction. Later Kullmer
et al. (2009, p. 601, Figure 1) relabeled facet 4’ of Maier and
Schneck (1981) as facet 2.1, because of its functional position
and its relation to facet 2.

Positional relationships of cusps and facets are used as a
criterion of homology, but as mentioned above recognition of
homologies between groups is severely hindered by the confus-
ing facet nomenclature (Kay 1977; Fortelius 1985). Butler (1978)
proposed a concept of indirect homology for the cusps of mam-
malian molars. The basic principle is assigning cusps the same
name in a specific pattern, based on the topographical position
in relation to other elements on the crown and on the functional
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Figure 2. (Colour online) (A, B) Schematic illustration of the wear facets on the upper and lower first molar surfaces of a stem equid after Butler (1952). (C, D) The same
facet pattern translated into the new modular facet system and coloration of the matching antagonistic facet pairs. (E) Circle of directions for the positional module of the

Modular Wear Facet Nomenclature.

Notes: Abbreviations: b = buccal, d = distal, db = distobuccal, dI = distolingual, ed = entoconid, hd = hypoconid, HY = hypocone, | = lingual, m = mesial, mb mesiobuccal, ME = metacone, md =
metaconid, ml = mesiolingual, PA = paracone, PAL = paraconule, PR = protocone, pr = protoconid. Mesial to the right, buccal to the top. Not to scale.

correspondence with the structures of the antagonistic tooth dur-
ing occlusion. However, especially in early mammaliaforms the
identification of homologous structures is difficult, because of
the more or less sudden occurrence of several morphofunctional
dental traits. Therefore, some authors erected additional facet
nomenclatures for teeth of those groups where structures are
difficult to be put in relation to that of tribosphenic mammals,
e.g. tritylodonts, haramiyids, multituberculates, mammals with
pseudotribosphenic molars (Kermack et al. 1965; Crompton &
Jenkins 1967, 1968; Crompton 1972; Gingerich 1973; Chow &
Rich 1982; Butler & Macintyre 1994; Wang et al. 1998). In most of
these studies the authors use a numbering system for the detected
facets as well, implying a homology of structures, which is diffi-
cult to prove. Numerical systems are easily misleading because
the same numbers were used for facets in different positions. In
Table 1 a synopsis of the traditional and most commonly used
numbering systems is provided. A similar synopsis is found in
Hunter and Fortelius (1994), but they did not include the sys-
tems of Gingerich (1974), Maier (1980), and Maier and Schneck
(1981).

Here we propose a modular terminology in which the wear
facets are identified and named according to their topographic
relationships to the primary and evolutionarily conserved cusps
and crests on the teeth. We advocate that the Modular Wear
Facet Nomenclature can be more widely applicable across various
taxa with disparate dental morphology derived from the tribos-
phenic precursors, than the previously inconsistent numerical

nomenclatures. In contrast to the traditional numbering of func-
tional units that implies their homology, the terminology pro-
posed here identifies the individual facets by their topographic
position and inclination. This allows discussion of their func-
tional context, their homology, and their changes during ontog-
eny and phylogeny more freely. The knowledge of structure and
function of the mammalian dentition increased significantly in
the last decades by new fossil findings, detailed functional stud-
ies on the mammal teeth, and the application of 3D methods.
However, we are well aware that establishing a new nomenclature
is still a challenge.

Challenges for comparative studies

One general problem of working with post-canine dentitions is
that frequently molar facets from different taxa above the genus
level are described with different nomenclatures by morpho-
logical reasons, by historical precedence, or simply by author’s
idiosyncratic preference.

In the paper by Pinto-Llona (2013) the issue of using different
labels for the same facets is illustrated. The author reconstructed
the palaeodiet of Pleistocene cave bears from Spain and labeled
the facets used for his 2D macro- and microwear analyses with
two alternative numbering systems, the first of which is Butler’s
system (1952) followed by that of Kay (1977) in parentheses. The
same method was used by Hunter and Fortelius (1994). New
quantitative 2D (Kaiser & Brinkmann 2006) and 3D methods
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Figure 3. (Colour online) The Modular Wear Facet Nomenclature applied to the upper and lower tooth rows of a stem equid. (A) 3D surface model of the upper molars 1-3
based on specimen USNM 522988 (United States National Museum collection Washington DC, USA). (B) 3D surface model of the lower molars 1-3 based on specimen
STIPB M 6593 (University of Bonn, Steinmann-Institute teaching collection, Germany). Mesial to the right, buccal to the top.

Note: Abbreviations see Figure 2 or Table 2. Not to scale.

for dental occlusion analysis (Kullmer et al. 2009, 2012; Fiorenza
et al. 2011; Benazzi et al. 2013) and the analysis of masticatory
biomechanics (Schulz & Kaiser 2010; Calandra et al. 2012; Schulz
et al. 2013) offer the opportunity to characterize facets in more
detail. Kaiser and Brinkmann (2006) introduced a labeling sys-
tem of occlusal enamel ridge patterns in bovids and equids as a
strictly function-orientated system that numbers facets (adopted
from Janis 1990). This system refers to the sequence of the antag-
onistic contact of facets, and in addition indicates the longitudi-
nal position of the facet in relation to the cusp. Schulz and Kaiser
(2010) applied the labeling system of Kaiser and Brinkmann
(2006) to facets of upper and lower teeth that allow 3D surface
texture measurements to infer oral behavior (e.g. diet reconstruc-
tion and chewing function) based on microscopic wear features.
Schulz and Kaiser (2010) stated that facets on the mesial/distal
as well as buccal/lingual sides of the cusp tips can be described
regarding their functional as well as dietary traits (as indicated by
their surface textures). The advantage of the labeling system by
Kaiser and Brinkmann (2006) as well as Schulz and Kaiser (2010)

is that it can be distinctly differentiated between the two enamel
ridges of one side of a cusp in ruminants. However, the system
has not been transferred to any other mammal group and thus
the potential of its application to different tooth morphologies
was not subsequently tested.

Two main issues arise in search of an adequate labeling sys-
tem: (1) how to refer to already existing nomenclatures, and (2)
how to develop a universal wear facet nomenclature that is appli-
cable to a wide range of extinct and extant tooth morphologies.
The different labeling systems for homologous facets (see Table
1) can impede discussion of functional questions, and lead to
misinterpretations. Thus, a labeling system that is applicable to a
wide range of tooth morphologies in fossil and extant mammals
is of great advantage for future discussion of the evolution of the
mammalian dentition. Butler himself (1978, p. 451) stated: ‘Let
those who are contemplating the introduction of new names
pause to consider whether in so doing they are advancing the
subject or making it more difficult to understand’. We aim for a
broader comparative nomenclature that helps to describe facets
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MEC-dI

Figure 4. (Colour online) Homologous facets 1-7 after Crompton (1971) translated into the modular dental wear facet system. (A) Matching facet pairs 1-7 on the upper
and lower molar of Didelphodus modified from Crompton (1971). (B) Facets found on M2/m2 of Didelphis traced on the polygonal 3D models of the occlusal surface.
Notes: The models in B are based on the specimen STIPB M 7087 (University of Bonn teaching collection, Germany). Mesial to the left, buccal to the top. Not to scale.

Table 1. Summary of existing occlusal wear-facet nomenclature from cited literature in comparison to the Modular Wear Facet Nomenclature.

Maier and
Butler (1952, 1973), Crompton and Schneck Our approach
Mills (1955) Hiiemae (1970) Crompton (1971)  Gingerich (1974)  Kay (1977)  Maier (1980) (1981) upper/lower teeth
1 1 2a,2b B2 23, 2b 2 2 ME-d/pr-mb
2 2 1a,1b B1 1a,1b 1 1 PA-m/pr-db
3 4 5 B5 5 5 5 PR-ml/md-db
4,4' 7 7 7 HY-dl/md-m
5 L2 10 10 10 HY-db/pr-ml
10n 12 12 HY-mb/hyl-I/hy-I
6 3 3a,3b B3 3a,3b 3 3 PA-dI/hy-mb
7 6 4a,4b B4 4a,4b 4 4 ME-ml/hy-d
8,8 B7 8,8n 8 8 HY-I/ed-d
9 5 6 B6 6 6 6 PR-dl/ed-b
10 L1 9,x 9 9 PR-b/hy-I
X 11 1 PR-mb/pr-dI
13 PR-db/hyl-ml
4 ME-ml/hyl-b

in as many groups as possible to foster quantitative research.
The primary purpose is to advance the communication about
mammalian molar structures and therefore the communication
about the evolution of mammalian mastication.

Description of the new modular system

The Modular Wear Facet Nomenclature for mammalian premo-
lars and molars is based on well-established terms for the evolu-
tionarily conserved landmarks (cusps, crests, basins), although
the homology hypotheses of these structures are always subject
to further tests with new phylogenetic analyses, or findings of
new fossils. In the proposed Modular Wear Facet Nomenclature,
cusps and crests are the primary elements for facet naming: (1)
the location of the facet on the tooth, and (2) the incident angle
of the facet (orientation). The system proposed here combines
standard structures, but is flexible and can be expanded with
additional information depending on the aim of the study the

nomenclature will be used for, e.g. the phase of the chewing cycle
(I for ‘Phase I'; II for ‘Phase IT').

We use the classic tribosphenic molar model as an exam-
ple to illustrate the potential of the new Modular Wear Facet
Nomenclature. The first module of the facet name consists of
an acronym of the cusp or crest with which the facet is associ-
ated. In case of the protocone this would be ‘PR’ following the
conventional usage of capital letters for the upper teeth. In case
of the protoconid this would be ‘pr’ following the convention
of using lowercase letters for the lower teeth (see Table 2 for
proposed acronyms). The second module describes the posi-
tion of the facet in relation to the structure of the first module.
We distinguish five main incident angles depicting the facet’s
position on the cusp or crest. Identifiers for these angles are
‘m’ for mesial, ‘d” for distal, ‘b’ for buccal, 1’ for lingual and ‘i’
for horizontal. We follow the standard terminology of anatom-
ical orientations in fossil vertebrate dentitions of Smith and
Dodson (2003). These identifiers can be combined in order
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to precisely specify the orientation of the facet. For example,
‘mb’ describes a facet facing in mesiobuccal direction and ‘db’
describes a facet in distobuccal direction (Figure 2(E)). The first
letter thus characterizes the primary incident angle of the facet,
the second letter the secondary incident angle, which means
that the order is weighted. In combination for the protoconid
this would result in ‘pr-m’ as facet term, for the protocone this
would result is ‘PR-d’ as facet term. If a user wishes to describe
the facet’s incident angle in relation to a crest, the first module
is the acronym of the crest name. This can be also expanded
to larger elements on the occlusal surface like lophs, fossettes,
styles or cingula depending on the terms the user prefers to
work with. With increasing molar use, wear facets are often not
restricted only to the enamel but can extend into the dentine or
even exclusively be on the dentine in later ontogenetic stages. If
a user wishes to emphasize the type of tissue bearing the wear
facet, an ‘€’- or ‘de’-indicator module can be added. In addition,
we propose to color- or pattern-code antagonistic facet pairs
for better recognition which parts occlude (Figure 2).

Application example I (early horse)

In order to demonstrate that the proposed Modular Wear Facet
Nomenclature is applicable to a broad variety of mammaliaform
dentitions, we translate a classic bunodont example (early horse)
that was used by Butler (1952) into the new system (Figures 2 and 3).

Butler (1952) identified ten facet pairs and numbered each
of his functional wear facets accordingly. He illustrated how
the wear facets correspond in different fossil perissodactyl
taxa, including stem equids that Butler (1952) assigned to
the genus Hyracotherium. Today it is the common under-
standing that this genus is paraphyletic (MacFadden 2005),
and consists of several different genera with only slight dif-
ferences in their molar morphologies (Froehlich 2002). We
therefore use the terms ‘stem equid’ or ‘early horse’. Butler
(1952, p. 800) described his findings as: “To each wear-facet
on the upper molar there corresponds a wear-facet on the
lower molar which occludes with it. His basic findings can
be summarized as follows:

Butler’s functional unit [FU] 1

A facet distal to the metacone on the upper molars and conflu-
ent with the facet mesial to the paracone of the following molar
occludes with the mesiobuccal face of the protoconid. Translated
to the modular system, this would be facet ME-d, which is con-
tiguous with facet PA-m of the adjacent tooth in the upper molar,
forming a functional unit. Both together match the facet pr-mb
of the lower molar.

FU2and 3

The facet mesial to the paraconule lies next to the facet mesial
to the protocone, and depending on the wear stage they can be
confluent and form one facet. They occlude with the facet on the
distal face of the protoconid, and with the facet on the distobuc-
cal face of the metaconid. Translated into the modular system
PAL-m matches pr-d, and PR-m matches md-m.

FU4

The facet distal to the hypocone of the upper molars occludes
with the facet mesial to the metaconid on the lower molars.
Translated into the modular system HY-d matches md-m.

FU5

On the buccal side of the hypocone on the upper molars lies the
facet that matches the lingual facet of the protoconid. Translated
into the modular system HY-b occludes with pr-1.

FU6

Butler (1952) further described a facet on the distal face on the
paracone, which occludes with the facet on the mesiobuccal face
of the hypoconid. Translated into the modular system the facet
of the upper molar is PA-l, and hd-mb for the corresponding
facet on the lower molar.

FU7and 8

The facet mesial to the metacone occludes with the facet on the
distal face of the hypoconid. Depending on the wear stage facet
pair 7 can be confluent with facet pair 8, which comprises the
facet mesial to the hypocone that is matching the facet distal to
the entoconid. Translated to the modular system the facets of pair
7 are ME-m and hd-d, and the facets of pair 8 are HY-m and ed-d.

FU9

The distal facet on the protocone occludes with the facet on the
mesial face of the entoconid. Translated into the modular sys-
tem pair 9 is PR-d for the facet on the upper molar, and ed-m
on the lower.

FU10
Facet 10 on the upper molar lies on the buccal side of the pro-
tocone occluding with the lingual facet on the hypoconid of the

lower molars. Translated into the modular system this pair is
PR-b and hd-1.

Application example Il (Didelphis)

Crompton (1971) used a different approach than Butler (1952).
Rather than looking at facets as functional units he identified
homologous facets and proposed a labeling system in the order of
their appearance in evolution. His classic example for the demon-
stration of his homologous facet nomenclature is Didelphodus.
In order to demonstrate the modular wear facet system, we use
molars of Didelphis in comparison (Figure 4).

Facet1

Crompton (1971) described one large facet on the mesial side of
the paracone of the upper molars, extending along the paracrista
in Didelphodus. This wear surface matches the facet extending
along the metacristid of the lower molar, distal to the protoconid
and metaconid. However, in our example of Didelphis facet 1 on
the upper molar is smaller and lies mesial to the paracone, and
the paracrista is very short. Translated to the modular system:
PA-m matches mecd-d.
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Facet 2

On the distal side of the metacone lies facet 2 extending along the
metacrista with a distolingual orientation. Facet 2 occludes with
the wear facet along the paracristid, mesial to the protoconid and
the paraconid, of the lower molars. This wear surface is facing in
an mesiobuccal direction. Translated to the modular system, this
facet pair would be labeled MEC-dI for the upper and pacd-mb
for the lower molar.

Facet 3

Distolingual to the paracone lies facet 3 that matches the wear
surface mesiobuccal to the hypoconid. PA-dl and hd-mb accord-
ing to the labeling system proposed here.

Facet 4

Mesiolingual to the metacone lies facet 4 that matches the
wear surface distobuccal to the hypoconid. ME-ml and hd-db
according to the labeling system proposed here. Because facet
4 is extended along the hypocristid, an alternative facet name is
hyd-db in the lower molars, depending on the user’s intention.

Facet 5

Mesial to the protocone of the upper molar lies a wear surface
that is named facet 5 after Crompton (1971). It matches the wear
surface distal to the metaconid of the lower molar. Translated to
the modular system this facet pair is PR-m and md-d.

Facet 6

Distolingual to the protocone of the upper molars of Didelphis
lies facet 6. It occludes with the facet mesiobuccal to the entoc-
onid inside the talonid basin of the lower molars. Translated to
the modular system this facet pair is PR-dl and ed-mb.

Discussion

The description and analysis of wear facets on mammalian
premolars and molars had been hampered by an inconsistent
nomenclature. The Modular Wear Facet Nomenclature is devel-
oped to overcome these difficulties by establishing a system of
acronyms that are referencing the topographic position of the
wear facets relative to the primary tooth crown landmarks with
well-established homology. Combination of acronym modules
allows the exact topographic characterization of wear facets
independent of the taxa studied. The new system is applicable
to premolars and molars of the basic tribosphenic pattern or
moderately modified tribosphenic (bunodont) pattern, which
largely retain the primary occlusal surface. These are the majority
of Mesozoic mammaliaforms and mammals, Paleogene repre-
sentatives of many modern therian groups, insectivorous marsu-
pials and placentals, many rodents as well as primates. For highly
modified teeth with a more uniform functional surface and a
mainly grinding function (such as hypsodont molars of herbi-
vores) the proposed modular nomenclatorial system is less suit-
able, because various tooth elements may be incorporated into a
single functional surface (i.e. complex enamel bands, alternating
dentine and enamel ridges, flat occlusal surface). In many high-
ly-modified mammalian cheek-teeth, the individual elements of
the primary occlusal surface of the ancestral tribosphenic pattern
are no longer recognizable (e.g. elephantid molars).
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The Modular Wear Facet Nomenclature does not imply a
priori hypothesis of homology of wear facets. Rather, it is pri-
marily descriptive, and conveys the topographic relationships
to the structures with previously established homology, such as
the primary cusps and their crests. Homology of wear facets is
determined by the structures they occur on (e.g. cusps, basin
surfaces, crests, lophs etc.). In this manner, the system (and the
implicit homology of wear facets) can be further changed and
re-adapted as the homology hypotheses of the primary struc-
tures. The modular system is highly flexible and can be expanded
with additional information if necessary (e.g. phase of chewing
cycle, I or IT; enamel, ‘€’; dentine, ‘de’). If the homology is uncer-
tain, specific terms can also be used (e.g. cusp numbering sys-
tem in rodents). The high flexibility and simple modular system
makes the new nomenclature highly adaptable to a wide array of
occlusal surfaces and changes in interpretations of tooth crown
structures.

Conclusion

We hereby propose the Modular Wear Facet Nomenclature that
designates wear facets in topographic relation to primary land-
marks. As such, this nomenclature is more broadly applicable to
a wider variety of mammalian molar patterns. This system can be
further adapted to other tooth positions than only cheek teeth.
Given the different and inconsistent numerical systems to iden-
tify wear facets in the literature, the newly proposed topographic
system offers an advantage for descriptive purposes, and is more
conducive for comparisons, and it therefore can improve scien-
tific communication. The Modular Wear Facet Nomenclature
proposed here for the mammalian molar dentition can easily
be expanded to the facets on incisors and canines. The location
of the facet is based on conventionally accepted and well-estab-
lished terms for tooth elements (e.g. cusps, crests, basins). If the
homology of tooth elements is uncertain, specific terms can also
be used (for example cusp numbering system in rodents). The
tooth elements are indicated by acronyms, with capital letters
for upper teeth and lower case letters for lowers teeth (see Table
2 for proposed selected acronyms, and Table 3 for full list in the
Supplementary Material). The topographic position of the facet
relative to certain primary structure (cusp or crest) can also be
used to define and name the wear facets for canines and incisors.
Because the topographic wear facet nomenclature is modular,
it can be expanded with additional information to convey the
distinctive phases of masticatory movement (e.g. I for ‘Phase’
L II for ‘Phase IT'), or according to the tissue types of the wear
facets (‘¢ for enamel; ‘de’ for dentine).
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