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Abstract

his investigation compared the effectiveness of chemonucleolysis with 500 units of
T collagenase, to lateral fenestration of the thoracolumbar intervertebral discs of the non-
chondrodystrophoid dog. Effectiveness was based on the amount of nuclear material removed
from the disc and the associated modifications to intervertebral disc structure, as determined
by histological examination. The object was to determine whether the percutanecus injection
of collagenase enzyme could be an alternative to fenestration as a prophylaxis against herniation

of a degenerate intervertebral disc.

Cighrone yearold, non-chondrodyserophoid mongrel dogs were used in the experiment. Apart
from rwo dogs which remained untreated, the remaining six dogs were from two licters which
had been sired by the same animal. Two of these dogs had six intervertebral dises (T10/11 to
L.2/3) injected with 500 units of collagnease V1Is delivered percuraneocusly. Another two dogs
had their equivalent discs surgically fenestrated by the lateral approach as described by Floand

Brinker. The remaining two dogs were subjected to 2 placebo injection of physiological saline.

The animals were examined ¢linically, neurologically and radiologically before treatment and
at regular intervais foliowing trearment. Six months following treatment, the dogs wese

euthanased.

The resulrs showed that collagenase caused almost complete removal of normal nuclear marerial
from within the disc. The cencre of the disc was replaced by a variable combinasion of
fibrocartilage and hyaline cartilage, which appeared to develop from the collapsed inner
lamellae of the annulus fibrosus. Complications were recorded in only one dog, who suffered a
transient hind limb paralysisin the cwo days immediartely following injection. A massive dorsal
extrusion of nuclear material was observed in one disc at post-mortem in this dog and was
believed to be the cause of the paralysis. The dog recovered without treatment and remained
normal on clinical, neurological and radiological examinarion six monchs after injection. The

annulus fibrosus, dorsal and ventral longitudinal ligaments remained intact in all other dogs.

Fenestration was found to cause a variable disruption to the normal architecture of the nucleus
pulposus. In most discs, cellular aggregations from the normal nucleus pulposus were
undergoing a rranstormation to fibrocartilage. These cell groups were separated by an increased
amount of amorphous matrix marerial which stained moderately wich alcian blue. In the

remaining discs (3/12), an increased fibrosus of the nucleus pulposus was seen, but no other
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disruption to the normal architecture was recorded. No complications occurred in these dogs.
The injection of the discs with physiological saline caused remarkably similar histological

effects to the disc as did fenestration.

The investigators concluded that collagenase appeared to be an attractive alternative to
fenestration for the prophylaxis of intervertebral disc herniation, on the basis of its completeness
of removal of nuclear tissue, and its simplicity, cheapness, non-invasiveness and the lack of
medium and short term complications. Since intervertebral disc protrusions occur more
commonly in chondrodystrophoid breeds of dog, the effect of collagenase should be studied in

degenerate disc of these breeds before it can be recommended for clinical use.



e e iV

Acknowledgements

I would like to thank my supervisors for their work in the preparation of this thesis: Hilary
Burbidge for her constant support, guidance and perpetual good humour; Brian Goulden for
hisdesire forexcellence, and his clear guidance and thinking; Elwyn Firth and Keich Thompson

for theirpositive commentsand criticims. I would also like to thank Andy Bray for his assistance

with the layour design of this chesis.

The collagenase used in this experiment was supplied by Sigma laboratories, and their support

is acknowledged.



TABLE OF CONTENTS ces y

TABLE OF CONTENTS

Abstract - : ) i
Acknowledgements ) e
Table of contents - o
List of illustrations N

"Secrion 1.0 InTervertesrat Disc Disase: Ax INTRGDUCTION

1.1 ANINTRODUCTION ' - 2

{1 )  Bread Im;der:e

(11:) Site of invslvement uith intervertebral dise disease

I

fii) Sex Incidence ) J
e

4

{ie) ‘Gnses of climical signs

12 _CLINICAL SIGNS OF INTERVERTEBRAL DISC DISEASE - s

B i.2 ! < brsical signs n’)andrcd};zr.n‘.r-:f:i: broeds _ _ ) 3 -5

. 1.22  Clinical signs non-chomdrodystrophic breeds

13 TREATMENT OF INTERVERTEBRAL DISCDISEASE . 8

A3 Comenaiive mandgemen! ! R - ,, 7
132 Nurgical managemen? 7

SecTion 2.0  ANnaATOMY

g_T “INTRODUCTION ) ' _' _ _ " 12
22 STRUCTURE OF THE VERTEBRA - 2
o221 .'mrqdw::’m:m ' _ . ) _ - ) 2
222 The verichral body B ] L T

2.2.3 The newral arch L i3

224 Articular facel goints ) - 4

223 Transverse process L

226 Dorsal spinaus process i - 15

23 LIGAMENTS OF THE VERTEBRAL COLUMN B L
2.3.1 Introduction ) 16

N 2.3.2 Lumg ligaments of she Vertebral Column 16
233 Short Ligamenis of the Vertebral Colurmn oz

24 MUSCULATURE OF THE VERTEBRAL COLUMN ) - 18
24.1 The Epaxial Spinal Musculature B L

242 The Hypaxial musculature ) 2

25 THESPINALCORD e ey




eer i TABLE OF CONTENTS
2517 Meninges 23

2.5.2 Spinal mm’_ _____ _ 24

(i) Sensory {astending) tracts L 26

1ii) Motor (descending tracti } o 28

253 Blood supply to the Spinal cord 29
2.7 THE ANATOMY OF THE INTERVERTEBRAL DISC 32
T T o 5
. T Grass Anatomy of the Inserversebral Dire 33
Microscopic anatomy of the Interversebral Disc 33

Molecular framework of the disc 40

T INTRODUCTION ™ -
3.2 THE VERTEBRAL COLUMN AS A HORIZONTAL BEAM B

321 TheBridg Theory . 8

_ Theoretical Considerations ) B 49

33 THE VERTEBRAL COLUMN AS A FLEXIBLE BEAM A 51

] 331 The Bow-and-Siring theory W . 51

33.2 Experimenial models 2

3.4 MOTION OF ANIMALS (ROLE OF THE VERTEBRAL COLUMN] _ 53

35 BIOMECHANICS OF THE INTERVERTEBRAL DISC i i 58
Secrion 4.0 © DEGENERATION OF THE INTERVERTBRAL Disc

4 INTROBUCTION ™ — 53

4.2 DEGENERATIVE CHANGES IN THE NON-CHONDRODYSTROPHOIDBREEDS 63

421 Gra changer _ 63

4.2.2 Microscopic changes in the nuclens pulposus o L 64

423 Udrrastructural changes e et e e e e e 65

437 DISC DEGENERATIONTN THE CHONDRODYSTROPHOID BREEDS 67

4.3 1 Gross changes - 67

4.3.2 M icroscopic changes in the Nuclews Pulposus 70

4.3.3 Biochemical changes 70

447 CHANGES INTHE ANNULUS FIEROSUS WITH DISC'DEGENERATION ™ 74

4.4.1 The nom-rhomdrodyurphoid dog 74

_______ 44.2 The chondradystropheid dog 76

45 THE PATHOPHYSIOLOGY OF DISC DEGENERATION - 78

_dsr ARRular Tears o e« 78

4.5.2 Celinlar influence m degeneration . 80

4.5.3 Effects of Degeneration on Biomechanical Function 81




TABLE OF CONTENTS sem yij

4;5‘_4_ Nurrits mm_ﬂ’e{tjmdegeremnan ) . o &2

7;_ fij Degeremnm of the Cam!agmom Erxa’ Plate: o T o —f,, . Bl ___:_i:-;_j
(i1} Fibrosis af:fae Interverizbrai Disc: - B B4
46 SUMMARY: INTERVERTEBRAL DISC DISEASE " I

Secrion 5.0 FENESTRATION

5.1 T INTRODUCTION o o o - 88

o 31.] Tar/’micﬁa_ﬂ forﬁmutrar on offf)amfolwméar dm; ; n o o o ___ _SE

52 FENESTRATION AS A TREATMENT - T .

54 FENESTRATION AS A PROPHYLACTIC - N B e g2
ST Rewmme g DbcProlape T T

o sed Ffftm fff{sffg?gﬂ e e
55 VIAR - s
Secrion 6.0 CHEMONUCLEOLYSIS

61 TINTROBUCTION” T o 38

62 CHYMOPAPAIN _ - 98

G2 Phemagy ____'ff_,f,_ﬂ;",f_,____ s

622  Texuiysf Cﬁﬂfo;fc_»ﬂu [ A

3 ; ; 0

oz

103

6.4 __W@NCLUSlONS%W T e T 10e
7.0 CONCLUSIONS AND RESEARCH OBJECTIVES - - 109

" Secrion 8.0 Mareriats ano Metnoo

8.1 EXPERIMENTAL ANIMALS i O £
82 EXPERIMENTAL PROCEDURE - R
821 Anasthesia - - s
822 Raa'mgr:zpbzf assessmeni o ] o e Y

8.23 Inpection technique i k o 173

824 nyevion of collagemase - s
 B25  njetion of saline e 1i6
_ 8;26 Surg:m_fjgnﬁfmnon o - - 116




e i TABLE OF CONTENTS

8.3 POST-OPERATIVE EVALUATION 117

- mgji,]v In vive gxami;mfiémmy_ . ) _ ]T?

8.3.2 Post-mortem analysis 117

833 Histalogical preparation B 117

9.1 PRE-OPERATIVEEVALUATION _ R L

9.2 EXPERIMENTAL PROCEDURES 126

9.2.1 Anae;‘be_(:a 126

922 Properative radiographic aisessment B s
923 Infection technigue . e R 2
924 Inpmvon of collagerae 126
925  Iweuwsmefsalie 10
926  Swgmalferesraten e
93 POST-OPERATIVEEVALUATIONS — =~~~ = 127
N R L A 7
_ 832 Poutmortemexaminatien o T8
Secrion 10.0  Discussion
101 BlscussoN - - e e e
102 EXPERIMENTALCRfTiCISMS — — — — — - -~~~ 187
103 CONCLUSIONS ——~ — — — — e 168

"Secrion A Appenoix A

A 1.0 DIAGNOSIS OF INTERVERTEBRAL DIST DISEASE - 172
A1.1 NEUROLOGICALEXAMINATION 1
DT Gl gadiegh Y £

ATLZ Motor deficits ’ 173
i Forelimtb reﬂexe' . o o 174

o 1) Hindlimb reflexes: ) . ) i 173
iij Ovher reflexes: 176

A T3 Semsory deficits 177

AT2 RADIOLOGICALEXAMINATION

AlLZ] Plain radiographs 178
Al122 Contrast radisgraphy 179
(i} Corvical puncinre (cisterna magna) 180
(i1} Lumbar punciure 181
Enterpretation of the myelogram 181

(13i) Spacial imaging T
A1.3 CEREBROSPINAL FLUID EXAMINATION R T




TABLE OF CONTENTS see ix
A 2.0 TREATMENT OF INTERVERTEBRAL DISC DISEASE 183
A 20.1 Introduction 183
A 2.1 REVIEW OF SPINAL CORD INJURY 184
A 2.1.1 Direct Morphological changes 184
A 2.1.2 Vascular changes 184
A 2.1.3 Biochemical and Metabolic changes 185
A 2.2 NON-SURGICAL (CONSERVATIVE) MANAGEMENT 186
2.2.1 Pharmacological agents 187
222 Nursing care 188
A 2.4 SURGICAL MANAGEMENT 190
24.1 Decompression (laminectomy) 190

BIBLIOGRAPHY

BIBLIOGRAPHY 192




ey TABLE OF CONTENTS

LIST OF ILLUSTRATIONS

SECTiON 1'0 ......
Figure }.1: The relative breed invidence of interveriebral diic dﬁme i the dog T T __?
Figure 1.2, Number quemmimm recorded at eath thoracolumbar interveriebral space in £ in the dog. _ 3
ﬁigure\ i3 Pbamgrapb of @ matsive Type I disc herniation in a 5 year old Beagle. 5
Figure 1.4. Severe haemalomyelia in the spinal cord of a 5 year old forgrfoﬂow ng an acute d dz.s. berniaiion. 6
Figure 1.5: P};o:ogmpb o a severe Type IT les: Zeuo-z 1 a9 year old Border Co;’f;e e F’
Section 2.0

Figure 210

Figure 2.2

Figure 2.2a: T}x veriebral md} o

Figure 2.25: The newral arch,
,F}é;;ed.?_;?_(_\ T Fhe artic ufa;;f;e:__

A}_I;:.r_r-e 224 The transverse proveies. T
!‘;gure cure 2.3- | The ansickinal vertebra,

]/Je hggmerf; q,frbe wr.epraf m.’umn

_ T The b}pd g:f

A crosg-section aj’ the mez;i cord 1how

f;;q:.rre 2.4 i Cron-rection m(;bf 'P:ru*'(fwz' Thote !

Figure 2. 100 Thoracic and Lumbar vertetral ;;mr ri sfrf Lx»emf afect. ’ o 30
Figure 2.11: The Irx'.erwr'erzr.z.’ Duc T T T T T
?Q;&?}_F_ - Smm?mg lectron ma:rogmpb af the annulus fbra.c.m—— I
Figure 2.13: Phatomicragraph of the normal annul: fwmm“' showing the gunciion between 1he lamellae and the cariilaginous

end plate (CEP). 36
Figure 2.14: Electron micrograph of o celi from the nuclews puelpows of a mormial, buman inierverisbral dic. 38
Figure 2.15: Collagen conimt of ihe inierveriebral dic 42
F ;g_u;EL 1 _ Drawing of the pratesg bran mocecule, and 115 assarialion witk codlagen 43

Secrion 3.0

Figare 3.1. The bridee sheory. 49
F?g;mf 32 Bmdmg moments afong the vertebral rolumn . 50
Figure 3.3 A beam, supporied at enz end only by being built ints a wall, s given addisional s mppor.r 6} @ srrecrcr‘xa’ co-rd wd, 52
Figure 3.4: The thoracolumbar spine of the Ungulaies (A: horiz; B: Bison). 54
Figure 3.5: Pindogenesic elomgation of the distal md of 1he mammalian limb, T
Figure 3.06: Two d;ﬁ;mrﬁmﬁ_gf the feaping- gaffo;; frai, dog ) and the horse. gat’iop (deer, horse . o 55

The gallop of the chetiah. - 56

Site of disc hevmiation int the human. 57

F ng'e 3. 9 Compressive !am’mg o r};e merwriebm{ dz.sr 59




TABLE OF CONTENTS -

- Secion 4.0

Figure 4.1: Degeneration of the non- fboﬂdrcdy!ropholdudﬁj o o
Figure 4.2: Gf};mammog!ymm wiikin the non- fbor;dmdx»rrpbazd nuclens pulosus with increasing age. h
Figure 4.3 " Degeneration of the cbor:a’rodafrrapboxd Aises. o
Figure 4.4: The distribution of disc calcification and disc protrusions along the lerzgtb of the veriebral calmmz
Figure 45 The incidence of disc berniations about the ‘b;gbumm‘mn diaphragmatic region.
Figure 4.6 Glycosammoglycans within ihe chondrodysirophots suclius pularus with increas

Figure 4.7: A jmw-xcg;ett);mmarmn of the development of dise degeneration in the rM{berad)s;’rJ;lhofd
f‘:gﬂ;ﬁA‘T o A schemaiic representation of the development of dise degenevation in the cbona’rodhiropbozd disc ;
Figuﬂ_'4_,97_" Representation oft}pzm:' type | and :)peTS:_a—;:Esz disc hermiations. s
Figure 4100 The collagen comient of the nuclews pulposus of both chandrod dysiraphic and nanwbar.drw‘mrcpbxc d:fc, T
Figure 4.11: The seif- !Je;::?z);g }J_'.?fm‘b&m ~ T

Section 8.0

F gure&’] ST “Pref‘ﬂ"’f'..r-, e

'km

f:gw‘: 8 2

f'gum;f

Fzg.ari g 2

1”__;1’1;1{&:’ and Sa,,ﬂc mjeﬁl&.{ ij H‘I

Deral Lm"g ’:.'_:/ nal !'gmrl

\v'ef‘fr..m S :(‘r‘I Y
.‘

ffgxrf, 9 5






