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The Mammalian Jaw

The structure of mammalian skulls is notably diverse; however, at a fundamental
level the jaw mechanism is remarkably similar, if not essentially the same, in the
majority of mammals.

Using simple models that are compared with real animals at every step, this
book examines the basic structural features of the mammalian jaw mechanism
from a mechanical point of view. It explores how the mechanical constraints placed
on the jaw have contributed to the evolution of an efficient underlying structure,
used by many mammals, which precludes mechanical difficulties and uses a min-
imum amount of bone tissue. Throughout the book the emphasis is on conceptual
understanding, with explanations linked together to form a complete story that can
be applied to both fossil and extant mammals.

Walter Stalker Greaves is a retired member of the Department of Oral Biology,
University of Illinois at Chicago. He spent his career teaching anatomy at Indiana
University of Pennsylvania and human gross anatomy in the College of Dentistry,
UIC. His research concentrated on the mammalian jaw mechanism, using very sim-
ple mechanical models to explain how the jaw works and why the jaw mechanism
has evolved to essentially the same basic structure.

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9781107016224
http://www.cambridge.org
http://www.cambridge.org

CAMBRIDGE

Cambridge University Press

978-1-107-01622-4 - The Mammalian Jaw: A Mechanical Analysis
Walter Stalker Greaves

Frontmatter

More information

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9781107016224
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-1-107-01622-4 - The Mammalian Jaw: A Mechanical Analysis
Walter Stalker Greaves

Frontmatter

More information

The Mammalian Jaw

A Mechanical Analysis

WALTER STALKER GREAVES

University of lllinois at Chicago

CAMBRIDGE

UNIVERSITY PRESS

© in this web service Cambridge University Press

www.cambridge.org



http://www.cambridge.org/9781107016224
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-1-107-01622-4 - The Mammalian Jaw: A Mechanical Analysis
Walter Stalker Greaves

Frontmatter

More information

CAMBRIDGE UNIVERSITY PRESS
Cambridge, New York, Melbourne, Madrid, Cape Town,
Singapore, Sdo Paulo, Delhi, Mexico City

Cambridge University Press
The Edinburgh Building, Cambridge CB2 8RU, UK

Published in the United States of America by Cambridge University Press, New York

www.cambridge.org
Information on this title: www.cambridge.org/9781107016224

© Walter Stalker Greaves 2012

This publication is in copyright. Subject to statutory exception
and to the provisions of relevant collective licensing agreements,
no reproduction of any part may take place without the written
permission of Cambridge University Press.

First published 2012
Printed in the United Kingdom at the University Press, Cambridge
A catalogue record for this publication is available from the British Library

Library of Congress Cataloguing in Publication data
Greaves, Walter Stalker, 1937—
The mammalian jaw : a mechanical analysis / Walter Stalker Greaves.
pages cm
Includes bibliographical references and index.
ISBN 978-1-107-01622-4
1. Mammals-Anatomy. 2. Jaws—Mechanical properties. 1. Title.
QL739.G74 2012
599.14'4-dc23
2012013670

ISBN 978-1-107-01622-4 Hardback

Cambridge University Press has no responsibility for the persistence or
accuracy of URLs for external or third-party internet websites referred to in
this publication, and does not guarantee that any content on such websites is,
or will remain, accurate or appropriate.

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9781107016224
http://www.cambridge.org
http://www.cambridge.org

CAMBRIDGE

Cambridge University Press

978-1-107-01622-4 - The Mammalian Jaw: A Mechanical Analysis
Walter Stalker Greaves

Frontmatter

More information

For
Marsha Lee and Jacqueline Sinclair

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9781107016224
http://www.cambridge.org
http://www.cambridge.org

CAMBRIDGE

Cambridge University Press

978-1-107-01622-4 - The Mammalian Jaw: A Mechanical Analysis
Walter Stalker Greaves

Frontmatter

More information

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9781107016224
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press
978-1-107-01622-4 - The Mammalian Jaw: A Mechanical Analysis
Walter Stalker Greaves

Frontmatter
More information
Contents
Preface page ix
Acknowledgments Xi
Introduction 1
1 The jaw viewed as a two-dimensional lever 3
1.1 Location of the muscle force 3
1.2 Moments of force 5
1.3 Reaction forces 6
1.4 Bite force along the tooth row 9
1.5 Joint forces 12
1.6 The length of the tooth row 18
1.7 The location of the muscle vector 19
1.8 Summary 24
2 The jaw viewed as a three-dimensional lever 26
2.1  The three-dimensional jaw 26
2.2 The triangle-of-support 27
2.3 The distribution of joint and bite forces 29
2.4 Tensile forces at a jaw joint in the three-dimensional case 31
2.5 Different locations of the resultant force 34
2.6 A typical jaw 37
2.7 A contour map of the bite forces 41
2.8  Location of the carnassial tooth 44
2.9 The mediolateral location of the tooth row 45
2.9.1 The sum of the bite forces 45
2.9.2 The length-to-width ratio of the jaw 46
2.10  Occlusion of the tooth rows 48
2.11 Tooth-wear patterns 50
2.12 Summary 50

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9781107016224
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press
978-1-107-01622-4 - The Mammalian Jaw: A Mechanical Analysis

Walter Stalker Greaves

Frontmatter
More information
viii Contents
3 Vector inclination and joint location 52
3.1 The inclination of the resultant vector of jaw muscle force 52
3.2 Joint and tooth row on the same line 55
3.3 Joint above the tooth row 56
3.4 Posteriorly inclined vectors 59
3.4.1 The direct distance from the joint to the third molar 59
3.4.2 Minimizing a pair of distances 64
3.4.3 Using four points to model the jaw mechanism 67
3.4.4 The spatial configurations of the four points 68
3.4.5 Point T lies on the vector 72
3.5 Anteriorly inclined vectors 74
3.5.1 A relationship between an anterior vector
and a long diastema 75
3.5.2  Glyptodon 79
3.5.3 Entelodonts 80
3.6 Estimating vector location from muscle weights and
the location of the third molar 81
3.7 Summary 84
4 Skull torsion and the postorbital bar 85
4.1 Skull torsion 85
4.2 Selenodont artiodactyls 88
4.3 Torsion in the skull during canine biting 90
4.4 Summary 93
General summary 95
References 101
Index 113

© in this web service Cambridge University Press

www.cambridge.org



http://www.cambridge.org/9781107016224
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-1-107-01622-4 - The Mammalian Jaw: A Mechanical Analysis
Walter Stalker Greaves

Frontmatter

More information

Preface

I initially studied the jaw mechanism in fossil selenodont artiodactyls (antelope
and their kin) and augmented the study with an examination of modern forms.
One could argue that this was not the best approach, because the jaw mechanism
of artiodactyls, while basically similar to other mammals, is in some ways slightly
atypical. At the same time, however, some features appear to be somewhat less com-
plicated in the artiodactyls. So it is just as reasonable to imagine that even though
these animals were in some ways not the best animals to choose for an initial study
of the mammalian jaw mechanism, the simplicity of some features made some early
progress possible in a reasonable amount of time.

Later studies naturally concentrated on problems that presented themselves at
the time. While this is a perfectly reasonable approach, the difficulty is that a clear,
logical, and sequential presentation of how the mammalian jaw mechanism works
would not necessarily be evident from an examination of a series of papers pre-
pared in this way. The reader, in effect, would be asked to integrate a large amount
of unordered information to produce a logical, linear sequence. My view of how
the jaw mechanism functions evolved over time as more information came to light,
as my early errors were corrected, and as erroneous ideas from the literature were
rectified. In short, someone with an interest in the mammalian jaw mechanism
might not have an easy time deciphering my views if they simply read my various
papers in their order of appearance.

Thus, the purpose here is to present in a clear, logical, and linear sequence, my
view of the basic structure of the mammalian jaw mechanism from a geometric
point of view. The emphasis is on what this basic structure is and, just as import-
antly, why, in a mechanical sense, the masticatory apparatus has evolved to the
same basic structure. This presentation begins at a very elementary level and, while
maintaining as much simplicity as possible, moves along step by step in a linear
fashion. For example, the first analysis described below treats the jaw as a line
with a joint on one end, the teeth at the other, and a muscle vector somewhere in
between. Two reasonable questions could be asked of such a model: where, along
the line representing the jaw, is the muscle vector located and how long is the tooth
row? Naturally, simpler models must give way to those that are more complicated.
The hope is to provide a clear explanation that accounts for the present structure
(or natural design) of the mammalian jaw mechanism. Some workers approach
studies of this kind by studying the basic physics, say, and then by applying the
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X Preface

appropriate equations to apparent problems. Here I find it more satisfying to start
with the problem and then try to find an “equation.”

In the following account references are largely omitted with the hope of produ-
cing a smoother presentation. Readers who prefer a slightly more formal discus-
sion, of course, can consult my original published papers as well as the other papers
in the References section. However, they then must integrate the material into a
smooth linear sequence for themselves.
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