THE CONTRIBUTION OF
PERIODONTAL MECHANORECEPTORS
TO PHYSIOLOGICAL TREMOR IN THE

HUMAN JAW

A thesis presented for the degree of

DOCTOR OF PHILOSOPHY

THE UNIVERSITY
OF ADELAIDE

AUSTRALIA

S8 cpyce LUNEY
by

Paul Fredrick Sowman
BPhty (otago), PGDipHSC (Auckland)
Research Centre for Human Movement Control
Discipline of Physiology

School of Molecular and Biomedical Science
The University of Adelaide



Author's Declaration

This work contains no material which has been accepted for the award of any other
degree or diploma in any other university or other tertiary institution, and to the best of
my knowledge and belief, contains no material previously published or written by
another person, except where due reference has been made in the text.

| give consent to this copy of my thesis, when deposited in the University of Adelaide
library, being available for loan and photocopying.

Paul F. Sowman
November, 2007



Abstract

The human jaw, like all other articulated body parts, exhibits small oscillatory
movements during isometric holding tasks. These movements, known as physiological
tremor, arise as a consequence of the interaction of various factors. One of these factors
is reflex feedback from peripheral receptors. In the human jaw, receptors that innervate
the periodontium are able to transduce minute changes in force. This thesis examines
the contribution of these periodontal mechanoreceptors (PMRs) to the genesis of

physiological tremor of the human jaw.

By using frequency domain analysis of time series recorded during isometric biting
tasks, the character of physiological jaw tremor can be revealed. Physiological jaw
tremor was observed in force recorded from between the teeth as well as from
electromyograms recorded from the principal muscles of mastication. These recordings
have shown us that jaw physiological tremor consists of a frequency invariant
component between 6 and 10Hz. This frequency remains unaltered under various load
conditions where the mechanical resonance of the jaw would be expected to vary
greatly (Chapter 2). Such findings indicate a ‘neurogenic’ origin for this tremor. A
possible candidate for this neurogenic component of physiological tremor in the jaw is

the reflex feedback arising from the PMRs.

Using local anaesthetisation, it has been shown in this thesis, that by blocking outflow
from the PMRs, the amplitude of neurogenic physiological jaw tremor can be reduced
dramatically. This procedure caused a dramatic reduction in not only the mechanical
recordings of tremor but also in the coupling between masseteric muscles bilaterally
(Chapter 3) and between single motor units recorded from within a homonymous

muscle (Chapter 4).



The obvious mechanism by which periodontal mechanoreceptor anaesthetisation could
reduce the amplitude of physiological tremor in the jaw would be by reducing the
amplitude of the oscillatory input to the motoneurones driving the tremor. This
interpretation remains controversial however as physiological tremor in the jaw can be
observed at force levels above which the PMRs are supposedly saturated in their
response. In light of this knowledge, the saturating characteristics of these receptors in
terms of reflex output were examined. To do this, a novel stimulation paradigm was
devised whereby the incisal teeth were mechanically stimulated with identical stimulus
waveforms superimposed upon increasing tooth preloads. This necessitated the use of a
frequency response method to quantify the reflexes. An optimal frequency for
stimulation was identified and used to confirm that the hyperbolic saturating response
of PMRs observed previously, translated to a similar phenomenon in masticatory

reflexes (Chapter 5).

These data reinforced the idea that physiological tremor in the jaw was not just a
consequence of rhythmic reflex input from PMRs, as the dynamic reflex response
uncoupled from the input as the receptor-mediated reflex response saturated. An
alternative hypothesis was then developed that suggested the effect of PMR suppression
in physiological tremor was via tonic rather than rhythmic effects on the masseteric

motoneurone pooI.

By utilising a novel contraction strategy to manipulate the mean firing rate of the motor
neuron pool at a given level of force production, data contained in Chapter 6 shows that
population motor unit firing statistics influence the expression of physiological tremor,
and such manipulations mimic, to an extent, the changes in firing statistics and tremor

amplitude seen during anaesthetisation of the PMRs. This thesis therefore posits a



mechanism whereby periodontal input influences the firing rate of motoneurones in
such a way as to promote tremulous activity (Chapter 5). However, as this proposed
mechanism did not explain the full extent of tremor suppression seen during PMR
anaesthetisation it can therefore only be considered a contributing factor in a multifactor

process.



Acknowledgements

Firstly, my Supervisor Associate Professor Kemal Turker whose enthusiasm for my
ideas gave me the confidence to extend myself into areas that | was not familiar with. |
thank him for his support, guidance, generosity and his willingness to let me follow my
ideas. Secondly, Dr. Russell Brinkworth, who taught me that most problems are no
greater than the sum of their parts and that all problems can be made easier with good
preparation and proper method. Special thanks also to Dr. Kylie Tucker, a talented
scientist and gifted communicator; the best lab-mate a person could wish for. 1’d also
like to thank Associate Professor Michael Roberts for being an inspirational teacher of

teachers.

Lastly Belinda, to whom | owe a large debt of gratitude. Thank you for your love and

support always.

Vi



Dedication

I’d like to dedicate this thesis to my Mum and Dad.

To Mary-Anne and Fred, who nurtured my interest in learning from the beginning.

vii



Table of Contents

AUTHOR'S DECLARATION

ABSTRACT

ACKNOWLEDGEMENTS

DEDICATION

TABLE OF CONTENTS

LIST OF FIGURES

LIST OF TABLES

CHAPTER 1 LITERATURE REVIEW

1.1 Publication Acknowledgement
1.2 Introduction

1.3 The Muscles of Mastication
1.3.1 Masseter

1.4 Supraspinal Control of Mastication
1.4.1 Cortical Control of Mastication
1.4.2 The “‘Central Pattern Generator’

1.5 Masticatory Neuroanatomy

1.6 Peripheral Control of Mastication

1.6.1 Periodontal Mechanoreceptors

1.7 Reflexes Elicited in the Jaw Muscles by Mechanical Stimulation of the Teeth
1.7.1 The “Early Excitation” Reflex
1.7.2 Inhibition
1.7.3 The Unloading Reflex

viii

Vi

Vi

Vil

14

17

18

18

18

19
19

20
20
21

22

24
24

27
27
28
29



1.8 Physiological Tremor
1.8.1 Mechanical Resonance
1.8.2 Neurogenic Tremor
1.8.3 Reflex Oscillations

1.9 Synchronisation of Motor Units: The Final Common Pathway for Physiological Tremor

1.10 Physiological Tremor in the Jaw

CHAPTER 2 METHODS OF TIME AND FREQUENCY DOMAIN ANALYSIS
OF PHYSIOLOGICAL TREMOR IN THE HUMAN JAW

2.1 Publication Acknowledgement

2.2 Abstract

2.3 Physiological Tremor in the Jaw

2.4 Demodulation of EMG

2.5 Frequency Domain Analysis of Physiological Tremor
2.6 Coherence Analysis

2.7 Investigating Time Delays between EMG and Force
2.8 Discussion

2.9 Conclusion

CHAPTER 3 PERIODONTAL ANAESTHESIA REDUCES COMMON 8HZ
INPUT TO MASSETERS DURING ISOMETRIC BITING

3.1 Publication Acknowledgement
3.2 Abstract
3.3 Introduction

3.4 Methods
3.4.1 Subjects
3.4.2 Data Analysis
3.4.3 Statistics

32
32
33
34

37

38

43

43

43

44

46

47

52

57

58

59

61

61

61

62

64
64
68
70



3.5 Results 72

3.5.1 Load Independence of EMG Tremor 72
3.5.2 Effect of LA on Force Tremor 73
3.5.3 Effect of LA on EMG Power Spectra 76
3.5.4 Effect of LA on Force to EMG Coherence 80
3.5.5 Bilateral Coupling between Jaw Muscles. 82
3.5.6 Correlation between 8Hz EMG Power Diminution and EMG-EMG Coherence 87
3.6 Discussion 87
3.6.1 Spectral Components of Jaw Tremor Masseteric EMG 87
3.6.2 Reduction in Tremor and Changes in Force Production 89
3.6.3 Tremor Arising From Feedback Loops 91
3.6.4 Central Origins of Tremor 92
3.6.5 Decreased Tremor due to Decreased Coupling of Centralised Oscillators 93
3.6.6 Methodological Issues 94
3.6.7 Functional Implications 95
3.7 Conclusion 95

CHAPTER 4 PERIODONTAL ANAESTHETISATION DECREASES
RHYTHMIC SYNCHRONY BETWEEN MASSETERIC MOTOR UNITS AT THE

FREQUENCY OF JAW TREMOR 97
4.1 Publication Acknowledgement 97
4.2 Abstract 97
4.3 Introduction 98
4.4 Methods 99
4.4.1 Subjects 99
4.4.2 Single Motor Unit Recordings 99
4.4.3 Surface EMG and Bite Force Recording 100
4.4.4 Trials 101
4.4.5 SMU Discrimination 103
4.4.6 Time Domain Analysis 104
4.4.7 Frequency Domain Analyses 104
4.4.8 Coherence Analysis 105
4.5 Results 108
4.5.1 SEMG and Force 108



4.5.2 SMUs 111

4.5.3 SMU Coherence 111
4.5.4 Synchronisation 115
4.5.5 Relationship between SMU Synchronisation and Coherence During Control and LA 115
4.6 Discussion 119
4.6.1 SMU Synchronisation and Coherence 119
4.6.2 Cause of Decreased Synchronisation and Coherence 120
4.6.3 Functional Basis 122

CHAPTER 5 SATURATION OF MASSETERIC EMG ENTRAINMENT TO

RHYTHMIC TOOTH STIMULATION 125
5.1 Publication Acknowledgement 125
5.2 Abstract 125
5.3 Introduction 126
5.4 Method 127
5.4.1 Subjects 127
5.4.2 EMG Recording 128
5.4.3 Mechanical Tooth Stimulation 128
5.4.4 Local Anaesthetic 131
5.4.5 Data Analysis 131
5.5 Results 135
5.5.1 Effect of Local Anaesthetic on Entrainment 135
5.5.2 Effect of Frequency of Stimulation on Entrainment 135
5.5.3 Effect of Preload on Entrainment 136
5.5.4 Reflex Gain 138
5.6 Discussion 141
5.6.1 Response from PMRs 142
5.6.2 The Effect of Preload on the Saturating Response of PMRs 142
5.6.3 Frequency Dependence of Coupling 143
5.6.4 Limitations of this Chapter 144
5.6.5 Functional Relevance 144

Xi



CHAPTER 6 MANDIBULAR PHYSIOLOGICAL TREMOR IS REDUCED BY
INCREASING-FORCE RAMP CONTRACTIONS AND PERIODONTAL

ANAESTHESIA 146
6.1 Publication Acknowledgement 146
6.1 Abstract Error! Bookmark not defined.
6.2 Introduction 147
6.3 Methods 151
6.3.1 Subjects 151
6.3.2 Biting Tasks 152
6.3.3 Data Analysis 155
6.4 Results 156
6.5 Group Results 161
6.5.1 Direction 161
6.5.2 Condition 164
6.5.3 Correlation between Firing Rate and physiological tremor 164
6.6 Hold Experiment 166
6.6.1 Direction 166
6.6.2 Condition 166
6.7 Discussion 170
6.7.1 Physiological Tremor and the EMG Power Spectrum 172
6.7.2 Decrement in Physiological Tremor Related to Increase in Firing Rate 173
6.7.3 The Influence of Afferent Input on MU Firing Rate and Physiological Tremor 175
6.7.4 The Influence of Contraction Type on MU Firing Rate and Physiological Tremor 177
6.8 Limitations of this Chapter 178
6.9 Conclusions 180
6.10 Clinical Relevance 181
CHAPTER 7 CONCLUDING REMARKS 182
7.1 Publication Acknowledgement 182

Xii



7.2 Introduction 182

7.2.1 Mechanical Resonance 183
7.2.2 Reflex Feedback 185
7.2.3 Manipulating the Gain of the Reflex 186
7.2.4 Impulse Response 187
7.2.5 Reflex Loop Time 187
7.2.6 Muscle Spindle Feedback 189
7.3 Evidence against a Purely PMR-Reflex Origin for Mandibular Physiological Tremor. 190
7.4 An Alternative Explanation for the Effect of PMRs on Mandibular Physiological Tremor 192
7.5 Supraspinal Oscillators? 193
7.6 Conclusion 194
BIBLIOGRAPHY 195

APPENDIX A REPRINTS OF PUBLICATIONS PRODUCED BY PAUL F.
SOWMAN DURING THIS PHD CANDIDATUREERROR! BOOKMARK NOT DEFINED.

Xiii



List of Figures

Figure 1.1. Schematic of the proposed neuroanatomy underlying reflexes elicited by
physiological stimulation of trigeminally supplied receptors.

Figure 2.1. Time domain realisations of force and EMG.

Figure 2.2. Normalised power spectra for the force record obtained during 2 minutes of
continuous isometric biting at 2.0N in 7 subjects.

Figure 2.3. Frequency domain analysis of physiological jaw tremor at 4 different

isometric bite levels.

Figure 3.1. General experimental set-up.

Figure 3.2a. Raw force records for a subject biting at 5% maximal voluntary
contraction (MVC) with force feedback.

Figure 3.2b. Force power spectra.

Figure 3.3. Average normalised power spectra.

Figure 3.4. Difference in 6-12Hz range in masseter EMG power between conditions for

2 different modes of feedback.

Figure 3.5. Left masseter EMG to force coherence, force feedback. Figure 3.6.

Masseter to masseter coherence EMG feedback.

Figure 3.7. Masseter to masseter coherence Force feedback.

Figure 4.1. Example of the raw data obtained from a subject during the control

condition.

14



Figure 4.2. Spectral analysis of physiological tremor in 7 subjects.

Figure 4.4. Example of the same motor unit pair and its cross correlation histogram
(CCH) in the Control and LA condition.

Figure 4.5. Mean differences in 1: Firing rate, 2:Synchronisation strength and
3:Coherence area 5-10Hz in A: Single motor unit (SMU) pairs and B: for the SMU
pairs taken from the 5 subjects with a significant peak in the pooled UTU coherence at

physiological tremor frequency.

Figure 4.6. Relationship between single motor unit (SMU) synchronisation strength

(CI1S) and the area of coherence between 5 and 10Hz.

Figure 5.1. Experimental Setup.

Figure 5.2. Left masseteric EMG responses to 10Hz incisal stimulation from a single

subject.

Figure 5.3. Significant interactions identified by the repeated measures ANOVA

performed on the coherence Z-scores across all subjects (n=10).

Figure 5.4. Effects of preload on the entrainment of left masseteric EMG to 20Hz

stimulation of an incisor.

Figure 6.1. Force recorded from a single subject during biting tasks.

Figure 6.2. Physiological tremor spectra; both UP task and DOWN task under force
feedback.

Figure 6.3. Physiological tremor spectra during static holding following either an
UPHOLD or DOWNHOLD task.

15



Figure 6.4. Average data across all subjects (n=10, mean = SEM) during the continuous
force ramps and STATIC task.

Figure 6.5. Relationship between mean firing rate of motor units and magnitude of 6-
12Hz PT in force.

Figure 6.6. Average data across all subjects (n=10, mean £ SEM) during the hold

phases of the ramp and hold experiments.

16



List of Tables

Table 2.1. Summary values for Figure 2.2.

17



	TITLE: THE CONTRIBUTION OF PERIODONTAL MECHANORECEPTORS TO PHYSIOLOGICAL TREMOR IN THE HUMAN JAW
	Author's Declaration
	Abstract
	Acknowledgements
	Dedication
	Table of Contents
	List of Figures
	List of Tables


