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ABSTRACT

Investigations were undertaken to describe and
quantitate the topographical abnormalities which develop
in the organ of Corti as a result of acoustic trauma, and
to determine their relationship to the associated losses of
cochlear function assessed by the compound action potential

(Nl) and cochlear microphonics (CM).

Thirty guinea pigs were exposed, while anaesthetised,
to a tone of 3 KHz at 125 dB SPL for 30 minutes. Both
organs of Corti were examined by scanning electron microscopy
either immediately or 1,3,7 or 14 aays after exposure. 1In
the second study 26 anaesthetised guinea pigs were exposed
to 5 KHz at 125 dB SPL for 30 minutes. Cochlear potentials
were recorded from the round window of the right cochlea

and N, audiograms (sound pressure level required to elicit

1
N. plotted against frequency) and 10 uv isopotential curves

a |

(sound pressure level required to produce 10 uv CM plotted
against frequency) were produced for each animal either
within one hour or 1,7,14 or 28 days later. The same organ
of Corti was examined by scanning electron microscopy.

Cochlear potentials were compared to mean values from 16

normal guinea pigs.

Most animals developed topographical changes in one
or both organs of Corti after exposure to 3 KHz (90%) and

in the right organ of Corti after 5 KHz (92%). There



was a wide variation in both the length (3 KHz: 0.1-4.15 mm;
5 KHz: 0.5-16.0 mm) of lesions and the number of hair cells
affected. Both these indices of damage increased
significantly (p <0.01) in the 24 hours following exposure
to 5 KHz. Early damage to hair cells included either
collapse, fusion or loss of stereocilia and there was an
increase in the proportion of affected cells towards the
centre of the lesions where supporting cells were damaged
also. Subsequent to exposure, collapsed stereocilia
appeared to become fused and some hair cells, particularly
OHC, with stereocilia abnormalities were lost. However,
others, particularly IHC, remained for up to 28 days

despite abnormal stereocilia. Early changes occurred
around the position of maximum displacement of the basilar
membrane and subsequent extension of the lesions occurred
equally in both apical and basal directions. Fusion was

the oniy stereocilia change to develop after exposure.
Regions of the organ of Corti showing supporting cell

damage were replaced within 3-7 days by the proliferation

of inner sulcus and Claudius' cells.

The substantial initial loss of both Nl thresholds
and CM sensitivity partially recovered during the first
24 hours after exposure, but paradoxically, this was
associated with the significant increase in the
topographical changes in the organ of Corti. Nl threshold
loss occurred gver all frequencies and was maximum % - 1



octave higher than the exposure frequency (5 KHz). All
lesions occurred within regions corresponding to changes

in Nl thresholds. 1In the first 24 hours topographical
changes occurred over a much smaller area of the organ

of Corti than indicated by changes in N1 thresholds.

Seven or more days later the longer lesions (30%) reflected
the extent of changes in Nl but the remainder were smaller
than indicated by this functional loss. This suggests that
functionally important damage to the cochlea is more
extensive than indicated by hair cell loss, stereocilia
abnormality or supporting cell changes in the organ of
Corti. Therefore, investigations of the effects of

noise should not be based simply on topographical changes
in the organ of Corti as these often underestimate the

extent of injury to the cochlea.




ACKNOWLEDGEMENTS

I would like to thank my supervisors Professor J.B.
Gavin and Professor P.B. Herdson for their direction and
encouragement during the course of this project. Special
thanks are due also to Dr R.N. Seelye and Dr L.C. Armiger
for their criticism and advice at various times during

this investigation.

Financial support for this study was provided by the
Grace Price Fellowship from the Deafness Research Foundation
of New Zealand. I am most grateful to Mr. P.W. Eisdell-
Moore and Mr. R.J. Goodey, the President and Executive
Officer respectively of the Foundation for introducing me
to this field and for the ready advice and encouragement

they have offered during the course of this work.

The assistance of the technical staff of the Department
of Pathology is gratefully acknowledged. 1In particular I
would like to thank Mr. R.W. Thomson for his advice on
electron microscopy and Mrs. S. Fitzgerald for her expert

assistance in the care of the animals.

I acknowledge the assistance of Mr. J.P. Quinn of
the Department of Physiology and Mr. N. Nouse and his
staff of the Physiology Workshops, Greenlane Hospital.

In the initial phases of this investigation they offered



valuable advice on technical problems and either constructed
or allowed me the use of facilities to construct various
pieces of equipment. I am indebted to the staff of the
Biomedical Engineering Workshops, in particular Mr. L. Hurst,
Mr. P. Doherty and Mr. T. Brady, for their advice and
assistance in the design, construction, evaluation and
maintenance of various pieces of electronic and mechanical

equipment.

Mr. N. Hegley, Mr. B. Robinson and Mr. G. Bellhouse,
of the National Acoustics Centre, Department of Health also
provided equipment and expert advice on technical procedures

involved in many of the sound measurements.

Special thanks are due to Mr. A.B. Ferguson of the
Animal Research Laboratories of the Medical School who
allowed me the use of laboratory facilities. His staff,
in particular Mr. V. Jansen, Mr. A.T. Mekkelholt and Miss
S. Valentine were most helpful with advice and assistance

with surgical methods and animal care.

Mr. H.D. Erlam and the staff of the Philson Library
obtained reference material and arranged a Medlars Literature

Search through the Australian National Library in Canberra.



Particular thanks are due to Mrs. M. Owen and
Miss. R.M. Fraser who typed the drafts and final copy of
this thesis and to Mr. J. Poon and Ms. L. Logan for

their advice and assistance in the preparation of

illustrations.



TABLE OF CONTENTS

VOLUME 1

ABSTRACT

ACKNOWLEDGEMENTS

INTRODUCTION

REVIEW OF LITERATURE
Anatomy of the Mammalian Ear
Physiology of the Mammalian Ear
Noise-Induced Hearing Loss in Man
Experimental Studies of Acoustic Trauma

Morphological Changes in the Organ
of Corti

Morphological Changes in Other
Cochlear Structures

Morphological and Functional

Correlation in Acoustic Trauma

PURPOSE OF THE STUDY

PART I: A SCANNING ELECTRON MICROSCOPIC STUDY
OF THE ORGAN OF CORTI FOLLOWING ACOUSTIC
TRAUMA
Introduction
Materials and Methods
Results

Discussion

PAGE NO.

12

15
15
23
3L
37

37

53

56

68

69
70
70
79

92



PAGE NO.

PART II: THE RELATIONSHIP BETWEEN STRUCTURAL

AND FUNCTIONAL CHANGES IN THE

COCHLEA FOLLOWING ACOUSTIC TRAUMA 105

Introduction 106

Materials and Methods 106

Results 116

Discussion 138

CONCLUSIONS 155
APPENDIX 1: DETAILS OF ANIMAIL MANAGEMENT 161

APPENDIX 2: NOTES ON THE DEVELOPMENT AND
EVALUATION OF THE ANAESTHETIC

PROCEDURE 165

APPENDIX 3: CHANGES IN THE ORGAN OF CORTI

FOLLOWING BRIEF EXPOSURE TO SOUND 175

APPENDIX 4: NOTES ON THE DESIGN AND CALIBRATION
OF EQUIPMENT FOR ELECTROPHYSIOLOGICAL

MEASUREMENTS 184

APPENDIX 5: DETERMINATION OF HAIR CELL WIDTH AND
THE RELATIONSHIP BETWEEN NUMBER OF
HAIR CELLS AND DISTANCE ALONG THE

ORGAN OF CORTI 191

REFERENCES 197

CURRICULUM VITAE 226





