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Abstract 

 

Acute thoracolumbar intervertebral disc extrusion is a common reason for dogs to present to 

referral practices the consequences of which range along a spectrum from spinal 

hyperaesthesia without concurrent neurological deficits to paraplegia with absent pelvic limb 

and tail deep nociception, something usually termed “deep pain negative”.  Although we have 

been aware of this type of myelopathy as far back as the 1890s, there remains debate 

regarding the appropriate treatment for affected dogs.  Currently available treatments are 

categorised as either surgical or conservative but to date, these treatment options have never 

been directly compared in a randomised controlled trial.  Furthermore, most studies reporting 

outcomes following conservative management are either retrospective or small prospective 

series, leaving limited available evidence to facilitate the use of conservative management in 

clinical practice.  This has led to a consensus that surgical management is superior to 

conservative management and that it may be the sole route to recovery for non-ambulatory 

dogs despite several reports of recovery following conservative management.  Whilst the 

prognosis for recovery of function following surgery is undeniably favourable this is not 

available for many dogs due to financial or geographic restrictions and so it is possible that 

the consensus is leading to dogs being euthanised who could have been recovered 

conservatively.   

 

To address the paucity of evidence for conservative management I recruited non-ambulatory 

dogs with thoracolumbar intervertebral disc extrusions and managed them conservatively 

over a period of 12 weeks.  By doing this I was able to demonstrate that many dogs managed 

conservatively can be recovered medically including many of those who were deep pain 

negative on presentation confirming that this is a valid alternative to euthanasia.  I also 

undertook morphometric analysis of MR images obtained at the beginning and end of the 

study period which documented complete regression of some extruded discs as well as some 

which remained relatively unchanged.  I was also able to show that not only can recovery 

occur in the face of substantial compression but also that for many dogs, recovery is 

independent of the removal of compressive material.  Lastly, through morphometric MRI 

analysis I documented the importance of the contusive injury and its potential significance in 

deep pain negative dogs which may help guide future research.  
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1. Introduction 

1.1 Anatomy and Function of the Intervertebral Disc 

Intervertebral discs can be found between each vertebral body of the vertebral column with 

the exception of the first and second cervical vertebrae and the fused sacral vertebrae (Evans 

& de Lahunta 2012).  Discs play a key role in the stability of the column, transmitting 

compressive forces generated by the head and abdominal muscles whilst also facilitating 

some limited movement in multiple planes (Hansen 1952).  They are formed of four regions, 

each of which has a key role to play: the nucleus pulposus, the transitional zone, the annulus 

fibrosus and the cartilaginous endplates (Evans & de Lahunta 2012; Hansen 1951) (Figure 1).  

The intervertebral discs as a whole are also bordered dorsally and ventrally by the dorsal and 

ventral longitudinal ligaments, and in the thoracic vertebral column by the intercapital 

ligament which run transversely across the dorsal aspect of the disc, ventrally to the dorsal 

longitudinal ligament. 

 

 
FIGURE 1 ANATOMY OF THE INTERVERTEBRAL DISC SHOWING THE NUCLEUS PULPOSUS (NP), TRANSITIONAL ZONE (TZ), ANNULUS 

FIBROSUS (AF) AND END PLATES (ARROWS) (COPIED WITH PERMISSION FROM Bergknut et al. 2013) 
 

1.1.1 Nucleus Pulposus 

The nucleus pulposus, which is the only remnant of the embryological notochord retained in 

adult mammals (Mccann et al. 2012; Sinowatz 2010), forms the central part of the disc. It is 

surrounded by the transitional zone on all sides and held in situ by the annulus fibrosus and 

cartilaginous endplates.  The nucleus consists of gelatinous matrix mainly composed of 

highly hydrated proteoglycans such as aggrecan which in turn are formed of 

glycosaminoglycans such as chondroitin sulphate and keratin sulphate (Ghosh et al. 1977b).  

The sulphation of these glycosaminoglycans means the proteoglycan carries a large negative 

charge which drives a large osmotic gradient leading substantial water retention and 

conferring the gel like appearance of the disc (Ghosh et al. 1977b; Watanabe et al. 2006).  
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Embedded within this gel like matrix are randomly oriented collagen type II fibres (Inoue 

1981; Prithvi Raj 2008) and radially oriented elastin fibres (Prithvi Raj 2008; Yu et al. 2002) 

which act concurrently with the hydrated proteoglycans to allow the nucleus to act as a 

hydroelastic cushion (Ghosh et al. 1977b).  Other types of collagen are also found within the 

nucleus and are thought to help maintain the extracellular matrix (Watanabe et al. 2006). 

Within the matrix are also some notochordal cells (Hansen 1952) which produce collagen 

type II and proteoglycan, although these are replaced by chondrocyte like cells with age 

(Bergknut et al. 2013; Bray & Burbidge 1998; Hansen 1952).  It is important to note that the 

normal nucleus pulposus is avascular (Crock et al. 1991), receiving its nutrients and oxygen 

via diffusion from the cartilaginous endplates (Maroudas et al. 1975; Nachemson et al. 1970), 

meaning it contains relatively low levels of oxygen and nutrients, and although the 

notochordal cells which reside in the nucleus are highly specialised and possess and unique 

metabolism which allows them to survive in a low oxygen and nutrient environment, this 

may leave them susceptible to any pathology which could disrupt the diffusion across the 

vertebral endplates.   

 

1.1.2 Transitional Zone 

The transitional zone constitutes a gradual transition from the nucleus pulposus to the annulus 

fibrosus with an increase in chondrocyte-like cells more peripherally (N. Bergknut et al. 

2013; Johnson et al. 2010).  The matrix is also more fibrous and as it merges with the annulus 

this fibrous matrix becomes progressively more lamellar in organisation.  The transitional 

zone can differ between chondrodystrophic and non-chondrodystrophic dogs with the latter 

having a narrower and more distinct transition (Hansen 1952; Smolders et al. 2013).  

 

1.1.3 Annulus Fibrosus 

The annulus fibrosus is made of a series of concentric sheets termed lamellae whose main 

function is the restriction of the inner nucleus pulposus.  To achieve this there are between 

15-25 lamellae (Marchand & Ahmed 1990) made of organised bundles of collagen which are 

each arranged at approximately 60!  in the vertical axis and alternate from right to left in 

orientation (Inoue 1981; Marchand & Ahmed 1990).  There are no connections visible 

between these lamellae using a standard optical microscope (Inoue 1981) and therefore they 

may be able to glide over one another during loading, a process which may be further aided 

by the associated proteoglycan coating (Ghosh et al. 1977b).  Many of the layers are not 



 12 

complete rings and so there is a disparity in the number of layers at each aspect with the 

fewest being in the anterior and posterior aspects in human lumbar discs (Marchand & 

Ahmed 1990) which is the equivalent of dorsal and ventral in dogs.  It has also been shown 

that some layers may be interrupted, and this is also more common at the dorsolateral aspect 

of the disc suggesting this may be a point of weakness (Bray & Burbidge 1998; Marchand & 

Ahmed 1990).  The type of collagen is also not uniform with the outer annulus containing 

more type I collagen and type II becoming more prevalent in the inner annulus (Eyre & Muir 

1976; Ghosh et al. 1977a).  These collagen bundles are then anchored in either the 

cartilaginous endplates (inner anulus) or the adjacent vertebral epiphysis (outer annulus) via 

Sharpey’s fibres (Bray & Burbidge 1998; Inoue 1981; Marchand & Ahmed 1990).  Much like 

the nucleus, the annulus also contains some elastin fibres which pass between the lamellae 

(Johnson et al. 1982; Yu et al. 2002) and may impart some dynamic flexibility to the disc or 

aid return back to the normal lamellar arrangement after loading.  The matrix of the annulus 

is maintained by fibrocytes although the inner annulus contains increasing layers of 

chondrocytes as it merges with the transitional zone.  The outer annulus also differs from 

other parts of the intervertebral disc as it contains small numbers of nerve fibres (Forsythe & 

Ghoshal 1984) but these do not penetrate to the inner annulus. 

 

1.1.4 Cartilaginous Endplates 

Some reports have not considered the cartilaginous endplates to be a part of the intervertebral 

disc (Hansen 1952) but they play a key role in the intervertebral disc function by anchoring 

the annulus, providing a route for nutrients to diffuse into the disc and may also contribute to 

the shock absorbing capacity of the unit as a whole.  Like other articular cartilage the 

endplates are made of hyaline cartilage which contains a large amount of proteoglycan and 

collagen and has a slight concavity in the central region where it is closest to the nucleus 

pulposus.  Previous studies have suggested that this concavity may allow diffusion of 

nutrients into the annulus and nucleus in response to loading (Holm & Nachemson 1983), 

possibly from the vascular rich marrow of the vertebral body (Crock & Goldwasser 1984; 

Nachemson et al. 1970), but one study suggested that this may not be adequate and nutrients 

from this source may not be able to reach all parts of the nucleus (Maroudas et al. 1975) 

whilst other studies have suggested nutrition may also be gained from the rich epiphyseal 

arterial supply (Holm et al. 1981; Holm & Nachemson 1983). 
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1.2 What is a disc extrusion? 

Myelopathies caused by acute intervertebral disc extrusion have been known about for a long 

period of time having first been described in 1896 (Olsson 1951) and fully characterised in 

1952 (Hansen 1952). They remain a common reason for presentation to referral and primary 

care practices with any breed of dog potentially being affected and an approximate lifetime 

prevalence of 2% (Bergknut et al. 2012a; Bray & Burbidge 1998; Priester 1976). 

Intervertebral disc extrusions are, however, more commonly associated with breeds described 

as chondrodystrophic (Hansen 1952; Priester 1976), such as the dachshund, which are 

defined by dysplastic shortening of the long bones and this is likely due to the premature 

intervertebral disc degeneration seen in these breeds (Brown et al. 2017; Hansen 1952).  

Although there is no strict consensus as to which breeds should be classified as 

chondrodystrophic it is generally accepted that it is caused by the FGF4 retrogene insertion at 

CFA 12 and breeds in which this is prevalent are also those commonly affected by 

intervertebral disc extrusions (Brown et al. 2017; Dickinson & Bannasch 2020; Hansen 

1952).  It is also possible for dogs of any age to be affected but extrusions most commonly 

occur in middle aged dogs (Priester 1976).  For example, the median age at presentation for 

dachshunds is 5 years (Dachslife et al. 2021).  Clinical signs are usually acute to sub-acute 

and are dependent on location and severity of the injury.  In the thoracolumbar region, signs 

affect the pelvic limbs and span a scale from spinal hyperaesthesia alone with no detectable 

neurological deficits to paraplegia with absent pelvic limb and tail nociception, something 

usually termed “deep pain negative”.  Clinically these signs are graded using variations of the 

Modified Frankel Scale, initially proposed for humans but adapted for dogs (Frankel et al. 

1969; Scott 1997), in which dogs with spinal hyperaesthesia alone are Grade 1 and 

paraplegic, deep pain negative dogs are Grade 5. This scale is also similar to the American 

Spinal Injury Association (ASIA) scale used in humans A similar system has also been 

proposed in which deep pain negative dogs are Grade 0 and those with deep but not 

superficial pain are Grade 1 (Modified Frankel Scale 2) but the ability to clinically determine 

the difference between superficial and deep pain has been questioned (Speciale 2003) (Table 

1). Regardless of the grading system used, in some individuals, paralysis is permanent and in 

the most severe cases there can be progressive necrosis of the spinal cord, also known as 

progressive ascending descending myelomalacia (I. R. Griffiths 1972). These signs are the 

result of structural failure of the annulus fibrosus, usually under physiological forces, leading 

to herniation of degenerate, often calcified, nucleus pulposus through the ruptured annulus 
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fibrosus (Hansen 1952) causing a contusive spinal cord injury and compression which may 

be persistent with each disc extrusion being a unique combination of these two insults, 

perhaps explaining why there is such a range of clinical signs.   

 

Clinical Signs 
Modified Frankel 

Score 1 

Modified 

Frankel Scale 2 
ASIA Scale 

Spinal hyperaesthesia 

alone 

1 5  

Ambulatory paraparesis 

and ataxia 

2 4 D 

Non-ambulatory 

paraparesis 

3 3 C 

Paraplegia with intact 

superficial and deep 

pelvic limb and tail 

nociception 

4 2 B 

Paraplegia with intact 

deep but absent 

superficial pelvic limb 

and tail nociception 

4 1 B 

Paraplegia with absent 

superficial and deep 

pelvic limb and tail 

nociception 

5 0 A 

TABLE 1 SUMMARY OF CLINICAL SEVERITY SCORES USED FOR DOGS WITH THORACOLUMBAR MYELOPATHIES 
 

1.3 Pathophysiology: Intervertebral Disc Degeneration and Spinal Cord Injury 

1.3.1 Degeneration  

Intervertebral disc degeneration is known to commonly precede Hansen Type 1 intervertebral 

disc extrusions and is known to be a risk factor for this type of herniation.  Intervertebral disc 

degeneration in the dog and subsequent intervertebral disc extrusion was first described by 

Hansen (1952) and termed chondroid metaplasia, a process which is typified by alterations in 

the cellular and extracellular composition of all four components of the disc.  Since its initial 
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description little more has been elucidated about the specific process of degeneration in dogs, 

but it has been shown to be similar to humans (Bergknut et al. 2012b), and therefore many of 

the processes are assumed to be alike.  There are, however, some key differences including 

the lack of notochordal cells in the adult human nucleus, a decreased cellular density 

compared to small animals and inferior metabolite transfer in humans, all of which may 

affect the capacity for repair (Lotz 2004).  In humans there is also a recognition that the 

processes of ageing and degeneration share some common features and differentiating the 

two can be challenging.  However, the normal ageing process of the intervertebral disc is not 

associated with pain in humans and so it may be important to differentiate between the two.  

To this end, Adams and Roughly (2006) defined degeneration as “an aberrant cell mediated 

response to progressive structural failure”, and a degenerate disc as “one with structural 

failure combined with accelerated or advanced signs of aging”.  They also propose that the 

term early degeneration should relate to a disc which is structurally intact but has undergone 

premature or accelerated age-related changes (Adams & Roughley 2006). These definitions 

acknowledge the common features of ageing and degeneration but recognise that in 

degeneration the changes in composition of the disc are premature and accelerated in nature, 

and it is the link between degeneration and structural failure that is key.  This may be an 

important concept for dogs as chondroid metaplasia, which has been shown to be similar to 

human disc degeneration (Bergknut et al. 2012b), has been demonstrated to occur in very 

young dogs and is associated with future structural failure (i.e., extrusion) (Hansen 1952).   

 

The degeneration process is characterised by a loss of proteoglycan and a change in the 

composition of glycosaminoglycan molecules (Lyons et al. 1981).  Chondroitin sulphate side 

chains are replaced by keratin sulphate (Ghosh et al. 1977b), which are shorter and less 

capable of holding water molecules.  This is further confounded by the decrease in 

notochordal cells and the increase in chondrocyte like cells (Braund et al. 1975; Hansen 

1952)which produce an extracellular matrix (Cappello et al. 2006) more akin to hyaline 

cartilage which has a higher collagen content and creates a shift in the predominating type of 

collagen from type II to type I (Bergknut et al. 2012b; Bergknut et al. 2013; Ghosh et al. 

1976).  These collagen molecules can also become increasingly cross-linked with one another 

which further affects the biomechanics of the disc (Duance et al. 1998).  As well as changing 

the biomechanical properties of the disc, these changes also affect movement of nutrients and 

metabolites in and out of the nucleus, further damaging the cells and reducing their capacity 

for repairing the extracellular matrix (Roughley 2004).  This change in biomechanical 
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loading renders the disc vulnerable to stress from physiological forces which creates a cycle 

of damage, inadequate repair, and a progressive reduction in the capacity for repair (Bergknut 

et al. 2013).  The change in loading also damages the annulus, creating tears or disruptions in 

the lamellar structure, and can also damage the endplates.  In humans the endplates lose 

proteoglycan and water content and eventually become mineralised which can impair the 

nutrient diffusion into, and metabolite transport out of the disc (Aoki et al. 1987; Bernick & 

Cailliet 1982; Bishop & Pearce 1993; Fields et al. 2018).  The annulus itself also undergoes 

degenerative changes, a process characterised by ingrowth of chondrocyte like cells and a 

loss of the normal organisation of the lamellae (Bergknut et al. 2013; Hansen 1952).  Cross-

links may also form between the lamellae inhibiting their ability to glide over each other 

(Bergknut et al. 2013; Puustjarvi et al. 1993), further changing the response to loading.  The 

transitional region also become less defined and encroaches on the nucleus, due to a shift 

from type II to type I collagen (Bergknut et al. 2013; Hansen 1952).   

 

In chondrodystrophic dogs, calcification is commonly associated with intervertebral disc 

degeneration (Hansen 1952) although it is not known whether this is a cause or consequence 

of degeneration and whether it plays a role in herniation is not clear.  As with degeneration, 

the mechanism of calcification has not been uncovered in dogs but in humans, inflammation 

and altered mechanical loading have both been suggested to play a role (Zehra et al. 2022).  

The exact link between inflammation and calcification is not understood but inflammation 

has been associated with calcification in various vascular conditions (Bessueille & Magne 

2015; Joshi et al. 2016), microcalcifications are triggered by inflammatory cytokines 

(Bessueille & Magne 2015; Ikeda et al. 2012), and inflammation and angiogenesis are seen in 

ossified discs (Canaff & Hendy 2005; Peng et al. 2005; Saifuddin et al. 1999) suggesting the 

two processes are related (Zehra et al. 2022).  Similarly to inflammation, how abnormal 

loading induces calcification is not known.  However, parameters of spinopelvic alignment 

can predict calcification (Zehra et al. 2020) and abnormal mechanical loading can increase 

collagen X (Du et al. 2016; Roberts et al. 1998), a known marker of endochondral 

ossification (Roberts et al. 1998; Shen 2010).  In dogs, calcification seen on radiography has 

been associated with increased risk of herniation (Jensen et al. 2008), however, calcification 

occurs more frequently than herniation, herniation can occur without radiographic evidence 

of calcification (Rohdin et al. 2010) and how it alters biomechanical loading has never been 

investigated in dogs suggesting there is more to learn about the role calcification plays in 

herniation.   
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1.3.2 Contusive Injury 

The immediate, primary effect of the contusive injury caused by the sudden herniation of 

nucleus pulposus is localised damage to axons and blood vessels.  Severe injuries can destroy 

all the axons which would normally traverse the injury site, but larger axons appear to be 

more sensitive to this primary injury and in less severe injuries peripheral, subpial axons are 

reported to remain (Smith & Jeffery 2006).  This primary injury sets in motion a serious of 

secondary events culminating in a loss of axons and oligodendrocytes and glial scar 

formation.  One of the most important mediators of this secondary injury is an increase in 

intracellular calcium (Schanne et al. 1979; Tator & Fehlings 1991) which results in necrosis, 

apoptosis, and axonal degeneration (McEwen & Springer 2005; Yu & Geddes 2007).  There 

are several mechanisms which contribute to this including direct mechanical injury to the cell 

which disrupts the cellular membrane and secondary to ischaemia caused by a combination of 

spinal cord swelling and haemorrhage which may extend cranially and caudally from the 

initial injury (Jeffery & Blakemore 1999; Rowland et al. 2008; Tator & Koyanagi 1997).  

Both contribute to a conduction block caused by increased intracellular sodium and reduced 

cellular potassium which leads to a loss of the normal resting potential across the cell 

membrane (Eidelberg et al. 1975; Jeffery & Blakemore 1999).  The increased concentration 

of intracellular sodium leads to cytotoxic oedema as well as a reversal of the normal Na:Ca 

pump and uptake of calcium ions (Agrawal & Fehlings 1996).  This may be exacerbated by 

mitochondrial dysfunction which will additionally impact sodium pumps and calcium 

buffering (Rowland et al. 2008).  Further uptake of calcium is also mediated by release of 

excitatory neurotransmitters such as glutamate, secondary to depolarisation, which facilitate 

calcium uptake via the NMDA and other receptors (Faden & Simon 1988; Lipton & 

Rosenberg 1994).  In turn these events cause release of free radicals which cause greater 

damage to cell membranes creating yet further calcium uptake and necrosis (Jeffery et al. 

2013; Rowland et al. 2008).  Further damage is also caused by the sequelae of the blood 

vessel damage which include oedema and an increase in pressure within the cord, thrombosis 

of blood vessels and disruption of the microcirculation due to release of vasoactive 

compounds (Rowland et al. 2008; Tator & Fehlings 1991; Tator & Koyanagi 1997).  

Histologically this appears to be more prominent in grey matter since the microvasculature is 

more susceptible to damage and grey matter has a higher energy requirement (Harris & 

Attwell 2012; Jeffery et al. 2013; Martirosyan et al. 2011).   
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FIGURE 2 MECHANISM OF THE PRIMARY AND SECONDARY SPINAL CORD INJURY 
 

One prominent feature of contusive injuries is demyelination (Smith & Jeffery 2006) and 

dysmyelination (Blight 1983; McDonald & Belegu 2006; Smith & Jeffery 2006).  This can be 

caused by the primary traumatic injury and secondary to ischaemia, but oligodendrocytes are 

also vulnerable to damage excitotoxicity due to their NMDA receptors (Dutta & Trapp 2011; 

Griffiths & McCulloch 1983). Not only do these injuries cause demyelination, rendering 

axons more vulnerable to destruction, but also paranodal and segmental myelin damage 

(Smith & Jeffery 2006) which may contribute to clinical signs by adversely affecting nerve 

conduction velocities.   

 

Microglia and immune cells also play a role in the damage caused by contusive spinal cord 

injury.  Microglia are activated almost immediately following the initial injury and are a 

source of free radicals as well as releasing cytokines which mediate the innate immune 

response and lead to changes in vascular tone (T. M. A. Boekhoff et al. 2012; Spitzbarth et 

al. 2011).  One of the main components of this innate immune response are neutrophils which 

are one of the first immune cells to be found following spinal cord injury (T. M. A. Boekhoff 

et al. 2012; Griffiths & McCulloch 1983; Spitzbarth et al. 2011).  They directly damage cell 

membranes as well as releasing free radicals which further injure the cell membrane causing 

calcium uptake and therefore necrosis and further inflammation (Jeffery et al. 2013).  

Lymphocytes are also present with some becoming autoreactive due to the presentation of 

previously concealed antigens (Ankeny et al. 2009).  It is also true that microglia and 

lymphocytes can have some protective effects suggesting that there are other factors affecting 

the immune response which are as yet unclear (T. M. A. Boekhoff et al. 2012; David & 
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Kroner 2011; Kipnis et al. 2002; Rapalino et al. 1998).  Astrocytes are another glial cell that 

play a role in the secondary injury.  In the initial phase astrocytes in the epicentre of the 

lesion may undergo necrotic cell death but after the acute injury those around the periphery 

hypertrophy and proliferate, eventually intertwining to form an astrocytic scar which long 

term forms a physical and chemical blockade to axonal regeneration (Hagg & Oudega 2006; 

Herrmann et al. 2008). 

 

1.3.3 Compressive Injury 

There is currently less known about the sequelae of the compressive injury, partly because 

most naturally occurring and laboratory-based models usually involve some degree of 

concurrent contusive spinal cord injury which may be particularly important given the finding 

that a contused spinal cord may be less well able to withstand compression (Dimar et al. 

1999).  Many laboratory models also have the limitation of requiring some form of 

laminectomy which alters the fluid dynamics of the spinal cord and increases the space in the 

vicinity of the laminectomy (Cheriyan et al. 2014; Ridlen et al. 2022; Xu et al. 2008).  These 

are partly overcome by using balloon compression techniques with a distant laminectomy or 

screw placement through the dorsal lamina but neither perfectly recreates the environment 

created by intervertebral disc herniation.  Despite these limitations, there is evidence that 

spinal cord compression leads to gray matter damage, loss of axons, myelin damage, reduced 

numbers of glial cells, and status spongiosus (Fish & Blakemore 1983; Xu et al. 2008).  

Experimental compression generated by balloon compression in dogs also demonstrated 

severe haemorrhage and vacuolar formation which were most notable with increasing levels 

of compression (Lim et al. 2007; Purdy et al. 2004). The exact mechanism for these 

pathological findings has not been elucidated but it has been suggested that a combination of 

direct mechanical damage and disruption of the blood supply contribute (Al-Mefty et al. 

1995; Bohlman & Emery 1988; Wright & Palmer 1969).  In vitro, compression can block 

conduction possibly by changing the permeability of membranes to certain ions (Shi & Blight 

1996; Tarlov 1954) and compression has also been shown to chronically disrupt the blood 

flow through the affected region with venous flow appearing to be particularly sensitive 

(Wright & Palmer 1969).  Furthermore, Brain et al. (1948) postulated that in humans with 

chronic compressive cervical myelopathies it was the effect on the vascular supply which was 

responsible for the pattern of histopathological changes seen with this disease.  This theory 

was subsequently updated by Gooding (1974) to account for the lack arteriosclerotic lesions 
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seen in these patients (Jellinger 1967).  Instead, it was suggested that arterial spasm and the 

loss of autoregulation lead to episodic ischaemia (Gooding 1974), something supported by 

the finding that autoregulation can be abolished by increasing compression (Palleske et al. 

1970).  This would also be supported by the finding that in experimentally induced cervical 

spinal cord compression in dogs, the watershed region (the periphery of the gray matter) 

between the ventral spinal artery and peripheral arteries were the most severely affected (Al-

Mefty et al. 1995).  This would suggest greater relevance for lesions affecting the lumbar 

intumescence, and this may explain why a caudal lumbar extrusion have been associated with 

an increased risk of myelomalacia (Balducci et al. 2017; Castel et al. 2019), although no 

studies have identified a difference in prognosis between thoracolumbar and caudal lumbar 

extrusions (Dhupa et al. 1999a; Ruddle et al. 2006). Despite the lack of a definitive 

mechanism, it is clear that compression has the potential to cause both grey and white matter 

damage, as seen in dogs with chronic intervertebral disc protrusions (Jeffery et al. 2013).  

However, the relevance of the severity of compression, time period of compression and its 

possible interaction with the contusive insult remain unclear. 

 

1.4 Risk Factors 

1.4.1 Genetics 

Although intervertebral disc extrusions can occur in any breed, they have been recognised as 

more common in so called chondrodystrophic breeds.  Hansen (1951) originally described 

three breeds as being chondrodystrophic and most at risk of intervertebral disc extrusion 

(Dachshund, French Bulldog and Pekingese) but since then more breeds have been described 

as chondrodystrophic without any clear consensus as to which breeds should be termed 

chondrodystrophic (Smolders et al. 2013).  Typically, this definition is extended to breeds 

with “short legged” phenotypes and, although many different skeletal dysplasias have been 

described (Dickinson & Bannasch 2020), only overexpression of fibroblast growth factor 4 

(FGF4) as a result of FGF4 retrogene insertions at CFA12 and 18 have consistently 

associated with limb length in across breed studies (Brown et al. 2017; Hayward et al. 2016; 

Parker et al. 2010; Plassais et al. 2019).  Like a majority of fibroblast growth factors, FGF4 

has an important role in embryological development and is most highly expressed in the 

embryonic ectoderm, axial, paraxial and lateral plate mesoderm, and tail bud (Niswander & 

Martin 1992).  It is also highly expressed in somites which will go on to form the non-nuclear 

parts of the intervertebral disc (Niswander & Martin 1992; Sivakamasundari & Lufkin 2012; 
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Sun et al. 2002) although there is no expression of FGF4 in the developing nucleus 

(Niswander & Martin 1992).  It is, however, involved in the differentiation of notochordal 

cells (Shimauchi et al. 2001) and interaction of structures where FGF4 is expressed such as 

the cartilaginous endplates and annulus (Dahia et al. 2009) with the developing nucleus is 

key for normal disc development (Sivakamasundari & Lufkin 2012).  

 

The FGF4 retrogene insertions at both CFA12 and 18 have been linked with a short limbed 

phenotype with breeds carrying both having the most severe dwarfism.  Despite this only the 

insertion at CFA12 has been shown to be a risk factor for intervertebral disc disease (Batcher 

et al. 2019; Brown et al. 2017; Dickinson & Bannasch 2020) with one study showing an odds 

ratio of 51.23 (95% CI 46.69-56.20) for Hansen type I disc extrusions (Brown et al. 2017).  It 

is also true that the breeds shown to carry the insertion at CFA12 are those most commonly 

associated with intervertebral disc extrusions (Braund et al. 1975; Hansen 1952, 1951).  

Some of these breeds also carry the insertion on CFA18 such as the dachshund and corgi, 

however, the breeds who only carry the insertion at CFA12 and not CFA18 are recognised as 

being more commonly affected by IVDD (e.g., Beagle and French Bulldog) and those who 

only carry the insertion on CFA18 are not (e.g., Cairn Terrier and West Highland White 

Terrier) supporting the idea that the insertion on CFA12 is responsible for the increased 

IVDD risk (Batcher et al. 2019; Brown et al. 2017; Dickinson & Bannasch 2020).  It has also 

been shown that one or two copies of the retrogene at CFA12 is associated with presence of 

radiographically detectable disc calcification (Batcher et al. 2019), a known risk factor for 

future intervertebral disc extrusions (Jensen et al. 2008; Lappalainen et al. 2014; Stigen 

1996), whereas carrying the insertion at CFA18 was not (Batcher et al. 2019). 

 

Despite the evidence showing FGF4 retrogene insertions play a role in IVDD risk, they do 

not explain the full variation seen clinically.  For example, different breeds who are suggested 

to be fixed homozygous affected at CFA12 (dachshund, French bulldogs and cocker 

spaniel)(Batcher et al. 2019; Dickinson & Bannasch 2020) are anecdotally reported to present 

at different ages and have different predilection sites.  Age of presentation, of course, does 

not equate to age of onset of disc degeneration but it suggests other factors are involved.  The 

differing predilection sites could also be due to biomechanics with clear differences in limb 

and back length.  There are also differences within breeds reported.  For example, the 

standard wire-haired dachshund has been shown to have the lowest prevalence of disc 

extrusions of all dachshund varieties (Packer et al. 2016).  This may be because some of this 
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variety are heterozygous for the allele, but there remains a disparity between long and short 

haired dachshunds.   One other gene of interest may be the SLC13A1 gene which has been 

implicated in both a skeletal dysplasia in miniature poodles (Neff et al. 2012) and in human 

intervertebral disc related back pain (Bjornsdottir et al. 2022) but this has not been 

investigated for an association with canine IVDD, although some unpublished data from 

affected dachshunds has found no overexpression. 

 

1.4.2 Radiographically Detectable Intervertebral Disc Calcification 

Intervertebral disc calcification identified on radiographs between the ages of 24-48 months 

has been linked to future disc extrusion in dachshunds (Jensen et al. 2008; Lappalainen et al. 

2014; Stigen 1996).  In fact, dogs whose radiographs show five or more calcifications are 

estimated to be 18 times more likely to suffer from a disc extrusion in their lifetime 

(Lappalainen et al. 2014).  Disc calcifications have also been shown to be highly heritable 

and so form the basis of several breeding schemes across Europe (Lappalainen et al. 2015; 

Mogensen et al. 2012, 2011; Stigen & Christensen 1993).  Despite this there is no evidence 

that the breeding schemes are reducing the incidence of extrusions in these populations, 

possibly due to the lack of sensitivity of radiographs when compared to histopathology 

(Stigen et al. 2019; Stigen & Kolbjørnsen 2007) or the scorer subjectivity (Rosenblatt et al. 

2018, 2015).  Although radiography remains the only tool available for reducing the 

incidence of intervertebral disc extrusions it has been suggested that computed tomography 

(CT) may be superior as it removes anatomical superimposition (Virapongse et al. 1986) and 

has been shown to have a sensitivity of 100% when compared to histopathology (Stigen et al. 

2019). This may be supported by the finding that significantly greater numbers of 

calcification are visible on CT even by comparatively inexperienced reviewers, but it is not 

clear if CT scores correspond with risk of extrusion and another study found CT scores were 

no more repeatable than radiography (Rosenblatt et al. 2018).   

 

1.4.3 Other risk factors 

Several other risk factors have been investigated for their impact on risk of intervertebral disc 

herniation, but results vary considerably.  One such factor is body proportions which has been 

subject to conflicting results.  One study found that taller dogs with shorter body lengths were 

more likely to suffer a herniation (Levine et al. 2006) but others found longer and lower dogs 

were at greater risk (Packer et al. 2013) or no difference with conformation (Jensen & Ersbøll 
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2000).  A more recent study also found a relative lengths of the thoracic and lumbar spine to 

be linked with intervertebral disc extrusion in dachshunds, although these measurements have 

not been validated (Fletcher et al. 2023).  Neuter status and early neutering have also been 

tentatively linked with risk, however the effect size reported is very small and reasons for 

neutering and timing of neutering were not clear (Dorn & Seath 2018; Packer et al. 2016).  

Exercise has also been linked to decreased risk of calcification and extrusion (Jensen & 

Ersbøll 2000; Packer et al. 2016) but these were retrospective, owner reported, and changes 

in exercise may have been made after herniation so results should be interpreted with caution. 

 

1.5 Mechanisms of Spontaneous Recovery 

1.5.1 Restoration of Homeostasis 

Spontaneous recovery from spinal cord injury relies on the resolution of spinal cord swelling, 

reestablishment of the normal ionic homeostasis and blood-spinal cord barrier permeability, 

reversal of recoverable lesion, and structural rewiring of remaining circuits (plasticity) 

(Bareyre et al. 2004; Jeffery & Blakemore 1999; Kakulas & Kaelan 2015; Little et al. 1999). 

Some of these recovery mechanisms begin relatively quickly but others, such as 

neuroplasticity may take weeks or months.  One of the earliest mechanisms which aid 

recovery is the phagocytic response.  As discussed previously the immune response has the 

potential to be deleterious and contribute to the secondary injury, but phagocytosis of cell and 

myelin debris may promote axon growth and remove growth inhibitors (Donnelly & 

Popovich 2008; Rowland et al. 2008).  Another contributor to early improvement of signs is 

the recovery of ionic homeostasis.  Normal concentrations of sodium and potassium can be 

restored by removal in blood or CSF, or by diffusion to adjacent areas (Jeffery & Blakemore 

1999; Young & Koreh 1986).  Astrocytes also play a key role by restoring the integrity of the 

blood-spinal cord barrier.  Not only does this help facilitate restoration of normal ionic 

concentrations but also aids in the resolution of oedema and preventing further influx of 

immune cells (Herrmann et al. 2008; Rowland et al. 2008).   

 

As discussed earlier, myelin is susceptible to damage following spinal cord injury.  This may 

be paranodal or segmental defects with myelin sheaths that were otherwise intact or 

demyelination (Smith & Jeffery 2006) which renders axons more susceptible to the secondary 

effects of the injury. Remyelination has been shown to be visible from as early after injury as 

seven days and can involve myelin from oligodendrocytes or Schwann cells (Griffiths & 
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McCulloch 1983; Smith & Jeffery 2006).  It has also been demonstrated to occur despite 

persistent compression which may be of particular relevance for dogs with persistent 

compressions following intervertebral disc extrusions, but despite this some axons may 

remain permanently demyelinated (Blight 1983; Smith & Jeffery 2006).  Paranodal and 

segmental myelin defect may also be repaired and the combination of this and remyelination 

may help to restore some functional capabilities of axons such as conduction velocities 

(Smith & Jeffery 2006).   

 

1.5.2 Neuroplasticity 

Normal locomotion relies on complex interaction between the brain, spinal cord, and 

peripheral nerves and therefore recovery of function following spinal cord injury relies on the 

successful reestablishment of these connections.  There are many mechanisms by which this 

can occur including axonal sprouting, activation of previously ‘silent’ synapses, changes in 

synaptic weight, and reafferentation of neurons which lost their normal afferent connections 

(Brown & Martinez 2019; Onifer et al. 2011; Serradj et al. 2017; Zavvarian et al. 2020).  

Unfortunately, axonal sprouting can only occur over a short distance, in part due to the 

unfavourable conditions for axonal growth but also due to the fundamental lack of capacity 

for axonal regrowth in adult mammals (Jeffery & Blakemore 1999; Steward 1989).  There is 

also no guarantee that they will re-establish the correct connections although elsewhere in the 

CNS it has been shown that preference is given to this type of connection (Field et al. 1980).  

Axonal sprouting may, however, facilitate reafferentation of neurons which have survived the 

loss of their normal afferent inputs.  This reconnection can be from intact descending 

pathways or from local dorsal routes.  Reafferentation can also be due to increased weighting 

of previously present synapses in conjunction with axonal sprouting (Jeffery & Blakemore 

1999). Despite being a potential route for return of function, axonal sprouting may also be 

deleterious and cause aberrant pain (Hofstetter et al. 2005; Mccouch et al. 1958).  

Fortunately, in most less severe injuries, some smaller diameter neurons remain intact, and 

these may include so called silent synapses (Devor & Wall 1981; Wall 1977).  These are 

collateral supplies which may allow for reorganisation without the need for any anatomical 

changes (Jeffery & Blakemore 1999).  Long term recovery therefore relies upon a 

combination of these mechanisms of plasticity in order to regain adequate function. 
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1.5.3 The Possible Role of Spontaneous Decompression 

Spinal cord compression can cause damage to spinal cord blood supply, axonal loss, and 

demyelination (Fish & Blakemore 1983; Shi & Blight 1996).  It has also been shown in rats 

that compression caused by implantation of a polymer into the cervical spine can induce 

apoptosis, cause accumulation of amyloid precursor protein possibly due to impaired 

axoplasmic flow and cause increased microglial activation.  Removal of this compression 

resulted in a reduction in markers of apoptosis, a reversal of amyloid precursor protein 

accumulation, greater axonal sprouting and synapse formation and a reduction in markers of 

microglial activation, although many did not return back to a normal level (Dhillon et al. 

2016).  In humans and dogs, regression of spinal cord compression secondary to 

intervertebral disc extrusions has been demonstrated (Guinto et al. 1984; Khan et al. 2022; 

Ryu & Kim 2010; Saal et al. 1990; Steffen et al. 2014).  Although this is not necessarily 

accompanied by a recovery of signs in humans (Komori et al. 1996), all canine reports have 

also reported a resolution of clinical signs suggesting that spontaneous resolution of 

compression may play a role in recovery in medically managed dogs, although it is not clear 

if the decompression occurred over a similar time frame to the resolution of clinical signs.   

 

Spontaneous regression has been described more extensively in humans and therefore more is 

known about which extrusions are most likely to exhibit regression.  For example, 

sequestered discs, defined as extrusions where the herniated material crosses the posterior 

(equivalent of dorsal in dogs) longitudinal ligament and loses continuity with the 

intervertebral disc of origin, are considered most likely to regress and do so at the fastest rate 

(Autio et al. 2006; Chiu et al. 2015).  This is particularly interesting for canine extrusions as a 

majority would fit this definition and so regression may, in fact, be a common phenomenon.  

It has also been reported that those which are displaced may be more likely to regress (Ahn et 

al. 2000; Autio et al. 2006; Komori et al. 1998), another finding not infrequently associated 

with canine disc extrusions.  Large extrusions have also been suggested to regress more 

readily but this finding has not been consistent amongst all studies (Ahn et al. 2000; Bozzao 

et al. 1992; Ellenberg et al. 1993; Maigne et al. 1992; Masui et al. 2005; Matsubara et al. 

1995).  Magnetic resonance imaging findings may also be predictors of regression with 

higher T2 signal intensity and greater contrast enhancement being suggested as useful 

indicators (Autio et al. 2006; Komori et al. 1998).   
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Three main mechanisms have been proposed for regression in humans, with all three 

potentially playing a role.  The first is retraction back through the ruptured annulus (Bozzao 

et al. 1992; Lindblom & Hultqvist 1950; Teplick & Haskin 1985), although this is unlikely to 

play a significant role in sequestered discs or a majority of canine extrusions.  The second is 

dehydration and desiccation (Slavin et al. 2001), which would be supported by the highly 

variable levels of hydration evident on MRI.  The last proposed mechanism is 

neovascularisation and phagocytosis (Arai et al. 2000; Haro et al. 2002; Ikeda et al. 1996; 

Yasuma et al. 1993) which is supported by the finding that contrast enhancement on MRI is 

associated with the degree of neovascularisation found on histopathological examination as 

well as being a predictor of regression (Haro et al. 1996; Komori et al. 1998).  Canine disc 

extrusions are also commonly associated with variable volumes of haemorrhage which is also 

likely to dissipate rapidly.   

 

Unfortunately, it is not currently known how commonly or how quickly compressive material 

regresses in dogs managed medically for intervertebral disc extrusions, but it is possible that 

they will do so frequently, since they often resemble human sequestered discs, are commonly 

displaced from the disc of origin, and are frequently associated with haemorrhage.  In 

humans, regression has not been consistently associated with recovery (Komori et al. 1996), 

but all canine reports have reported a recovery of signs and in rats there is evidence that 

compression can inhibit recovery and removal of the compression can result in an 

improvement in axonal sprouting and microglial activation and so may aid in clinical 

recovery (Dhillon et al. 2016). It may, therefore, be interesting to investigate the fate of 

compressive material in a cohort of dogs managed medically and were it to be related to 

clinical recovery, those whose extrusions are most likely to regress may not require surgical 

decompression. 

 

1.6 Diagnostic Imaging  

Traditionally intervertebral disc extrusions were diagnosed using radiography of the vertebral 

column (Hoerlein 1953; Lee 1973), often with the aid of injectable contrast media 

(myelography) (Bullock & Zook 1967; Morgan et al. 1972).  However, the advent of 3D 

imaging techniques such as computed tomography (CT) and magnetic resonance imaging 

(MRI) which allow visualisation of anatomical structures without superimposition have led to 

radiography largely being superseded.  Whilst both are now prevalent and widely used, MRI 
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is considered to be the gold standard diagnostic imaging technique for diagnosis of disc 

extrusions.  This is because it produces high resolution images of the spinal cord, 

cerebrospinal fluid, extradural fat, extradural extruded disc material and other surrounding 

soft tissues and manipulation of the various image characteristics can be used to identify the 

anatomical structures of interest more readily (da Costa et al. 2020; Tidwell et al. 1999).  

Unlike MRI the soft tissue structures of interest are a uniform soft tissue opacity on standard 

CT, making differentiation impossible without the addition of contrast media (CT 

myelography) (Gellad et al. 1983; Lancourt et al. 1979).  Even when CT myelography is 

undertaken this only serves to highlight the extradural space and cannot differentiate other 

soft tissue structures.  Fortunately, Hansen type 1 intervertebral disc extrusions are preceded 

by degeneration, as discussed previously, and this invariably involves calcification.  This 

calcification is visible on CT (Olby et al. 2000), allowing CT to correctly identify the site of 

extrusion successfully in many cases (Hecht et al. 2009).  MRI has, however, been shown to 

be superior to CT for diagnosis of disc extrusions in two studies.  One study showed MRI to 

have a sensitivity of 98.5% compared to only 88.6% for CT (Cooper et al. 2014). Another 

showed that CT missed 10% of lesions identified on MRI (Noyes et al. 2017).  The length of 

hemilaminectomy planned on the basis of MRI and CT has also been found to differ, with 

MRI indicating disc material extended over a larger craniocaudal area (Noyes et al. 2017).  

Due to the superior soft tissue differentiation MRI has also been suggested to be superior in 

distinguishing types of disc herniation (Cooper et al. 2014), although this can still be 

challenging especially on low field MRI, and this superior soft tissue definition may also 

make it possible to quantify some imaging characteristics for prognostication such as spinal 

cord compression or hyperintensity, as discussed later. 

 

1.6.1 Principles of MRI 

MRI relies on the manipulation of the spin and precession of hydrogen protons using an 

external magnetic field and radiofrequency pulses.  In theory any element with an odd 

number of protons is capable of being manipulated in such a way but hydrogen is the most 

common element of this type in the body and has the strongest magnetic dipole so is an ideal 

candidate for manipulation with MR (Hecht 2016).  Most CNS pathology also results in an 

alteration in the distribution of hydrogen protons making it even more useful.  Two of the 

most common sequences are T1 and T2 weighted (T1W; T2W) which rely on manipulation 

of spin and precession respectively.  When placed in a magnetic field the spin of a hydrogen 
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proton will align itself with the magnetic field.  This alignment can be disturbed using a 

radiofrequency wave and hydrogen ions in different tissues, such as fat, soft tissue and fluid 

will realign themselves with the magnetic field at different rates.  This process is called T1 

relaxation.  By timing the capture of the signal, the differences in this relaxation can be 

maximised thus giving a T1 weighted image in which fat is hyperintense, fluid is 

hypointense, and soft tissue is in between.  Similarly, precession can be manipulated in T2W 

imaging.  In these sequences the precession is initially aligned but alignment is lost at 

different rates in different tissues.  Since the T2 relaxation time of fluid is slow it is 

hyperintense, soft tissue has an intermediate relaxation time and fat has a rapid relaxation 

time and so would be expected to be hypointense but since conventional T2 images use an 

additional radiofrequency pulse fat is usually hyperintense.  Since CNS pathology often leads 

to an accumulation of fluid (oedema or inflammation) T2W scans are considered useful for 

identifying pathology.  Additional sequences can also be created by manipulating the 

characteristics of protons such as HASTE (Half-Fourier acquisition single shot turbo spin 

echo) which is a heavily T2 weighted image sequence or FLAIR (Fluid Attenuated Inversion 

Recovery) and STIR (Short Tau Inversion Recovery) which both rely on T1 relaxation 

(Hecht 2016; Hendrick 1994; Jacobs et al. 2007; Mai 2018; McRobbie et al. 2003; Pooley 

2005). 

 

For diagnosis of intervertebral disc extrusions, these sequence types can be acquired in either 

sagittal, transverse or dorsal planes and it is common that T2W and T1W images will be 

acquired in the sagittal and transverse planes as a minimum (da Costa et al. 2020).  

Generally, T2W sagittal images are used for identification of a region of interest, often on the 

basis of visible spinal cord compression, which is then interrogated further using transverse 

sequences although it is possible to miss compressive lesions when relying on sagittal images 

alone (Guillem Gallach et al. 2011).  Sagittal sequences which highlight the dorsal and 

ventral CSF columns such as HASTE sequences can also be used to identify regions of 

interest by visualising CSF attenuation although two studies found they were less useful than 

conventional T2W images (Guillem Gallach et al. 2011; Housley et al. 2017). Sagittal images 

also lack a consistent landmark in the thoracolumbar spine so either dorsal or parasagittal 

images are required to ensure accurate identification of the affected disc space (Dennis 2005; 

Yeamans et al. 2016).  Once the region of interest has been identified transverse images are 

used to determine lateralisation and extent of the extruded material.    
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1.7 Treatment Options 

Despite having been aware of this type of myelopathy since the 1890s (Olsson 1951), there is 

presently no universal consensus regarding the appropriate treatment for affected dogs, 

especially those who are unable to walk, although a recent consensus statement suggested 

that surgical intervention may be superior (Olby et al. 2022).  Currently there is no treatment 

which directly targets the contusive injury and so current treatment options can be 

categorised as either those which alleviate spinal cord compression or those which rely on the 

body’s own mechanisms of repair to resolve spinal cord swelling and to both repair lesions 

and reorganise the remaining circuits (neuroplasticity). Treatment which relies on the 

mechanisms of neuroplasticity is termed conservative or medical management because it, 

normally, involves no surgical intervention.  Although there is no consensus as to what 

conservative management entails it usually consists of multimodal analgesia, strict crate rest, 

bladder management via manual expression, intermittent catheterisation or an indwelling 

urinary catheter, and general nursing care.  However, since there is no consensus, the 

recommended treatments can vary extensively.  For example, crate rest is recommended by a 

majority, but not all neurologists (Moore et al. 2016), despite the lack of research into its 

effect on outcomes.  The length of rest prescribed also varies from 0 weeks to as many as 8 

weeks (Moore et al. 2016).  It is presumed that it reduces the risk of further extrusion, allows 

time for healing of the ruptured annulus, reduces pain associated with the meninges and nerve 

roots, and prevents ataxic animals from injuring themselves further (Coates 2000; Dewey, 

C.W.; Da Costa 2016; Sharp, N.J.H. ; Wheeler 2005).  Although this seems logical, activity 

restriction has been demonstrated to not be beneficial in human lumbar disc herniations 

(Deyo et al. 1986; Vroomen et al. 1999), and the only study to investigate length of rest in 

dogs found no association with outcome (Levine et al. 2007), making it unclear if such 

restriction is truly beneficial.  Similarly physiotherapy is regularly recommended and often 

initiated soon after initial presentation (Moore et al. 2016) despite the lack of evidence it aids 

recovery.  Proving its efficacy would, however, be difficult since a large proportion of dogs 

are likely to recover without physiotherapy and times to recovery vary so widely meaning a 

large sample size would likely be required.  This may explain why two prospective studies 

failed to find an association with physiotherapy and outcome or time to recovery (Bennaim et 

al. 2017; Zidan et al. 2018), however another study did note a positive effect (Jeong et al. 

2019).  Interestingly the physiotherapy interventions undertaken in humans with spinal cord 

injury are far more intense that those routinely undertaken in dogs which may explain why 
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there is some weak evidence that they improve outcomes.  This evidence is however weak 

and potentially subject to bias as noted in a recent meta-analysis (Harvey et al. 2021).  

Occasionally additional interventions such as electroacupuncture are also recommended 

(Moore et al. 2016).  Although its mechanism of action is unknown, an experimental model 

showed a benefit which was synergistic with use of glucocorticoids (Yang et al. 2003) and 

some studies in dogs have also shown a benefit on proportion of recovery (Han et al. 2010; 

Hayashi et al. 2006; Joaquim et al. 2010) and time to recovery albeit not in deep pain 

negative dogs (Han et al. 2010).  These studies are however limited by small sample sizes 

and a lack of blinding or randomisation so should be interpreted with caution.   

 

Unlike conservative management which relies on mechanisms of neuroplasticity, surgical 

management aims to remove the compressive insult to the spinal cord, a process termed 

decompression. It is important to note that this does not alleviate the contusive injury, but a 

contused spinal cord may be less able to withstand compression (Dimar et al. 1999) and so 

may still aid in repair of this injury.  It is also true that surgically creating a window into the 

vertebral canal will alter the fluid and pressure dynamics within the canal, the effect of which 

is unknown (Cheriyan et al. 2014; Ridlen et al. 2022; Xu et al. 2008).  In order to facilitate 

spinal cord decompression, the spinal canal can be entered using a variety of techniques 

including hemilaminectomy, mini-hemilaminectomy, dorsal laminectomy or corpectomy 

(Flegel et al. 2011; Funkquist 1970; Gage & Hoerlein 1968; Salger et al. 2014) (Figure 3).  

Each of these procedures varies in the angle of access to the vertebral canal and therefore 

provides visualisation and access to disc material lying in varying parts of the vertebral canal.  

Choice of approach can therefore be altered dependent on the location of the extruded 

material visualised on 3D imaging with the aim of providing adequate visualisation and 

access to the compressive material whilst requiring minimal manipulation of the spinal cord 

and not causing vertebral instability.  Since most extrusions are found to be ventrolateral, the 

most common approach used is a hemilaminectomy (Moore et al. 2016). Hemilaminectomy 

has also been shown to facilitate removal of greater disc material than dorsal laminectomy 

(Muir et al. 1995) and dorsal laminectomy has been suggested to result in more frequent 

recurrence (Funkquist 1970) which may explain why it is undertaken infrequently (Moore et 

al. 2016). Multiple intervertebral disc fenestration, a procedure that involves incision of the 

annulus fibrosus and removal of some of the contained nucleus pulposus, is another available 

surgical option (Butterworth & Denny 1991; Denny 1978; Flo & Brinker 1975), but this has 

largely fallen out of favour, although is still used as a prophylactic measure to reduce the risk 
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of future herniations.  Despite being a surgical procedure, fenestration does not facilitate 

removal of the extruded disc material within the vertebral canal.  It was initially thought that 

removal of the residual nucleus contained within the annulus would reduce the dynamic 

component of the compression (Olsson 1951) but this is unproven and it is unclear how much 

nucleus would have to be removed to have a sufficient effect.  In theory a simple incision 

may be adequate especially since in experimental animals this facilitates extrusion of large 

volumes of nucleus into the surrounding tissues (Smith & Walmsley 1951) but usually 

fenestration in dogs involves some attempt to remove the residual nucleus manually using a 

curette or similar instrument (Jeffery & Freeman 2018; Wagner et al. 1987).  Other 

adjunctive treatments do exist including durotomy (incision of the dura mater) and cell 

transplants but are not commonplace (Lewis et al. 2020) and so, currently, the clinical 

problem which must be overcome is whether to undertake decompressive surgery or not.  

 

 
FIGURE 3 A TRANSVERSE COMPUTED TOMOGRAPHY IMAGE OF AN L1 VERTEBRA SHOWING THE COMPARATIVE ANGLES OF ACCESS TO 

THE VERTEBRAL CANAL OF A HEMILAMINECTOMY (RED), MIN-HEMILAMINECTOMY (GREEN) AND A CORPECTOMY (BLUE) 

 

Unfortunately, to date, these treatment options have never been directly compared in a 

randomised controlled trial leaving no robust criteria to base this decision upon.  Despite this 

there is a belief that for dogs who are unable to walk, surgical decompression will result in 

superior outcomes compared to conservative management and in some cases that it may even 

be necessary for recovery (Moore et al. 2020; Olby et al. 2022).  It is, however, known that 

some dogs can recover without surgical treatment (Hayashi et al. 2007; Levine et al. 2007; 

Mann et al. 2007) and so this clinical equipoise is potentially problematic when financial 
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restrictions or geographic availability limit availability to 3D imaging and surgery which 

could lead to dogs being euthanised when they could have recovered medically. 

 

The available evidence to guide clinical decision making in thoracolumbar disc extrusions is 

very limited with most studies being either retrospective or small prospective series, and 

whilst there are two recent systematic reviews (Freeman & Jeffery 2017; Langerhuus & 

Miles 2017), these are inevitably restricted by the available published data.  It is also difficult 

to draw comparisons between studies into surgical and conservative management given the 

different inclusion and exclusion criteria, outcome measures, time frames over which cases 

were followed, and significant risk for selection bias.  Some also utilised unproven treatments 

such as vitamin B1 (Olsson 1951) or acupuncture (Hayashi et al. 2007; Joaquim et al. 2010) 

which further confuse the picture since their effect is unknown. This is further confounded by 

the lack of direct evidence that outcomes following surgery are actually a response to 

decompression and not a result of spinal cord plasticity. 

 

1.7.1 Evidence in Favour of Surgical Decompression   

Multiplanar imaging has allowed accurate visualisation of compression caused by extruded 

disc material and it can quite often appear quite severe making it very difficult to leave in 

situ, especially since this is the only component of the injury we can directly target. Some 

studies have also suggested that a contused spinal cord is less able to withstand compression, 

although this may only be true of compression greater than 50% (Dimar et al. 1999).  

Furthermore, mild compression can block conduction and disrupt myelin and potassium 

channels, and long-term may disrupt the blood supply to the cord and directly damage grey 

and white matter (Al-Mefty et al. 1995; Ouyang et al. 2010; Wright & Palmer 1969).  There 

are also cases described where residual compressive material has remained after surgery and 

adversely affected recovery suggesting that even relatively mild compressions can be 

clinically significant (Forterre et al. 2010; Hettlich et al. 2012). 

Another factor in favour of decompressive surgery is the high proportion of dogs who 

recover. The precise rates reported vary but for deep pain positive dogs, range from 63-100%, 

with a majority being close to 90% (Freeman & Jeffery 2017; Langerhuus & Miles 2017).  

Even in deep pain negative dogs the recovery rate is still approximately 50-60% (Freeman & 

Jeffery 2017; Langerhuus & Miles 2017). Individual studies are difficult to interpret since 

most have relatively small case numbers, different inclusion and exclusion criteria and no 
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confidence intervals are reported, but high rates of recovery have been repeated across a large 

number of studies, a variety of populations and diaspora of institutions giving greater 

confidence that this is reflective of the true value. Furthermore, a systematic review 

suggested that for dogs unable to walk, recovery rates were higher following decompressive 

surgery, including for those who were deep pain negative on presentation (Langerhuus & 

Miles 2017).  The same review also reported a more rapid recovery in dogs who underwent 

surgical treatment, something which may be supported by the dogs within some studies who 

showed a remarkably rapid improvement (Bush et al. 2007; Scott 1997; Srugo et al. 2011).  It 

has also been suggested that early decompressive surgery may prevent a proportion of dogs 

progressing to deep pain negative status and therefore improve their prognosis (Martin et al. 

2020), which would support the importance of decompression, but it remains controversial. It 

is also often repeated that recurrence may be more common in dogs who are treated 

conservatively (Levine & Caywood 1984), although this has never been verified by any 

formal studies (Freeman & Jeffery 2022) and there appears to be no logical reason why, in 

the absence of fenestration, this should be the case. 

 

1.7.2 Evidence !"!#$%& Surgical Decompression 

Although compression can be visualised and quantified on multiplanar imaging such as MRI, 

the severity of compression has not consistently been correlated with clinical signs or 

outcome following surgery (Besalti et al. 2005; Levine et al. 2009; Penning et al. 2006), 

although a recent study suggested volume of the extruded material may be correlated with 

severity (Sakaguchi et al. 2023). Quite severe compressions have also been reported in dogs 

with back pain alone (Sukhiani et al. 1996) and lab studies have also shown that 

compressions of less than 50% in rats did not affect recovery time (Dimar et al. 1999) 

suggesting that compression alone is only partially responsible for clinical signs.  

Additionally, CSF attenuation, visualised on heavily T2W MRI sequences, has been 

tentatively correlated with deep pain perception (Khan & Freeman 2022) and is thought to be 

a risk factor for developing myelomalacia (Balducci et al. 2017; Gilmour et al. 2017), 

suggesting the contusive injury is at least as important as compression even if only in deep 

pain negative dogs and may justify other surgical techniques such as durotomy as opposed to 

decompression alone. Several studies have also demonstrated that some compressive material 

can remain after surgery without preventing recovery (Huska et al. 2014; Roach et al. 2012). 

In humans and dogs, substantial extrusions have been shown to regress on their own 
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suggesting that decompression does not necessarily have to be surgical to occur (Guinto et al. 

1984; Khan et al. 2022; Ryu & Kim 2010; Saal et al. 1990; Steffen et al. 2014).  In humans, 

regression is most common in so called “sequestered” extrusions (Autio et al. 2006; Chiu et 

al. 2015) which most closely resemble canine extrusions, so it is very plausible that this 

phenomenon is common in dogs.  Interestingly the two reports of lumbar disc extrusions 

regressing in dogs also reported a recovery of clinical signs, but it was unclear if the recovery 

was due to the spontaneous decompression (Khan et al. 2022; Steffen et al. 2014).   

 

Another line of evidence against the need for surgical decompression is that large numbers of 

dogs have also been reported to recover after undergoing conservative management (Hayashi 

et al. 2007; Levine et al. 2007; Mann et al. 2007; Sedlacek et al. 2022).  These numbers are, 

however, difficult to interpret since most studies included a lower proportion of non-

ambulatory dogs and many were diverted to surgical management after four weeks if they 

had failed to recover ambulation (Levine et al. 2007). We also know little about why these 

dogs were assigned to conservative management since most studies were retrospective.  It is 

most likely that this was due to financial limitations or because they were less severely 

affected, hence the higher proportion of ambulatory dogs.  Regardless of why, this has likely 

led to a significant selection bias and so all that can be concluded is that many dogs can 

recover without decompression.  This is further supported by the excellent outcomes 

following fenestration with recovery rates ranging from 85-100% in deep pain positive dogs, 

adding weight to the concept that dogs can recover without spinal cord decompression since 

fenestration does not involve decompression of the spinal cord, although there is an unproven 

hypothesis that it affects the dynamic nature of the compression (Butterworth & Denny 1991; 

Davies & Sharp 1983; Freeman & Jeffery 2017; Olsson 1951).   
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Visible, removal compression No correla2on between compression and 
clinical severity or prognosis 

A contused spinal cord may be less able to 
withstand compression of >50% 

Post-opera2vely compression can remain 
without preven2ng recovery 

Mild compression can cause gray and white 
maCer damage Extrusions can spontaneously regress 

Residual post-opera2ve compression can 
affect adversely recovery 

In humans regression is not correlated with 
recovery 

High rate of recovery with many recovering 
very rapidly 

High recovery rates with conserva2ve 
management and fenestra2on 

TABLE 2 SUMMARY OF EVIDENCE FOR AND AGAINST SURGICAL DECOMPRESSION 
 

1.7.3 Alternative and Adjunctive Treatments 

Although the current clinical conundrum amounts to surgery versus conservative 

management, some other alternative and adjunctive therapies have been investigated.  One 

such therapy is durotomy; the surgical incision of the dura mater.  This was initially described 

as a treatment for experimental spinal cord injury (Allen 1911) and there have been 

occasional reports in the literature of dogs with thoracolumbar disc extrusions undergoing 

durotomy (Loughin et al. 2005; Parker & Smith 1974).  This has, however, gained more 

focus recently due to the increasing evidence that spinal cord swelling and restriction by the 

dura plays a vital role in spinal cord injury (Castel et al. 2019; Gilmour et al. 2017; Ito et al. 

2005; Khan & Freeman 2022) as well as recent reports suggesting durotomy is beneficial in 

dog with absent deep pain perception (Jeffery et al. 2020a; Takahashi et al. 2020).  There is 

also a recent report suggesting that extensive durotomies may be capable of halting 

progressive myelomalacia although these dogs did not recover ambulation (Hirano et al. 

2020).  Despite this there remains a lack of evidence to definitively conclude that durotomy is 

beneficial and questions regarding any critical time period and patient selection remain.  To 

this end there are currently randomised controlled trials being undertaken in humans and dogs 

which aim to answer some of these questions (Saadoun & Jeffery 2021). 

 

Another possible alternative therapy is intervertebral disc fenestration, a procedure whereby a 

window is made surgically in the annulus fibrosus to facilitate removal of some residual 

nucleus pulposus.  This was originally suggested as a stand-alone therapy (Olsson 1951) but 
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has been superseded in the last few decades by decompression (Freeman & Jeffery 2017; 

Moore et al. 2016) perhaps due to the increasing availability of 3D imaging and visualisation 

of spinal cord deformation.  It is now almost exclusively used as a prophylactic treatment 

aimed at reducing the risk of further extrusion of nucleus pulposus at the affected site and 

future extrusion at adjacent sites, a practice which is supported by several reports 

demonstrating a reduction in recurrence rates (Brisson et al. 2011; Forterre et al. 2008; 

Jeffery & Freeman 2018).  Although fenestration is no longer widely used as a sole therapy 

there is historical evidence and more a recent systematic review (Butterworth & Denny 1991; 

Davies & Sharp 1983; Denny 1978; Freeman & Jeffery 2017; Funkquist 1978) suggesting 

similar outcomes as would be expected with decompression.  It is, however, unclear how 

fenestration aids recovery.  It was originally thought that reducing the intradiscal pressure 

would reduce the dynamic compression, but this seems unlikely given that most canine 

extrusions would be considered to be “sequestered” and no longer in contact with the residual 

nucleus pulposus.  It is therefore possible that the benefit of fenestration is isolated to 

prophylaxis. 

 

Other emerging adjunctive therapies include electroacupuncture, medications such as 

dimethyl sulfoxide (DMSO) and hyperbaric oxygen therapy but none are supported by a 

substantial body of evidence.  For example, electroacupuncture was shown to be beneficial in 

one retrospective and two prospective studies but these had small sample sizes and were not 

randomised (Han et al. 2010; Hayashi et al. 2007; Joaquim et al. 2010).  Similarly, DMSO 

was shown to be beneficial in one clinical trial (Levine et al. 2014) but this was based on 

only 9 dogs with a severe spinal cord injury and another study found no benefit compared to 

dexamethasone (Hoerlein et al. 1983).  Unlike DMSO and electroacupuncture, hyperbaric 

oxygen therapy has never been formally investigated in dogs with intervertebral disc 

extrusions but is currently recommended by some veterinarians (Moore et al. 2016). 

 

1.8 Prognostic Markers 

Accurate estimation of prognosis for clinical recovery is important for clinical decision 

making and client communication, especially given the possibility for permanent disability.  

Not only does it aid in directing individuals to suitable treatments but can also help identify 

areas of research which are likely to have the most impact.  Several factors have been 

investigated for prognosis in canine thoracolumbar disc extrusion including clinical and 
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neurological examination findings, and MRI features, but most studies were retrospective, 

utilised different treatment protocols and followed patients for variable time periods, so most 

remain controversial. 

 

1.8.1 Clinical Severity and Deep Pain Perception 

Severity of clinical signs is easily assessed in practice and, for dogs with thoracolumbar disc 

extrusions, is generally classified using variations upon the Modified Frankel Scale.  This 

involves grading the loss of pelvic limb function with the most severe category being 

paraplegia with a concurrent loss of pelvic limb and tail deep pain perception (Frankel et al. 

1969; Scott 1997).  Deep pain is tested by using pliers or forceps to apply a noxious stimulus 

to the medial and lateral digits of the pelvic limbs as well as the base of the tail.  Unlike 

superficial or fast pain, deep pain not well localised and so does not require a directional 

response.  Therefore, any consistent behavioural response could be suggestive of intact pain 

perception.  These responses can include, but are not limited to, crying, whimpering, trying to 

bite, shifting weight, a change in breathing pattern and pupil dilation.  Occasionally pain 

perception is subcategorised into superficial and deep sensation, but this is controversial, and 

it is unlikely to be possible to reliably differentiate between deep and superficial pain with 

simply a firm pinch (Speciale 2003).  

 

Despite its obvious subjective nature, deep pain perception remains the only consistently 

identified prognostic factor in canine thoracolumbar disc extrusions.  In dogs undergoing 

surgical decompression approximately 90% of those with intact pain perception will recover 

compared to only 50-60% with absent pain perception with a similar difference seen in dogs 

managed medically (86% and 27%) or with multiple fenestrations (94% and 45%) (Freeman 

& Jeffery 2017).  The size of the disparity and the consistency between treatment regimens 

suggest testing for pain perception is a useful prognostic indicator, however, the exact figures 

reported for deep pain negative recovery vary widely and some demonstrated to have intact 

pain perception fail to recover.  This may be due to differences in testing methods and the 

small number of dogs included in most studies but may also reflect our inability to genuinely 

test deep pain.  Deep pain is experimentally tested by injecting saline into the periosteum and 

ligaments (Ganong 2019; Speciale 2003) and so applying an external force is unlikely to 

consistently reproduce the same stimulus.  Whilst this limitation cannot be overcome it does 

mean that deep pain must be used as a prognostic indicator cautiously, especially when a 
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poorer prognosis may lead to euthanasia.  Times to recovery also vary greatly within the deep 

pain negative cohort (Langerhuus & Miles 2017) suggesting that they are a more 

heterogenous population and adds to the concept that deep pain testing alone does not provide 

the full picture.   

 

1.8.2 Signalment 

Several patient factors have been investigated for an association with recovery and time to 

recovery however all are affected by the over representation of some breeds and the 

differences in location, age and severity of signs seen across many of the common breeds.  

For example, it is anecdotally reported that French bulldogs are affected at a younger age and 

suffer cervical and caudal lumbar disc extrusions more commonly than dachshunds.  In this 

example, were a difference in prognosis to be seen, how much would be attributable to breed 

and how much to the other factors.  This may explain why breed, sex, age, and body weight 

have not been consistently associated with outcome (Castel et al. 2019; Jeffery et al. 2016; 

Olby et al. 2003; Ruddle et al. 2006).  One exception is the higher reported rate of 

myelomalacia in French bulldogs with one study reporting an incidence of 33% (Aikawa et 

al. 2014).  This is much higher than most other studies which mostly included dachshunds 

although inclusion and exclusion criteria varied so the results must be interpreted with 

caution.  In this study French bulldogs were also found to have caudal lumbar extrusions 

more commonly which may explain the disparity since an L4-S3 localisation has also been 

correlated with progressive myelomalacia (Balducci et al. 2017; Castel et al. 2019).  

 

Results reported for studies which have investigated age have been contradictory.  Once 

study reported being less than 6 years was associated with more severe signs on presentation 

but not with short term or long-term outcome (Levine et al. 2009).  The effect size was also 

very small with the median MFS in both groups being 3 with the significant result likely due 

to the differences in variance across the groups.  Another study found that age was associated 

with outcome but not speed of recovery which directly contradicts the findings of another 

which found age not to be associated with outcome but was associated with increased time to 

recovery (Olby et al. 2003; Ruddle et al. 2006).  Other studies have also found no effect on 

outcome with increased age suggesting it is unlikely to have a large effect on prognosis 

(Castel et al. 2019; Davis & Brown 2002; Jeffery et al. 2016).   
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Weight has also been investigated for an association with prognosis, again with contradictory 

results.  Most studies found no association with time to recovery or outcome (Davis & Brown 

2002; Olby et al. 2003; Ruddle et al. 2006), however two studies found that body weight of 

over 15 and 20kg respectively were associated with worse prognosis (Bull et al. 2008; Shaw 

et al. 2017).  Another study also found that body weight was positively associated with time 

to recovery (Olby et al. 2003).  Again, these studies will have been affected by the difference 

in likely body weights for most breeds making it difficult to evaluate the true effect of weight 

but as with age it appears unlikely to have a large effect on outcome. 

 

1.8.3 Onset 

Several studies have investigated the speed of onset or time to loss of ambulation as a 

potential prognostic factor.  One of the first to do so were Scott and McKee (1999) who 

found that a peracute onset of signs, defined as loss of ambulation within one hour of onset of 

clinical signs, had a worse prognosis that those with acute or gradual onset.  Interestingly 

they also found that gradual onset had the most favourable prognosis and no dogs with 

gradual onset went on to develop myelomalacia, although the difference when compared to 

acute onset was not statistically significant.  This was suggested to be because the clinical 

signs in dogs with peracute onset were, to a greater extent, the result of the contusive injury 

whereas in those with a gradual onset of signs, the compressive injury was more significant.  

This would appear to be supported by the finding in one study that a slower of onset of signs 

was associated with more severe spinal cord compression (T. M. Boekhoff et al. 2012) but 

this was not repeated in another (Penning et al. 2006).  Subsequent studies have also failed to 

find a consistent correlation between onset of signs and prognosis (Ferreira et al. 2002; Ito et 

al. 2005; Jeffery et al. 2016; Laitinen & Puerto 2005; Olby et al. 2003; Penning et al. 2006) 

but it has tentatively been associated with progressive myelomalacia (Balducci et al. 2017).   

 

There are a number of possible reasons for the apparent disparity in findings between studies.  

One reason is that some studies examined exclusively deep pain negative dogs whilst others 

did not, meaning they examined very different populations with substantially different 

prognoses.  Secondly, definitions of peracute, acute and gradual also differed making direct 

comparison of studies challenging.  Lastly, the measurement relied upon owners accurately 

recalling the onset of signs and any subsequent deterioration.  Since it is common for dogs to 

be left for periods of time only to be found to be non-ambulatory this makes it impossible to 
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accurately categorise them, and it is this subjectivity that precludes onset of signs being used 

as an accurate prognostic indicator.   

 

1.8.4 Location 

It has been suggested that extrusions affecting the L4-S3 spinal cord segments are likely to 

have an inferior prognosis to those affecting the T3-L3 segments.  This would appear to be 

logical since this will affect the lower motor neurons in the lumbar intumescence.  However, 

this is not supported by the results of several studies which found no difference in prognosis 

(Castel et al. 2019; Dhupa et al. 1999a; Ruddle et al. 2006; Shaw et al. 2017) although one 

study did found a worse prognosis for recovery of continence (Shaw et al. 2017).  Another 

study also found that caudal lumbar discs were associated with less severe clinical signs, but 

the predilection sites vary substantially with breed, so it is difficult to conclude that this is 

genuinely due to location alone.  Conversely, caudal lumbar extrusions have been linked to 

progressive myelomalacia and so the prognostic value of an L4-S3 localisation may be 

limited to this (Balducci et al. 2017; Castel et al. 2019). 

 

1.8.5 MRI Features 

As discussed earlier, MR imaging produces high quality images of the spinal cord and its 

surrounding structures, including any intervertebral disc extrusions.  It has therefore been 

suggested that various features of intervertebral disc extrusions on MRI may be useful as 

prognostic markers, however there is currently no consensus on which morphometric 

measurements may be useful.  This may be because none of the suggested measurements 

have undergone any form of verification or validation process.  Measurement validation 

involves testing various parameters including accuracy (how close to the true value), 

precision (how close measurements are to each other), and robustness (how measurements 

are affected by changes in testing conditions), which help determine if the measurement is fit 

for its intended purpose, and usually results in a consensus around a “gold standard” or 

benchmark measurement.  This is not necessarily a perfect measurement but a measurement 

which meets these criteria the most closely and when new techniques are described they can 

be assessed against this benchmark.  This is especially difficult in canine IVDE since it is 

impossible to confirm that a measurement technique is accurate; surgical or post-mortem 

access to the spinal cord and extradural compressive material would alter the anatomy and 

therefore any confirmatory measurement would in itself be inaccurate.  Furthermore, surgical 
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impression is known to be an inaccurate estimation of compression (Naude et al. 2008; 

Tirrito et al. 2020).  This may explain why, to date, no morphometric MRI measurements 

have undergone any form of validation, but this means the inherent measurement error, how 

it changes with different levels of user experience and how it applies to new populations are 

unknown.  Therefore, significant caution should be exercised when interpreting the results of 

studies into morphometric MRI in dogs with thoracolumbar intervertebral disc extrusions.   

 

Given that compression is readily visible on MRI it would seem logical that this would lend 

itself to morphometric analysis well, and multiple studies have attempted to do so with 

several techniques being suggested.  Some studies have attempted to use T2 weighted sagittal 

images to measure either craniocaudal and dorsoventral dispersion of disc material or spinal 

cord diameter but neither have been correlated with clinical severity or outcome (Besalti et 

al. 2005; Levine et al. 2009).  This may be because extrusions are usually found to be 

lateralised, and median plane images may unintentionally be slightly parasagittal.  Where the 

spinal cord was measured, this was normalised using the diameter of the spinal cord one 

articulation cranial which does not account for the highly variable degree of spinal cord 

swelling which may also explain why a correlation was not found.  In theory transverse 

images should allow for more accurate estimation of compression by measuring cross 

sectional area although the gap between slices makes accurate volume estimation 

challenging.  Image quality is also variable, especially with low field MRI and it can be 

challenging to reliably determine the boundary between spinal cord and compressive 

material. It is, therefore, not surprising that these have also not been shown to correlate with 

clinical severity or outcome (Penning et al. 2006).  It is also true that significant 

compressions can be seen in dogs with comparatively minor signs (Sukhiani et al. 1996) 

suggesting that compression may truly not be correlated with severity. Interestingly a recent 

study utilising CT suggested that the volume of the extruded material may be more important 

(Sakaguchi et al. 2023) and so may warrant more investigation.   

 

Another measurement technique which has been investigated extensively is the length of T2-

weighted spinal cord hyperintensity.  Since it has been related to histopathological findings 

such as necrosis, intramedullary haemorrhage, and inflammation it has been suggested to be a 

marker of the severity of the spinal cord injury.  This would appear to be supported by the 

findings of some studies that length of T2W hyperintensity is correlated with functional 

outcome (T. M. Boekhoff et al. 2012; Ito et al. 2005; Levine et al. 2009), although the delay 
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to ambulation was not statistically significant in one study (T. M. Boekhoff et al. 2012). This 

is however controversial since more recent studies have failed to find the same association 

(Otamendi et al. 2017; Wang-Leandro et al. 2017), although these studies used 3.0T MRI 

making direct comparison challenging.  The use of high field MRI in these studies will 

inevitably have led to higher quality images and may have allowed identification of more 

subtle areas of hyperintensities leading to the difference in findings.  T2W hyperintensity has 

also tentatively been associated with development of progressive ascending-descending 

myelomalacia (Balducci et al. 2017; Okada et al. 2010) although this is based on relatively 

small numbers of dogs and very few had the diagnosis confirmed at post-mortem.  It is 

imperative that care is taken when interpreting the results of these studies since the 

measurement technique has not been validated and no clinically useful threshold has been 

determined; to date several different thresholds have been suggested without consensus.  

Furthermore, timing of MRI may also have an effect with one study finding T2W 

hyperintensity was more common when MRI was repeated on the same individuals post-

surgery (Tirrito et al. 2020) and one study suggested that hyperintensity may not be 

detectable less than 24 hours after the onset of signs.  Since progressive myelomalacia also 

includes haemorrhagic necrosis, it is also possible to see T2W hypointensity too (Okada et al. 

2010).  For these reasons, it remains controversial and further research is required to fully 

assess its clinical value. 

 

Another suggested technique is the use measurement of the attenuation of the dorsal and 

ventral CSF columns on highly T2 weighted MRI such as HASTE (Half-Fourier acquisition 

single-shot turbo spin echo) or SSTSE (single shot turbo spin echo), which are sometimes 

termed myelo-MRI due to their resemblance to myelograms.  Studies have shown that they 

are not useful for determining the site of extrusion (Guillem Gallach et al. 2011; Housley et 

al. 2017) but measuring the attenuation of the CSF columns may be a surrogate for spinal 

cord swelling and therefore be related to the severity of the contusive injury.  This may be 

supported by the suggestion that, when normalised for body size using the length of the L2 

vertebra, CSF attenuation is associated with the development of progressive ascending-

descending myelomalacia (Castel et al. 2019; Gilmour et al. 2017).  This is, however, based 

on small numbers and similarly to T2W hyperintensity, both studies suggested different 

thresholds.  Preliminary data from a subsection of this population also suggested that CSF 

attenuation may be associated with deep pain negative status (Khan & Freeman 2022) but 

again this was based on limited numbers and no MRIs were undertaken within 24 hours of 
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the initial signs.  Much like spinal cord hyperintensity there may be an element of time 

dependency, but no studies have investigated this, and it is also unclear how use of high field 

MRI would impact the findings. 

 

Overall, the use of morphometric MRI as a prognostic indicator is controversial and there 

remain no consensus as to which measurements should be used or thresholds at which 

decision making should be altered.  A majority of these measurements were also only 

investigated in dogs who had undergone surgery and so the relationship between these 

measurement and outcomes following conservative management is not clear. This also 

precludes the formation of criteria to determine which dogs require surgery and those who 

may be recovered medically and so does not aid in this aspect of clinical decision making. 

 

1.8.6 CSF Analysis 

Although CSF analysis may not aid in the diagnosis of intervertebral disc extrusions (Bohn et 

al. 2006), it may provide useful prognostic information.  Two studies have shown that dogs 

with absent deep pain perception had higher total nucleated cell counts than those with intact 

pain perception (Srugo et al. 2011; Windsor et al. 2008), however this may be affected by the 

time between onset and CSF sampling and use of glucocorticoids (Windsor et al. 2008) and 

was not repeated in another study (Witsberger et al. 2012).  One of these studies also found 

that macrophage to monocyte ratio was significantly altered in dogs who were deep pain 

negative and differed between deep pain negative dogs who recovered and those who did not 

(Srugo et al. 2011).  Other markers such as creatinine kinase (CK) and myelin basic protein 

(MBP) have also been suggested as being useful and multiple logistic regression suggested 

that these combined with Modified Frankel Score is highly predictive of recovery 

(Witsberger et al. 2012).  However, CK is highly unstable and so different sampling and 

handling protocols could affect results (Lisak & Frank 1967; Witsberger et al. 2012).   

 

1.8.7 Blood Biomarkers 

In theory blood biomarkers would be preferable compared to CSF as they allow testing prior 

to undertaking advanced diagnostics but have the difficulty of being separated from the 

central nervous system.   Of those investigated, the most interesting are central nervous 

system structural proteins which can be measured using an ELISA, although currently no 

commercial test exists.  One such protein is the phosphorylated form of the neurofilament 
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subunit NF-H (pNF-H) which has been shown to increase in rats with a contusive spinal cord 

injury (Shaw et al. 2005).  Results from the two studies investigating pNF-H have, however, 

been contradictory with one showing a significant difference between deep pain positive and 

deep pain negative dogs, and a difference between deep pain negative dogs who recovered 

ambulation and those who did not (Nishida et al. 2014), which was not replicated in the other 

study (Olby et al. 2019). Levels were also found to peak at 14 days post injury (Olby et al. 

2019) and so it utility at the point of presentation may be limited.  Another possible candidate 

biomarker is glial fibrillary acidic protein (GFAP) which has shown to be detectable in the 

serum of dogs with progressive myelomalacia and some deep pain negative dogs (Olby et al. 

2019; Sato et al. 2013). In one study 75% of dogs with progressive myelomalacia had 

detectable GFAP detectable in serum (Sato et al. 2013) and in another GFAP was greater 

than 76% accurate at predicting recovery (Olby et al. 2019).  However, concentrations 

peaked at day 3-4 and was detectable in some dogs who recovered (Olby et al. 2019) so 

further evaluation of the effect of time and more precise cut off values are likely required. 

 

1.8.8 Electrophysiological Testing 

Electrophysiological testing can be used to test the conduction through various nerves and 

pathways in dogs.  In dogs with thoracolumbar disc extrusions two main approaches have 

been taken; first testing the descending (motor) pathways and second testing the ascending 

(sensory) pathways.  Descending pathways have been tested using transcranial magnetic 

motor evoked potentials which can be elicited in normal dogs under sedation (Amendt et al. 

2016) but are completely lost following a spinal cord injury which renders the individual 

paraplegic (Amendt et al. 2017; Sylvestre et al. 1993).  This precludes its use at the point of 

presentation and there are also conflicting reports regarding its utility when assessing longer 

term recovery (Hu et al. 2018; Lewis et al. 2017) suggesting it is of limited value.  Ascending 

pathways have been tested using somatosensory evoked potentials which are elicited by 

stimulating a peripheral nerve and recording at various sites over the vertebral column.  

Again, results have been conflicting and they have not been shown to be useful in chronically 

deep pain negative dogs (Bright et al. 1977; Hu et al. 2018; Lewis et al. 2017). 

 

1.9 Progressive Myelomalacia 

Progressive myelomalacia is a relatively uncommon but potentially fatal complication of an 

intervertebral disc extrusion which is seen most commonly in those who present with absent 
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pelvic limb and tail nociception.  The complete pathophysiology is not fully understood but it 

can be characterised by the haemorrhagic necrosis and liquefaction of the spinal cord 

extending beyond the site of the initial injury (Ian R Griffiths 1972).  Clinical signs include 

progression from upper motor neuron signs to lower motor neuron signs (although many 

present with an L4-S3 localisation either due to spinal shock or due to a caudal lumbar 

extrusion), anal areflexia, cranial migration of the cutaneous trunci reflex, and in extreme 

cases, tetraplegia and Horner’s syndrome (loss of sympathetic innervation to the eye). 

Currently there is no treatment definitively proven to halt the progression of myelomalacia 

and so affected dogs are usually euthanised on welfare grounds, although more recently 

extensive durotomies have been suggested as a method of halting progression (Hirano et al. 

2020).  The reported incidence varies widely with reports ranging from 9-33% of deep pain 

negative dogs developing myelomalacia with the highest figure being reported exclusively in 

French bulldogs (Aikawa et al. 2014; Balducci et al. 2017; Castel et al. 2019; Jeffery et al. 

2016; Olby et al. 2003; Scott & Mckee 1999).  The wide range of figures may be due to the 

limited number of dogs included in each study and differences in inclusion criteria.  It is also 

possible that some dogs who are euthanised due to being deep pain negative and perceived to 

have a poor prognosis would have gone on to develop myelomalacia but are invariably 

excluded from these reports.  These reports are also exclusively of dogs who have been 

managed surgically and the rate of myelomalacia in conservatively managed dogs is 

unknown.   

 

Since myelomalacia is a significant consideration in the management of deep pain negative 

dogs predicting which individuals are most likely to develop it would be useful.  This is 

however quite challenging since it is a relatively rare event and so studies must rely on small 

numbers.  To date several factors have been suggested as risk factors including younger age, 

a more rapid onset of clinical signs, T2 weighted intraparenchymal hyperintensity and 

extensive CSF attenuation, although these no consistent measurement threshold has been 

determined (Balducci et al. 2017; Castel et al. 2019; Gilmour et al. 2017; Okada et al. 2010).  

One study also suggested that a delay in decompressive surgery may be a risk factor, but this 

study was retrospective and the reasons for delay were unclear (Castel et al. 2019).  

Unsurprisingly these studies were based on small numbers and very few had post-mortem 

confirmation and so must be interpreted with caution.  It is interesting to note that a few 

recent studies have suggested that extensive durotomies may be able to halt or reduce the 

incidence of progressive myelomalacia (Hirano et al. 2020; Takahashi et al. 2020). When this 
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evidence is combined with the possible association with extensive CSF attenuation and T2 

hyperintensity, it suggests that the contusive injury and its sequelae play a key role in the 

development of myelomalacia.  It is also possible that even minor compression also plays an 

important role since delay of surgery may increase risk (Castel et al. 2019)and a severely 

contused spinal cord may be less able to withstand even minor compression (Dimar et al. 

1999).   

 

1.10 Aims and Objectives 

The current clinical consensus that surgical decompression is required for clinical recovery in 

dogs who are non-ambulatory secondary to thoracolumbar intervertebral disc extrusions is 

potentially problematic.  Not only does it make it very challenging for clinicians in primary 

care practice to undertake non-surgical management even when surgical intervention is not 

possible due to financial or geographic restrictions, anecdotally leading to the euthanasia of 

many dogs, but it also makes clinical trials investigating alternative therapies very 

challenging since any direct comparison would require some dogs to be directed away from 

surgical treatment.  It also results in a lack of robust criteria for determining which 

individuals will benefit from surgery and those who could be recovered medically.  Instead, 

we must begin to tackle this problem in a different way.  For this reason, we have chosen to 

study those who would conventionally have been considered candidates for surgical 

decompression but who are unable to access this due to financial constraints, and to use these 

patients to study the natural history of the disease.  The aims of this study are therefore as 

follows. 

¥! To report the proportion of medically managed non-ambulatory small breed dogs with 

thoracolumbar intervertebral disc extrusions that recover ambulation within 3 months 

¥! To report the time to recovery of ambulation and investigate the association of 

clinical, neurological and imaging findings with time to recovery 

¥! To describe the changes in extradural compressive material seen on magnetic 

resonance imaging 

¥! To link clinical, neurological and imaging findings with failure to recover and 

therefore determine which patients could benefit most from surgical decompression 
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2. Material and Methods 

2.1 Conservative Management Study 

2.1.1 Case Selection and Clinical Data Collection 

Cases for inclusion in Chapters III, V and VI were prospectively recruited from primary care 

and referral practices to the Queen’s Veterinary School Hospital from October 2020 to the 

end of December 2022.  Ethical approval for this study was granted by the ethical committee 

at the University of Cambridge (CR317E).  No sample size calculation was completed prior 

to undertaking the study due to a lack of adequate available information from which to derive 

a suitable calculation and the fact that the study was designed to be a pilot study.  

The inclusion criteria were as follows. 

¥! Weighing less than 15kg 

¥! Being non-ambulatory in the pelvic limbs 

¥! Suspected to have a thoracolumbar or lumbar intervertebral disc extrusion 

¥! Owners unable to afford surgery but able to pay £500 fee 

For the purposes of this study non-ambulatory status was defined as being unable to walk a 

minimum of 10 steps unaided.  Dogs were excluded if they had a diagnosis other than an 

intervertebral disc extrusion on MRI.  Following the death of one french bulldog from 

aspiration pneumonia, brachycephalic dogs (french bulldogs, 47nglish bulldogs and pugs) 

were also excluded on the basis of increased risk of regurgitation and the ethical approval 

was updated to reflect this. 

 

On presentation, clinical history was used to obtain time from first signs to loss of 

ambulation, duration of loss of ambulation prior to presentation and, where relevant, time 

from onset to loss of deep pain perception (DPP).  Where time to loss of DPP was not known, 

it was recorded as the same time as time to loss of ambulation.  This information was used to 

classify cases as peracute (< 1 hour), acute (1-24 hours) and gradual (>24 hours) onset as per 

Scott & Mckee (1999).  Subsequently, all cases underwent a clinical and neurological 

examination as well as pain assessment using the short form Glasgow Composite Pain Scale 

(GCPS) (Reid et al. 2007).  Information recorded included age, breed, sex, neuter status, 

weight, body condition score (BCS), concurrent illnesses, GCPS, neuroanatomical 

localisation and neurological grade, including deep pain perception.  Neurological grading 

was undertaken using the following scale (Frankel et al. 1969; Scott 1997).  

¥! Grade 3 – non-ambulatory paraparesis 
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¥! Grade 4 – paraplegia with intact deep pain perception 

¥! Grade 5 – paraplegia with absent deep pain perception   

Deep pain perception was evaluated in all paraplegic dogs by successively applying 

increasing pressure to the digits and metatarsal region of the pelvic limbs and tail using large 

artery forceps.  Deep pain perception was considered intact if any behavioural response was 

seen when pressure was applied to one or more of these areas.  All cases where deep pain 

perception was thought to be absent were also assessed by a board-certified neurologist at the 

time of presentation using the same method.  Patients whose clinical and neurological signs 

were consistent with progressive ascending-descending myelomalacia (PMM) were all 

included but euthanised, and where possible, post-mortem examination was used to confirm 

the diagnosis of PMM secondary to an intervertebral disc extrusion.  Clinical signs 

considered consistent with PMM were as follows: progression from signs of upper motor 

neuron lesion to a loss of tone in the pelvic limbs, pelvic limb and anal areflexia, cranial 

migration of the caudal border of the cutaneous trunci reflex, development of tetraparesis or 

tetraplegia, and Horner’s syndrome (Balducci et al. 2017; Gilmour et al. 2017; Ian R 

Griffiths 1972; Jeffery et al. 2016; Okada et al. 2010).  To ensure there was convincing 

evidence of progressive myelomalacia prior to euthanasia dogs were hospitalised for up to 48 

hours or until significant cranial migration of the caudal border of the cutaneous trunci was 

noted.  As a result all dogs had progressed to some degree of tetraparesis prior to euthanasia.  

Post-mortem confirmation of PMM secondary to an intervertebral disc extrusion was not 

required for inclusion in the study. 

 

2.1.2 Study Protocol 

All patients received a maximum of two days hospitalised before being discharged and 

managed conservatively at home for twelve weeks.  A study period of twelve weeks was 

selected to provide adequate time for dogs to recover and to allow sufficient time for changes 

in extradural compression on MRI without the added confounding factor of spinal walking.  

This way we could ensure that dogs who regained ambulation had truly recovered.  During 

this period, they received analgesia, strict cage rest, physiotherapy and if required bladder 

management.  Support and monitoring were provided remotely via telephone call, video 

recordings and email for the duration of this period.  Recovery of ambulation (10 steps 

unaided) was self-reported by owners during this time period (as requested at the initial 

consultation) and supported by the use of video recordings.    
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Whilst hospitalised all patients received multimodal analgesia consisting of a non-steroidal 

anti-inflammatory, paracetamol, and gabapentin. Where required patients also received 

methadone intravenously as rescue analgesia.  Where patients had already been prescribed 

corticosteroids, these were discontinued.  Following hospitalisation patients were discharged 

with a non-steroidal anti-inflammatory, paracetamol and gabapentin which was gradually 

withdrawn over 2-4 weeks dependent on the response to medication.   

 

In all cases, strict cage rest was prescribed for an initial four weeks, selected due to the risk of 

recurrence at the same site within four weeks which appears to rapidly diminish after one 

month (Dhupa et al. 1999b; Forterre et al. 2008; Funkquist 1970; Stigen et al. 2010).  If 

ambulation was recovered within four weeks, short lead walks were initiated for a maximum 

of 10 minutes four times daily. Further less strict (large pen or room)  rest beyond four weeks 

was prescribed if ambulation had not been recovered.  Exercise was then gradually increased 

throughout the 12-week period in accordance with clinical progression.  

 

No professional physiotherapy was provided. Instead, instruction (in person and via video 

tutorial) in how to perform basic massage, passive range of motion (PROM) and assisted 

standing exercises was provided and these were undertaken three to four times daily.  

Assisted standing exercises consisted of stand to sits, sit to stands, rocking and foot sliding 

exercises.   

 

Whilst hospitalised, patients’ bladders were managed using manual expression every six 

hours.  If patients’ temperament did not allow for manual expression, an indwelling catheter 

was placed and removed at discharge.  Following discharge owners were instructed to 

manage patients’ bladders using manual expression 3-4 times daily until consistent voluntary 

urination had been witnessed.  Time to control of urination was recorded as reported by 

owners, as were the complications such as urinary tract infections, however routine urinalysis 

was not undertaken, and no urodynamic studies were possible to confirm continence.  

Instead, urine testing was undertaken on the basis of compatible clinical signs (pyrexia, 

lethargy, polydipsia, and haematuria) to mimic primary care practice.   
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2.1.3 Prospective Outcome Clinical Data Collection 

Twelve weeks after initial presentation patients represented to the Queen’s Veterinary School 

Hospital.  All patients underwent full clinical and neurological examination.  Successful 

outcome was defined as the ability to do 10 steps unaided and time to ambulation was 

recorded as reported by the owners. Other grading systems such as open field scores (Tarlov 

& Klinger 1954) or the newly validated 50 step walking test (Rosen et al. 2022) were not 

used to allow owners to self-report without the requirement for repeat visits or additional 

equipment, and to mimic primary care practice. This, more pragmatic approach, also aimed to 

focus on the owners’ main concern; did their dog regain ambulation. Patients were also 

assessed for persistent spinal pain.  Magnetic resonance imaging was repeated. 

 

2.1.4 Diagnostic Image Acquisition 

All cases who met the initial inclusion criteria and whose examination was not suggestive of 

PMM underwent magnetic resonance imaging (MRI) using a low field 0.27T MRI (MR-

Grande, Esaote) to confirm the diagnosis of an intervertebral disc extrusion.  All studies were 

performed under sedation using medetomidine, methadone and alfaxalone unless 

contraindicated due to concurrent health conditions.  If contraindicated patients underwent 

general anaesthesia with a protocol tailored appropriately to the concurrent condition.  The 

following image sequences were obtained: T2-weighted sagittal, Half Fourier Single-Shot 

Turbo Spin Echo (HASTE) sagittal, T2-weighted transverse and T1-weighted transverse.  

Images were centred over the thoracolumbar junction unless the neurological examination 

indicated a more caudal localisation.  Sagittal images were taken the length of the 

thoracolumbar spine and across the width of the vertebral column. Transverse images were 

taken through the site of the extrusion extending one intervertebral disc space cranial and 

caudal.  A second MRI was undertaken twelve weeks later using the same parameters. 

 

2.1.5 Image Analysis 

Images were reviewed and analysed using DICOM viewing software (Horos, Horos Project, 

Geneva, Switzerland).  Measurements were performed by a single reviewer who was not 

blinded to patient or clinical information.  The following measurements were recorded. 

¥! Site of intervertebral disc extrusion 

¥! Length of CSF attenuation on Half Fourier Single-Shot Turbo Spin Echo (HASTE) 

sequence 
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¥! Length of the second lumbar (L2) vertebra 

¥! Cross sectional area of the vertebral canal at the site of maximal compression 

¥! Cross sectional area of the compressive material at the site of maximal compression 

¥! Maximum spinal cord compression (percentage) 

 

Length of CSF attenuation was measured using midline sagittal HASTE images and the 

straight-line measurement function, drawing a line from the two points where at least one 

CSF column was visible.  Where both dorsal and ventral columns were visible, the dorsal 

column was used.  The length of the L2 vertebrae were measured on midline sagittal images, 

using the straight-line function, and used to generate a ratio of CSF attenuation to length of 

L2 vertebra (Figure 4).  Cross sectional area (CSA) of the vertebral canal was calculated 

using T2-weighted transverse images at the point of maximal compression and the closed 

polygon function as described by Huska et al. (2014) (Figure 4).  Cross sectional area of the 

compressive material was also calculated in the same manner.  This was then used to generate 

a percentage compression ((CSA of compressive material/ CSA of vertebral canal) * 100).  If 

multiple consecutive transverse images showed a subjectively similar severity of 

compression, all were measured and only the highest percentage compression was recorded.  

When analysing repeat MR images, the reviewer was blinded to the previous measurements 

but not the outcome. 

 

 
FIGURE 4 SAGITTAL HASTE MR IMAGE SHOWING CSF ATTENUATION MEASUREMENT (A), AND T2 TRANSVERSE MR IMAGE SHOWING 

CROSS SECTIONAL MEASUREMENT OF EXTRADURAL COMPRESSIVE MATERIAL (B) 
 

2.2 Measurement Validation 

2.2.1 Case Selection and Data Collection 

Cases for inclusion in Chapter IV were retrospectively selected from the case records of the 

Queen’s Veterinary School Hospital from between April 2021 to April 2022.  No sample size 



 52 

calculation was undertaken prior to data collection. Cases were included if they had 

undergone low field MRI of the thoracolumbar or lumbar spine including a minimum of a T2 

sagittal, T2 transverse and T1 transverse sequences, which was consistent with an 

intervertebral disc extrusion.  Cases were excluded if they had undergone high field MRI.  

The following data were collected: age, breed, sex, neuter status, weight, body condition 

score, and neuroanatomical localisation.  

 

2.2.2 Diagnostic Imaging 

All dogs underwent low field MRI with a 0.27T unit (MR-Grande, Esaote) under general 

anaesthesia or sedation in either dorsal or lateral recumbency which included a minimum of 

T2-weighted sagittal and transverse images. Sagittal images were taken the length of the 

spine visible in the field of view and across the width of the vertebral column. Transverse 

images were centred over the site of the suspected extrusion, extending craniocaudally to 

include uncompressed spinal cord at either extremity.   

 

2.2.3 Image Analysis 

Images were analysed using a DICOM viewing software (Horos, Horos Project, Geneva, 

Switzerland) by a single reviewer who was blinded to all case details.  Cross-sectional area of 

the vertebral canal at the point of maximal compression and cross-sectional area of the 

compressive material at the point of maximal compression were measured using the 

technique previously described.  These were also used to generate the percentage 

compression as previously described.  The reviewer was blinded to these measurements and 

reviewed the images twice more; once one week later and once three months later.  The data 

were then collated for analysis. 

 

2.3 Statistical Analysis 

Statistical analysis was performed using R Studio.  The assumptions of all statistical tests 

were tested using Shapiro-Wilk test, Bartlett’s test of variance or Levene’s test of variance, 

and residuals vs fitted, normal Q-Q, scale-location and residuals vs leverage plots as required. 

Statistical significance was defined a p<0.05. 
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2.3.1 Conservative Management Statistical Analysis 

All data were initially divided by presence or absence of pelvic limb and tail nociception at 

initial presentation.  Population data are provided as mean and standard deviation, median 

and interquartile range, minimum, and maximum.  Outcome data is provided as a proportion 

alongside 95% confidence intervals.  Time to recovery is reported in days as the median, 

interquartile range, minimum and maximum values.  Signalment data such as age, weight and 

body condition score were compared with data on outcome including recovery of ambulation, 

deep pain negative status on presentation and progressive ascending descending 

myelomalacia using an appropriate t-test or non-parametric equivalent dependent on testing 

for normality and equality of variance.  Outcome data were also compared by onset of 

clinical signs using a Fisher’s exact test.  Age and weight were tested for correlation with 

time to recovery using Spearman’s rank correlation coefficient, and body condition score was 

investigated for an association with time to ambulation using a Kruskal-Wallis test.  

Similarly, time to ambulation was compared by onset of clinical signs using a Mann-Whitney 

U test.  All data are also presented graphically as a combination of box plots, scatter plots and 

raincloud plots. 

 

2.3.2 Measurement Validation Statistical Analysis 

Descriptive statistics were reported using median and interquartile range.  Agreement 

analysis was undertaken for CSA of the vertebral canal and compressive material at each time 

point using Bland-Altman analysis to derive bias, upper limits of agreement and lower limits 

of agreement, defined as two standard deviations from the mean difference, as well as 95% 

confidence intervals.  Bland-Altman plots are provided to visualise absolute error and 

percentage error. Correlation plots are presented alongside Bland-Altman plots for further 

information.  Agreement analysis was also undertaken on the same variables using intraclass 

correlation coefficient, including 95% confidence intervals. 

 

2.3.3 Morphometric MRI Statistical Analysis 

Population data and morphometric MRI data are reported as described previously.  

Morphometric measurements of compression were compared between visits and with 

outcome using an appropriate t-test or non-parametric equivalent.  Change in compression, 

defined as percentage compression at initial presentation minus percentage compression at 12 

weeks, was also compared with recovery of ambulation using an appropriate t-test.  
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Measurements of CSF attenuation and compression were then compared with neurological 

grade using analysis of variance (ANOVA) and post-hoc Dunn test where applicable, and 

deep pain negative status using an appropriate t-test or non-parametric equivalent.  Data were 

then subdivided by presence of deep pain perception and the relationship between 

morphometric MRI measurements and time to ambulation was assessed using simple linear 

models.  Again, all data are also presented graphically as a combination of box plots, scatter 

plots and raincloud plots. 
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3. Conservative Management Results 

3.1 Introduction 

3.1.1 The Clinical Conundrum 

Myelopathies caused by acute intervertebral disc extrusion are a common reason for dogs to 

present to referral practices (Bergknut et al. 2012a; Fluehmann et al. 2006). Clinical signs 

range along a scale from spinal hyperaesthesia alone with no detectable neurological deficits 

to paraplegia with absent pelvic limb deep nociception, something usually termed “deep pain 

negative”.  These signs are caused by herniation of degenerate nucleus pulposus through the 

annulus fibrosus (Hansen 1952), which results in both a contusive and compressive spinal 

cord injury, with each disc extrusion representing a potentially unique combination of these 

two insults. In turn these injuries cause a sequence of secondary events including necrosis, 

apoptosis and eventually cystic cavity and glial scar formation within the spinal cord 

parenchyma (Jeffery & Blakemore 1999; Smith & Jeffery 2006).   

 

Whilst veterinary surgeons have been aware of this type of canine myelopathy as far back as 

the 1890s (Olsson 1951), there is ongoing debate regarding the appropriate treatment for 

affected dogs.  With the possible exception of durotomy, there is currently no treatment 

which directly targets the contusive injury, and, at present, treatment options can be 

categorised as either conservative/ medical or surgical.  Conservative management generally 

consists of analgesia, strict rest and bladder management, with recovery dependent upon the 

resolution of the spinal cord swelling and various mechanisms of neuroplasticity which aim 

to restore function by adjusting pathways that have been damaged, although it is possible that 

spontaneous resorption of extruded disc material and subsequent decompression also plays a 

role (Khan et al. 2022; Steffen et al. 2014).  Surgical management usually consists of spinal 

cord decompression via a hemilaminectomy or mini-hemilaminectomy, although other 

techniques have been described (Flegel et al. 2011; Funkquist 1970; Gage & Hoerlein 1968; 

Salger et al. 2014). This type of management partly relies on the same recovery mechanisms 

as conservative management but also aims to resolve the compressive insult to the spinal cord 

and in turn its effects on blood supply and impulse conduction.  This means that clinicians 

must decide whether to undertake surgical decompression or not but, to date, these treatment 

options have never been directly compared in a randomised controlled trial.  Despite this 

there is a consensus that for dogs who are unable to walk, surgical decompression is superior 

to conservative management and potentially even necessary for recovery (Olby et al. 2022).  
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It is, however, known that some dogs can recover without surgical treatment and so this 

consensus is potentially problematic when financial restrictions or geographic availability 

limit availability to 3D imaging and surgery which could lead to dogs being euthanised when 

they could have recovered medically. 

 

Unfortunately, there is limited available evidence to facilitate the use of conservative 

management in clinical practice.  Most studies reporting outcomes following conservative 

management are either retrospective or small prospective series, and whilst there are two 

recent systematic reviews, these are inevitably restricted by the available published data 

(Freeman & Jeffery 2017; Langerhuus & Miles 2017).  A majority of these studies are limited 

by small numbers of dogs who were non-ambulatory on presentation, and exceptionally small 

numbers of dogs who were deep pain negative, with one systematic review reporting the 

outcome of only 41 deep pain negative dogs (Freeman & Jeffery 2017).  Furthermore, 

inclusion criteria differ between reports making direct comparisons between studies 

challenging.  A majority of studies have been retrospective, and the reasons dogs were 

directed to conservative management rather than decompressive surgery are not clear.  As a 

result, these will have been prone to a selection bias and potentially a lack of external 

validity.  This is also compounded by the variation in treatment protocols.  Across the studies 

the use of crate rest and the time period prescribed, use of glucocorticoids vs non-steroidal 

anti-inflammatory drugs, bladder management and time to follow up were not consistent.  

Some also used unproven treatments such as vitamin B1 or acupuncture which further 

confuse the picture (Han et al. 2010; Hayashi et al. 2007; Joaquim et al. 2010; Olsson 1951). 

Outcome measurements were also subject to similar issues.  Time to follow up varied widely 

and definitions of recovery were subjective and therefore unlikely to be consistent across 

reports. One study also diverted dogs to surgery if they had failed to recover within four 

weeks (Levine et al. 2007) despite evidence that recovery times can vary widely.   

 

Despite the limited evidence available for outcomes with conservative management most 

studies have reported a favourable outcome for deep pain positive dogs with one systematic 

review reporting a recovery proportion of 86% (Freeman & Jeffery 2017).  Although this is 

difficult to interpret, we can conclude that many dogs can recover ambulation when managed 

conservatively.  This is also supported by the positive outcomes following fenestration which 

are remarkably similar to those following decompressive surgery (Butterworth & Denny 

1991; Denny 1978; Flo & Brinker 1975; Freeman & Jeffery 2017).  Fenestration involves 
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making a small window in the outer annulus fibrosus to facilitate removal of non-extruded 

nucleus pulposus.  The aim of this procedure is to reduce the risk of further extrusion, but it 

does not remove any of the compressive material that lies within the vertebral canal. It has, 

however, been suggested that fenestration affects the dynamic nature of the compression 

(Olsson 1951), but this is unproven and so may support the idea that some dogs can be 

recovered without surgical decompression.   

 

Despite the lack of studies reporting outcomes for non-ambulatory dogs managed 

conservatively, there are other lines of evidence which could support the idea that some dogs 

do not require surgical decompression to recover. Firstly, the severity of compression has not 

consistently been correlated with clinical signs or outcome following surgery (Besalti et al. 

2005; Levine et al. 2009; Penning et al. 2006), although a recent study suggested volume of 

the extruded material may be correlated with severity (Sakaguchi et al. 2023). Substantial 

compressions have also been demonstrated in dogs with back pain alone (Sukhiani et al. 

1996) and conversely severe signs can be seen in dogs with comparatively minor 

compressions suggesting that compression is not solely responsible for clinical signs.  

Additionally, studies have demonstrated that some compressive material can remain after 

surgery without preventing recovery and laboratory studies in rats have shown that 

compressions of less than 50% in rats did not affect recovery time (Dimar et al. 1999; Huska 

et al. 2014; Roach et al. 2012).  This is further supported by the studies showing that CSF 

attenuation, a possible marker of spinal cord swelling, is correlated with deep pain perception 

and is a risk factor for developing myelomalacia, again suggesting the contusive injury is at 

least as important as compression (Balducci et al. 2017; Gilmour et al. 2017; Khan & 

Freeman 2022).  In humans and dogs, substantial extrusions have also been demonstrated to 

regress on their own partially or completely, thereby resolving spinal cord compression, with 

or without recovery of clinical signs, suggesting that recovery can be independent of 

decompression in some cases (Guinto et al. 1984; Komori et al. 1996; Ryu & Kim 2010; Saal 

et al. 1990).  In humans, regression is most common in so called “sequestered” extrusions, 

where the extruded material is no longer in contact with the residual nucleus pulposus (Autio 

et al. 2006; Chiu et al. 2015).  These most closely resemble canine extrusions, so it is very 

plausible that this phenomenon is common in dogs and that surgery is not necessarily always 

required for spinal cord decompression to occur. 
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3.1.2 Progressive Myelomalacia 

Progressive myelomalacia is a potentially fatal complication of IVDE seen most commonly 

in those dogs who progress rapidly to deep pain negative.  The pathophysiology is not fully 

understood but it can be characterised by the haemorrhagic necrosis and liquefaction of the 

spinal cord (Ian R Griffiths 1972).  Clinical signs can include progression from upper motor 

neuron signs to lower motor neuron signs (where initial signs localise to the T3-L3 spinal 

cord segments), anal areflexia, cranial migration of the cutaneous trunci reflex, tetraplegia 

and Horner’s syndrome (Balducci et al. 2017; Gilmour et al. 2017; Ian R Griffiths 1972). 

Currently there is no commonly available treatment meaning it invariably leads to euthanasia 

of affected individuals, although more recently it has been suggested that extensive 

durotomies may halt the progression of myelomalacia, and so it is an important consideration 

in the management of deep pain negative dogs.  To date the rate of myelomalacia has not 

been compared between conservative and surgical management.  In fact, there are currently 

no reports on those managed medically in the literature and so the incidence of myelomalacia 

in dogs managed medically is unknown.  For dogs managed surgically the reported incidence 

ranges from 9-33% with the higher figure being reported in French bulldogs specifically 

(Aikawa et al. 2014; Balducci et al. 2017; Castel et al. 2019; Jeffery et al. 2016; Olby et al. 

2003; Scott & Mckee 1999).  Unfortunately, these studies all included very small numbers of 

cases and so it is possible that these figures are inaccurate.  Other prognostic factors that have 

been suggested to impact risk of myelomalacia are younger age, a more rapid onset of clinical 

signs, T2 weighted intraparenchymal hyperintensity and extensive CSF attenuation, although 

these were also from studies with small sample sizes (Balducci et al. 2017; Castel et al. 2019; 

Gilmour et al. 2017).  It is interesting to note that a recent study has suggested that extensive 

durotomies, where the dura mater is opened the length of the spinal cord hyperintensity 

visible on MRI, which aim to reduce intramedullary pressure secondary to spinal cord 

contusion, may be able to halt progressive myelomalacia (Hirano et al. 2020).  Another 

similar study also found that 21.5% of dogs undergoing hemilaminectomy alone developed 

progressive myelomalacia compared to no dogs who underwent durotomy (Takahashi et al. 

2020). When this evidence is combined with the possible predictive nature of CSF 

attenuation and T2 hyperintensity, it suggests that the contusive injury and its sequelae are 

more important than compression in the development of myelomalacia.  Therefore, there is 

currently no evidence to suggest that conservative management should have a higher rate of 
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myelomalacia than decompression although the possibility that even minor compression 

plays a role in myelomalacia cannot be excluded.   

 

3.1.3 Conclusion 

Overall, it is difficult to determine which dogs could recover with conservative management 

and when this is combined with the current lack of clinical equipoise it is possible that some 

dogs are being euthanised due to lack of access to surgical treatment, who could have been 

recovered medically.  It also prevents a prospective randomised controlled trial since this 

would involve limiting access to surgery, a treatment known to have excellent outcomes, and 

potentially diverting them to a treatment course which may be inferior.  For this reason, we 

have chosen to study those who cannot access surgical treatment due to financial reasons, 

report the proportion of recovery and examine if failure to recover was correlated with 

physical and neurological examination findings. 

 

3.2 Results 

3.2.1 Overall Population Data 

A total of 95 cases met the initial criteria of weighing less than 15kg, being non-ambulatory 

and suspected to have a thoracolumbar disc extrusion.  Of these 19 were lost prior to their 

first appointment due to either recovering ambulation (n=7), declining an appointment due to 

financial (£500 participation fee) or transport restrictions (n=6) or being euthanised (n=6).  

No further data is available for these cases.  A further four cases were excluded due to having 

an MRI diagnosis other than an intervertebral disc extrusion leaving 72 cases meeting all 

inclusion criteria.  The most common breeds were miniature dachshund (n=57), standard 

dachshund (n=5) and crossbreed (n=5).  30 were male (17 neutered) and 42 were female (27 

neutered).  Median age at presentation was 60 months (IQR 52-80 months).  Median weight 

at presentation was 6.6kg (IQR5.5-7.8kg) and median body condition score was 6/9 (IQR 5-

7/9).  Rate of onset was peracute (< 1 hour) in 3 cases, acute (1-24 hours) in 42 cases and 

gradual (> 24 hours) in 26 cases.  The median time from loss of ambulation to presentation 

was 5 days (IQR 3-7 days).  51/72 were deep pain positive on presentation and 21/72 were 

deep pain negative on presentation. Since deep pain perception is the only consistently 

identified prognostic indicator for thoracolumbar disc extrusions the data have been divided 

into “deep pain positive” and “deep pain negative” categories. 
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FIGURE 5 FLOW CHART OF PATIENT INCLUSION AND EXCLUSION 

3.2.2 Deep Pain Positive Outcome 

The most common breeds were miniature dachshund (n=39), standard dachshund (n=5) and 

crossbreed (n=3).  24 were male (14 neutered) and 27 were female (20 neutered).   

 

Breed Frequency Percent 

Chihuahua 1 1.96 

Crossbreed 3 5.88 

French Bulldog 2 3.92 

Miniature Dachshund 9 17.65 

Miniature Dachshund (long-haired) 3 5.88 

Miniature Dachshund (smooth-haired) 26 50.98 

Miniature Dachshund (wire-haired) 1 1.96 

Sealyham Terrier 1 1.96 

Standard Dachshund (smooth-haired) 5 9.80 

Total 51 100 
TABLE 3 NUMBER OF DOGS INCLUDED BY BREED 
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Median age at presentation was 64 months (IQR 58-84 months).  Median weight at 

presentation was 6.7kg (IQR5.5-8.3kg) and median body condition score was 6/9 (IQR 5-

7/9).  Rate of onset was peracute (< 1 hour) in 2 cases, acute (1-24 hours) in 26 cases and 

gradual (> 24 hours) in 22 cases.  The median time from loss of ambulation to presentation 

was 5 days (IQR 3-8 days).   

 

Age 

Mean = 70.8 months (SD 23.4) 

Median = 64 months (IQR 58-84 months) 

Range = 24-138 months 

Weight 

Mean = 7.4 kg (SD 2.6) 

Median = 6.7kg (IQR 5.5-8.3kg) 

Range = 3.2-14.8kg 

Body Condition Score 

Mean = 6/9 (SD 1.2) 

Median = 6/9 (IQR 5-7/9) 

Range = 4-9/9 

Duration of loss of ambulation prior to 

presentation  

Mean = 6.7 days (SD 5.36) 

Median = 5 days (IQR 3-8 days) 

Range = 1-24 days 

Time to recovery of ambulation  

Mean = 18.3 days (SD 19.8) 

Median = 11 days (IQR 7-21 days) 

Range = 1-91 days 
TABLE 4 DEEP PAIN POSITIVE POPULATION DATA 

 

The most common intervertebral discs affected were T13-L1 (n=13), T12-13 (n=12) and L2-

3 (n=7). 
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Site of Extrusion Frequency Percent 

T11-12 4 7.843 

T12-13 12 23.529 

T13-L1 13 25.490 

L1-2 6 11.765 

L2-3 7 13.725 

L3-4 6 11.765 

L4-5 1 1.961 

L5-6 2 3.922 

Total 51 100.000 
TABLE 5 SITE OF INTERVERTEBRAL DISC EXTRUSIONS IDENTIFIED ON MRI 

 

Within the twelve-week study period 49 cases recovered ambulation giving a recovery rate of 

96.1% (95% CI 86.8-98.9%).  Median time to recovery of ambulation was 11 days (IQR 7-21 

days; Range 1-91 days) (Figure 6).  Of the two cases that failed to recover one died of 

suspected aspiration pneumonia following initial MRI and one showed no neurological 

improvement but remained deep pain positive. At follow up no dogs had persistent back pain 

and all cases that recovered ambulation also recovered voluntary urinary function.  Two dogs 

did suffer recurrence of clinical signs; one a recurrence of back pain alone, and the other 

progressive ascending-descending myelomalacia but repeat MRI confirmed that these were 

the result of a second intervertebral disc extrusion at a different site.   

 

 
FIGURE 6 A SCATTER PLOT SHOWING TIME TO AMBULATION 
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Due to a lack of a comparison group no analysis was undertaken to compare signalment, 

clinical and neurological examination findings with outcome and instead analysis was 

undertaken to assess impact upon time to ambulation.  Spearman’s rank correlation 

coefficient showed no relationship between age and time to ambulation (! =0.118; 95% CI -

0.16-0.38).  Spearman’s rank correlation coefficient also showed no relationship between 

weight and time to ambulation (! =0.185; 95% CI -0.10-0.44) (Figure 7).  A one-way 

Kruskal-Wallis rank sum test showed that median time to ambulation did not differ 

significantly between body condition scores (KW=7.57, df=5, p-value = 0.18).   

 

 
FIGURE 7 SCATTER PLOTS SHOWING TIME TO AMBULATION BY AGE AND WEIGHT FOR DEEP PAIN POSITIVE DOGS 

 

The effect of onset on time to ambulation could not be reliably tested due to only one case 

with peracute onset recovering ambulation, however the median time to recovery for all 

groups was 11 days (Figure 8). 

 
FIGURE 8 BOX AND WHISKER PLOT SHOWING TIME TO AMBULATION IN DAYS BY ONSET OF CLINICAL SIGNS 
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3.2.2 Deep Pain Negative Outcome 

The breeds included were miniature dachshund (n=18), crossbreed (n=2) and lhasa apso 

(n=1).  6 were male (3 neutered) and 15 were female (7 neutered).   

Breed Frequency Percent 

Crossbreed 2 9.52 

Lhasa Apso 1 4.76 

Miniature Dachshund 4 19.05 

Miniature Dachshund (smooth-haired 12 57.14 

Miniature Dachshund (long-haired) 1 4.76 

Miniature Dachshund (wire-haired) 1 4.76 

Total 21 100 
TABLE 6 NUMBER OF DOGS INCLUDED BY BREED 

Median age at presentation was 58 months (48-66 months).  Median weight at presentation 

was 6.1kg (5.5-7.0kg) and median body condition score was 6/9 (IQR 5-7/9).  Rate of onset 

was peracute in 1 case, acute in 16 cases and gradual in 4 cases.  The median time from loss 

of ambulation to presentation was 4 days (IQR 3-6 days).   

 

Age 

Mean = 57.5 months (SD 11.7) 

Median = 58 months (48-66 months) 

Range = 38-80 months 

Weight 

Mean = 6.2 kg (SD 1.2) 

Median = 6.1kg (5.5-7.0kg) 

Range = 3.4-8.4kg 

Body Condition Score 

Mean = 6/9 (SD 1.2) 

Median = 6/9 (IQR 5-7/9) 

Range = 4-7/9 

Duration of loss of ambulation prior to 

presentation  

Mean = 4.0 days (SD 2.4) 

Median = 4 days (IQR 3-6 days) 

Range = 1-11 days 

Time to recovery of ambulation  

Mean = 25 days (SD 26.6) 

Median = 25 days (IQR 21-28 days) 

Range = 3-84 days 
TABLE 7 DEEP PAIN NEGATIVE POPULATION DATA 



 65 

The most common intervertebral discs affected were T11-12 (n=6), T13-L1 (n=4) and T12-

13 (n=3). 

Site of Extrusion Frequency Percent 

T10-11 1 5.88 

T11-12 6 35.29 

T12-13 3 17.65 

T13-L1 4 23.53 

L1-2 2 11.77 

L3-4 1 5.88 

Total 17 100.000 
TABLE 8 SITE OF INTERVERTEBRAL DISC EXTRUSIONS IDENTIFIED ON MRI 

 

Within the twelve-week study period 10 cases recovered ambulation.  The per protocol and 

intention to treat recovery rates are therefore 47.6% (95% CI 28.3-67.6%) and 62.5% (95% 

CI 38.6-81.5%) respectively.  Median time to recovery of ambulation was 25 days (IQR 21-

28 days; Range 3-84 days) (Figure 9).  Of those who did not recover 6 were suspected to 

have myelomalacia at presentation (one of whom underwent MRI) and one developed 

myelomalacia after MRI.  The per protocol and intention to treat rates of myelomalacia are 

therefore 33.3% (95% CI 17.2-54.6%) and 12.5% (95% CI 3.5-36.0%) respectively. The 

remaining 4 dogs that did not recover ambulation remained deep pain negative at follow-up.  

At follow up no dogs had persistent back pain and all cases that recovered ambulation also 

recovered voluntary urinary function.  One dog did suffer recurrence of clinical signs, 

becoming non-ambulatory paraparetic but repeat MRI confirmed that this was the result of a 

second intervertebral disc extrusion at a different site.   
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FIGURE 9 A SCATTER PLOT SHOWING TIME TO AMBULATION 

 

A two-tailed students t-test indicated that the mean age did not differ significantly between 

those who recovered ambulation (54.7 months) and those who did not (60.0 months) (t=1.04, 

df=19, p=0.31).  A two-tailed student’s t-test also showed that mean weight did not differ 

significantly between dogs who recovered (6.04kg) and those who did not (6.29kg) (t=0.47, 

df=19, p=0.65) (Figure 10).  A Mann-Whitney U test showed that median body condition 

score did not differ significantly with recovery (6/9 in both groups) (W=51.0, p=0.80). A 

Fisher’s exact test showed that recovery did not differ significantly with onset (p=1.0, df=1). 

 

 
FIGURE 10 COMBINED SCATTER, BOX AND WHISKER AND RAINCLOUD PLOTS OF RECOVERY VERSUS AGE AND WEIGHT IN DEEP PAIN 

NEGATIVE DOGS 

 

Spearman’s rank correlation coefficient showed a weak positive correlation between age and 

time to ambulation (! =0.29; 95% CI -0.42-0.78).  Spearman’s rank correlation coefficient 

also showed no relationship between weight and time to ambulation (! =-0.07; 95% CI -0.67-

0.58) (Figure 11).  A one-way Kruskal-Wallis rank sum test showed that median time to 
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ambulation did not differ significantly between body condition scores (KW=3.85, df=2, p-

value = 0.15).  A Mann-Whitney U test showed that the median time to ambulation did not 

differ significantly between acute (25 days) and gradual (41.5 days) onset of signs (W=9.00, 

p=0.90).  The dog whose signs were peracute did not recover ambulation and so no data were 

available for comparison for this category. 

 

 
FIGURE 11 SCATTER PLOTS SHOWING TIME TO AMBULATION BY AGE AND WEIGHT FOR DEEP PAIN NEGATIVE DOGS 

 

3.2.3 Clinical Signs and Deep Pain Negative Status 

A Welch’s t-test showed that the mean age differed significantly between those who were 

deep pain positive on presentation (70.8 months) and those who were deep pain negative 

(57.5 months) (t=-3.21, df = 67.2, p-value < 0.01).  A Welch’s t-test also showed that mean 

weight differed with deep pain perception on presentation (positive = 7.34kg; negative = 

6.17kg) (t =-2.67, df=68.9, p-value=0.01) (Figure 12), however, a Mann-Whitney U test 

showed that median body condition score did not differ significantly with deep pain status 

(6/9 in both groups) (W=515, p=0.80).  A Fisher’s exact test showed that deep pain 

perception did not differ significantly with onset (df=1, p=0.10).   
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FIGURE 12 COMBINED SCATTER, BOX AND WHISKER AND RAINCLOUD PLOTS OF DEEP PAIN PERCEPTION VERSUS AGE AND WEIGHT 

 

3.2.4 Clinical Signs and Myelomalacia 

A two-tailed students t-test indicated that the mean age did not differ significantly between 

those who developed myelomalacia (54.7 months) and those who did not (58.9 months) 

(t=0.76, df=19, p=0.46). A two-tailed students t test also showed that mean weight did not 

differ significantly between those who developed myelomalacia (6.18kg) and those who did 

not (6.17kg) (t=-0.02, df=19, p=0.99) (Figure 13).  A Mann-Whitney U test showed that 

median body condition score did not differ significantly between those with myelomalacia 

(6/9) and those without (6/9) (W=55.5, p=0.64).  A fisher’s exact test showed that 

myelomalacia did not differ significantly with onset (df=1, p=0.50).  

 

 
FIGURE 13 COMBINED SCATTER, BOX AND WHISKER AND RAINCLOUD PLOTS OF MYELOMALACIA VERSUS AGE AND WEIGHT 

 

3.3 Discussion 

By managing non-ambulatory dogs with thoracolumbar intervertebral disc extrusions 

conservatively we have been able to accurately document the natural history of the disease in 

a manner not previously reported.  The data presented in this chapter add to the existing 
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evidence that large numbers of dogs suffering from acute thoracolumbar intervertebral disc 

extrusions can recover ambulation within 12 weeks of the original injury without surgical 

intervention.  In our population 96.1% (95% CI 86.8-98.9%) of deep pain positive dogs and 

62.5% (95% CI 38.6-81.5%) of deep pain negative dogs, confirmed to have an intervertebral 

disc extrusion (i.e. per protocol), recovered ambulation. The median times to ambulation 

were also relatively rapid (11 and 25 days respectively), although exhibited a large range.  All 

dogs who recovered also regained urinary continence at a similar time point to recovery of 

ambulation, and none appeared to suffer from persistent back pain.  Three dogs did suffer 

recurrence of signs within the 12-week study period, but MRI confirmed that this was due to 

a second extrusion at a different site.  We also assessed clinical and neurological examination 

findings for correlation with clinical severity and outcome but found no meaningful 

correlations. 

 

Previous reports and systematic reviews had reported a favourable prognosis for deep pain 

positive dogs managed conservatively, which is corroborated here, however, the recovery rate 

reported in this study is slightly higher than previously described (Freeman & Jeffery 2017; 

Langerhuus & Miles 2017).  This is surprising given that most previous reports have also 

included dogs who were ambulatory on presentation and would therefore be expected to have 

a superior prognosis.  The outcomes for deep pain negative dogs were also substantially 

better than previous reports with two recent systematic reviews reporting overall recovery 

rates of 27% and 10% respectively (Freeman & Jeffery 2017; Langerhuus & Miles 2017), 

although one previous study did report a recovery rate of 60% (Joaquim et al. 2010) which is 

similar to the per protocol recovery rate reported here. This could be because many of the 

previous reports were retrospective and therefore the reasons why dogs were assigned to 

conservative management or details regarding the excluded populations are unclear.  This 

could lead to a significant selection bias making the results difficult to generalise to a wider 

population.  Another possible reason is that in some studies dogs were redirected to surgical 

management after four weeks if they had not recovered ambulation (Levine et al. 2007).  

Within this dataset several dogs recovered more than 28 days after presentation, especially in 

the deep pain negative cohort, and in such circumstances would have been classified as not 

recovering when in fact they could have recovered if given more time.   

 

Another possible reason for the disparity in outcomes could be the time to presentation. In 

this study our median time to presentation was 5 (DPP) and 4 (DPN) days respectively which 
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is likely to be longer than a majority of cases seen at referral hospitals and reported in the 

current literature.  This could explain why no dogs deteriorated to deep pain negative status, 

since anecdotally, most dogs who progress to being deep pain negative will do so within this 

time frame.  This does also open the possibility that several of our deep pain positive cohort 

could have been deep pain negative prior to presentation and simply recovered nociception.  

Interestingly three dogs included as deep pain positive had been described as being deep pain 

negative when they initially presented to a different ECVN diplomate adding credence to this 

idea and inclusion of these dogs in the deep pain negative group would have made our 

recovery rate even higher.  Instead these three dogs were included in our study as deep pain 

positive and went on to recover, thereby reducing the number of positive outcomes in our 

deep pain negative cohort.  These three dogs also recovered comparatively quickly, which is 

unsurprising given how rapidly deep pain perception appeared to return, and this will have 

artificially elongated the median deep pain negative recovery time. It is also possible that 

rapid decompressive surgery could have prevented some of our deep pain negative cohort 

from losing nociception (Martin et al. 2020), although the efficacy of decompression in 

halting clinical progression is still yet to be proven as is its overall effect on outcome. 

  

The median time to recovery in this study does not align with that described previously for 

dogs managed conservatively.  The median time to recovery for deep pain positive dogs was 

not disimilar to that reported by Han et al. (2010) (18 days) but did differ substantially from 

others which reported recovery times of 63 days for grade 3 and 84 for grade 4 (Langerhuus 

& Miles 2017).  This was not repeated for the deep pain negative cohort whose recovery time 

(25 days) is slightly longer than the 18 days described in Langerhuus and Miles (2017) meta-

analysis.  Despite the disparity in reports, all previous studies have also shown a wide range 

of recovery times which is also seen in this data set.  This in itself is an important finding, 

since many dogs in the past have been determined to have not recovered after a relatively 

short time period, but the results here should justify giving a more protracted period of 

recovery time where possible.  It is important, however, to account for the ongoing urinary 

incontinence in dogs who are non-ambulatory for a more protracted time period which may, 

for many owners, present a significant challenge.   

 

It is also difficult to place much emphasis on the disparity in recovery times between this and 

other studies since the definition of recovery differs between studies, with some using 

improvement in neurological grade and others exclusively relying upon owner reported 
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recovery of ambulation with no minimum step cycles or distance.  This disparity and the 

subjective nature of the measurements makes comparison between studies difficult, and little 

meaningful conclusions can therefore be drawn from the difference in recovery times.  This 

could be overcome in the future by using validated measures of recovery such as the recently 

reported 50 step cycles (Rosen et al. 2022) which is less subjective and capable of observing 

subtle difference more successfully.  Similarly open field scores could also be used as 

previously described (Olby et al. 2001; Tarlov & Klinger 1954). Equally it is still reasonable 

to use pragmatic measurements (Jeffery et al. 2020b) such as 10 step cycles as for many 

owners the ability to ambulate is the main focus and not the severity of the residual deficits.   

 

The rate of myelomalacia described here for deep pain negative dogs (33.3%) was higher 

than reported previously for breeds other than French bulldogs (Aikawa et al. 2014), 

however, the confidence interval does overlap with previous reports (Balducci et al. 2017; 

Castel et al. 2019; Gilmour et al. 2017; Okada et al. 2010; Takahashi et al. 2020) and this had 

not previously been reported for cohorts of exclusively conservatively managed dogs, so 

direct comparison with other studies is difficult.  The rate described here could be higher 

because many of these dogs would normally have been euthanised before the onset of 

myelomalacia due to being deep pain negative and being perceived to have a poor prognosis.  

This is partuclarly relevant since other studies reported per protocol outcomes and not 

outcomes based on the intention to treat. It may therefore be more practical to compare the 

per protocol proportion of myelomalacia which in this study was 12.5%, a value which is 

very to similar to that previously reported for dachsunds (Aikawa et al. 2014). Another 

possible reason for the disparity in values could be due to the small numbers described in this 

and other studies.  This would be supported by the very wide confidence intervals, and were 

confidence intervals to be applied to previous studies, it is likely that they too would be very 

broad and would overlap substantially with ours.  Finally it is possible that decompressive 

surgery reduces the rate of myelomalacia but given the small numbers, the evidence that 

markers of the contusive injury correlate with progression to myelomalacia (Gilmour et al. 

2017), and evidence that durotomy may halt or prevent myelomalacia (Hirano et al. 2020; 

Takahashi et al. 2020), it is not yet possible to support this conclusion.   

 

One of the other aims of this study was to investigate the correlation of clinical and 

neurological signs with progression to deep pain negative status, progression to 

myelomalacia, outcome and time to ambulation.  Previous reports have failed to identify a 
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consistent correlation between rate of onset of signs and outcome (Ito et al. 2005; Laitinen & 

Puerto 2005; Olby et al. 2003; Scott & Mckee 1999).  In this study it was not possible to 

compare rate of onset with outcome for deep pain positive dogs due to the lack of a 

comparison group but it was not associated with outcome for deep pain negative dogs nor 

was it associated with deep pain negative status. Rate of onset had also been tentatively 

suggested as a predictor of myelomalacia (Balducci et al. 2017) which was not corroborated 

here.  We also failed to identify a correlation with age, body weight or body condition score 

and outcome.  Furthermore, we failed to demonstrate an association with onset, age, body 

weight or body condition score with time to ambulation which is in contrast to the correlation 

between age and body weight found by Olby et al. (2003).  Our data also failed to find a 

significant correlation between these factors and progression to myelomalacia, and although a 

significant difference was found for age and weight, and progression to deep pain negative 

status this is likely due to the greater spread of values for deep pain positive dogs and not a 

true difference. 

 

It is also interesting to note that this study will have sampled a different demographic to most 

studies into non-ambulatory dogs with disc extrusions.  Since most studies are undertaken at 

referral hospitals there is a selection bias for dogs with owners who can afford referral which 

may not be representative of the total population.  Here we have specifically included only 

dogs whose owners were unable to afford 3D imaging and surgical decompression and so 

many of these dogs would otherwise not have presented to a referral centre and therefore 

would be absent from most data sets.  We were also able to recruit from a large geographical 

region which is unlikely to be true of most referral centres.  Of course, our inclusion criteria 

will also have led to a selection bias but the nature of that bias differs from most previous 

studies which makes it very difficult to make direct comparisons.  Despite this selection bias 

our population appears to be relatively consistent with most studies, having recruited a large 

proportion of middle aged dogs and especially dachshunds.  This does, however, make 

applying these results to other breeds challenging as this population is overwhelmingly made 

up of dachshunds.  We also had to exclude french bulldogs and so results may not be 

generalisable to this breed.   

 

The major limitation of this study is the low numbers of deep pain negative dogs.  

Unfortunately this is inevitable in a prospective study such as this but does mean the 

confidence intervals reported are quite wide and any statistical tests will have been 
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underpowered to find associations with small or medium effect sizes.  This will also increase 

the risk of type 1 errors which may be why we found a significant association of age and 

weight with progression to deep pain negative status. Throughout this has been mitigated by 

visualising the data and limiting the number of statistical tests performed.   

 

3.4 Conclusions 

Here I have presented data on the outcome of conservatively managed non-ambulatory dogs 

with thoracolumbar disc extrusions.  The data adds to the existing evidence that a substantial 

proportion of dogs will recover including many of those who are deep pain negative.  Time to 

ambulation varied greatly and was longer for those who were deep pain negative but perhaps 

the most important finding is that dogs who do not recover quickly can still regain 

ambulation within 12 weeks.  Unfortunately the rate of myelomalacia was higher than 

previously reported but the small numbers included have resulted in a very wide confidence 

interval which does overlap with past reports, and the per protocol values are similar to those 

reported previously.  We also failed to find any significant association with age, body weight, 

body condition score and onset with outcome, time to ambulation, progression to deep pain 

negative or progression to myelomalacia but these results should be interpreted with caution 

given the low case numbers, especially in the deep pain negative cohort. 
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4. Reliability Study Results 

4.1 Introduction 

As discussed in chapter 1.1 the advent of multiplanar imaging, and especially MRI, has not 

only allowed intervertebral disc extrusions to be more easily differentiated from other forms 

of intervertebral disc disease, but has also allowed greater accuracy in identifying the 

location, lateralisation and craniocaudal extension of extruded disc material which is vital for 

surgical planning.  Another potential advantage of multiplanar imaging is the possibility to 

quantify imaging features and in turn investigate their correlation with clinical signs and/ or 

prognosis which could lead to more informed clinical decision making and new avenues for 

research. 

 

There are many MRI features of canine IVDE which have been quantified but perhaps the 

most studied are measures of compression.  One of the simplest and most commonly used in 

everyday clinical practice is subjectively categorising compression as mild (<25%), moderate 

(25-50%) and severe (50%) (Mai 2018). This has the advantage of being quick and easy to 

perform but is subjective and in applying such broad categories the true spread of data is lost.  

Other techniques involved dorsoventral and craniocaudal measurements of compressive 

material on midline sagittal images (Besalti et al. 2005), but this is unlikely to be an accurate 

estimation of compression since extrusions are commonly lateralised, and images intended to 

be midline may be parasagittal.  Similar dorsoventral measurements of the compressed cord 

compared to uncompressed cord one articulation cranial on midline sagittal slices have been 

suggested but these have similar (Levine et al. 2009) issues and fail to account for the very 

variable and sometimes extensive spinal cord swelling.  It may be possible to overcome such 

problems by using transverse images. For example, one study used graph paper to estimate 

cross sectional diameter relative to uncompressed cord one articulation cranial on T2 

transverse sequences and Ryan et al (2009) used a similar method but used computer 

software to outline the cord at the site of maximum compression and a normal site cranial. 

Whilst these measures will have accounted for lateralisation of the extruded material, they do 

not consider the impact of spinal cord swelling. Volumetric analysis of compressive material 

has also been used, however, this analysis was on CT and not MR images (Sakaguchi et al. 

2023).   
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Similar to canine thoracolumbar IVDE, several techniques for measuring intervertebral disc 

herniations exist in humans.  One of the most common techniques is to measure 

anteroposterior length (equivalent to dorsoventral in dogs) of herniated disc material, the 

dural sac and the vertebral canal on axial (transverse) images using the callipers available on 

imaging software (Carragee & Kim 1997; En’Wezoh et al. 2017; Haig et al. 2002; Lurie et 

al. 2008; Pneumaticos et al. 2010, 2000).   Whilst this method is widely used, some studies 

have shown limited reliability (Gupta et al. 2020; Lurie et al. 2008), with one study showing 

an intraclass correlation coefficient as low as 0.35 (Lurie et al. 2008). Another commonly 

used technique is to measure the cross-sectional area of herniated disc material, the dural sac 

and the vertebral canal.  This has been done in several studies using either graph paper (Dora 

et al. 2002), counting pixels and using a correction equation (Carlisle et al. 2005), or by using 

the inbuilt cross-sectional area tools of imaging software (Autio et al. 2006; Carragee & Kim 

1997; Haig et al. 2002; Lurie et al. 2008; Pneumaticos et al. 2010, 2000) and has been shown 

to be more reliable than anteroposterior length (Gupta et al. 2020; Lurie et al. 2008).  

 

Despite the extensive research, there remains no consensus on the technique for quantifying 

disc herniations in human or veterinary species and, to date, no veterinary measures have 

undergone any form of verification or validation process (Besalti et al. 2005; da Costa et al. 

2020; Penning et al. 2006; Sukhiani et al. 1996).  Ideally, prior to use, any imaging 

measurement should undergo a process of “validation”, meaning it meets the specific 

requirements for its intended use. This would usually entail thorough analysis to ensure the 

technique measures what it is supposed to be (accuracy), repeated measures yield similar 

results (precision) and that small changes to testing conditions do not have a large effect on 

the results (robustness).  If the technique is intended to be used by multiple users or the same 

user over a prolonged time period, then it is also ideal to perform some form of agreement 

testing.  This kind of verification process invariably leads to consensus around a “gold 

standard” or benchmark.  This is not a perfect test but simply the best available.  Dependent 

on the intended use this may mean the most accurate, precise, and/ or robust but some may be 

sacrificed for specific functions.  Knowing these parameters also allows newer techniques to 

be measured against this defined benchmark and if they are superior, then they are accepted 

as the new standard.  

 

Unfortunately, there is no gold standard measurement technique for measuring spinal 

compression, in part because it is not possible to objectively ensure measurements of 
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compression are accurate. Compression can only be visualised via surgery or post mortem, 

both of which irrevocably alter the anatomy, and intraoperative impression is known to not be 

reliable (Naude et al. 2008; Tirrito et al. 2020).  Furthermore, none of the currently described 

techniques have undergone a validation and verification process and therefore the 

measurement error is not known and cannot be compared the technique utilised in this study.  

In the absence of either a gold standard measurement or a known quantity, we must instead 

rely on precision (values are consistently close to each other) and robustness.  Testing for 

precision and robustness can take many forms dependent on the intended use of the measure 

but often includes testing for agreement (intra and interobserver) which allows assessment of 

the repeatability of the measurement within and between observers or time points, and how it 

is affected by changes in testing conditions. 

 

Commonly used techniques for testing agreement include intraclass correlation coefficient 

(ICC), Bland-Altman plots and analysis, and rank analysis such as Kendall’s tau.  Whilst ICC 

rank analysis are easier to interpret since they give a single value for correlation or 

agreement, and values have been described to grade the agreement with values closer to 1 

being preferable, they do not provide an absolute estimate of the difference between the 

measures (the bias).  ICC is also highly sensitive to the variance of the measurements and 

potentially gives higher coefficients for populations with greater variance.  Rank analysis is 

similarly easy to interpret but only provides a value for whether the subjects were ranked 

similarly and not the bias.  These limitations can all be overcome using Bland-Altman plots 

and analysis.  This provides an absolute value for the bias as well as upper and lower limits of 

agreement. It is also possible to plot the differences as percentages to ascertain whether the 

absolute error was consistent across the full range of values.  Bland-Altman does, however, 

require a clinical judgement to be made as to whether the bias and limits of agreement are 

acceptable for the intended use making it much more challenging to interpret.  

 

Given the lack of a validated measure of spinal cord compression and the requirement for 

compression to be measured in the study described in Chapter 2.1, the objective of this study 

was to validate the technique for measuring compression described in Chapter 2.1.5 and to 

provide data on the measurement error and bias which could then aid in the interpretation of 

the data presented in Chapter 5.  The intended use was to investigate the relationship between 

compression, clinical severity and outcome, and to directly compare compression in the same 

individuals at 0 and 12 weeks.  For this reason, intra-observer agreement was tested over 
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three time points. Since only one reviewer was intended to measure the MR images for 

studies described in chapter 2.1, no interobserver agreement was performed.   

 

4.2 Results 

4.2.1 Population 

A total of 74 dogs met the inclusion criteria of having a low field MRI of the thoracolumbar 

or lumbar vertebral column consistent with an intervertebral disc extrusion.  The most 

common breeds were miniature dachshund (n=41), french bulldog (n=12) and crossbreed 

(n=5).  42/74 were male (33 neutered) and 32/74 were female (25 neutered).  The median age 

was 60 months (IQR 48-79 months), the median weight was 7.4kg (IQR 5.5-11.7kg) and the 

median body condition score was 6/9 (IQR 5-7/9).  The most common sites of extrusion were 

T12-13 (n=24) and T13-L1 (n=14).  

 

4.2.2 Vertebral Canal Measurements 

Figure 14 shows Bland-Altman and scatter plots with 95% confidence intervals for the first 

and second measurements of the vertebral canal.  Bland-Altman plots are provided with 

means plotted against absolute and percentage differences.  Bland-Altman analysis showed a 

mean difference of -0.12cm"  (95% CI -0.37 - 0.14cm"), an upper limit of agreement of 

2.06cm"  (95% CI 1.61 - 2.50cm") and a lower limit of agreement of -2.29cm"  (95% CI -2.73 - 

-1.84cm").  When the differences are plotted as a percentage the error does not appear 

uniform across the range of measures but instead the error is greater when the mean 

measurement is smaller suggesting that the absolute error was relatively constant across the 

range of measures. 
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FIGURE 14 COMPARISON OF MEASUREMENTS 1 AND 2 OF THE VERTEBRAL CANAL USING BLAND-ALTMAN PLOT OF ABSOLUTE (A) 

AND PERCENTAGE (B) DIFFERENCES, AND CORRELATION PLOT (C) 

Comparison of the first and third measurements (Figure 15) showed a mean difference of -

0.20cm"  (95% CI -0.44 – 0.04cm"). The upper limit of agreement was 1.83cm"  (95% CI 1.83 

- 2.24cm") and the lower limit of agreement was -2.23cm"  (95% CI -2.73 - -1.84cm").  Again, 

the percentage difference was not uniform across the range of measures.   

 

 
FIGURE 15 COMPARISON OF MEASUREMENTS 1 AND 3 OF THE VERTEBRAL CANAL USING BLAND-ALTMAN PLOT OF ABSOLUTE (A) 

AND PERCENTAGE (B) DIFFERENCES, AND CORRELATION PLOT (C) 
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Analysis of the second and third measurements (Figure 16) showed a mean difference of -

0.09cm"  (95% CI -0.26 – 0.09cm"). The upper limit of agreement was 1.40cm"  (95% CI 1.09 

– 1.70cm") and the lower limit of agreement was -1.57cm"  (95% CI -2.73 - -1.84cm").  

Again, when the difference is plotted as a percentage the error was not uniform across the 

range of measures. 

 
FIGURE 16 COMPARISON OF MEASUREMENTS 2 AND 3 OF THE VERTEBRAL CANAL USING BLAND-ALTMAN PLOT OF ABSOLUTE (A) 

AND PERCENTAGE (B) DIFFERENCES, AND CORRELATION PLOT (C) 

 

The intraclass correlation coefficient for the three measurements was 0.997 (95% CI 0.996-

0.998) demonstrating excellent agreement across time points. 

 

4.2.3 Compressive Material Measurements 

Bland-Altman analysis for the first and second measurements (Figure 17) of the compressive 

material showed a mean difference of 0.26cm"  (95% CI 0.05 - 0.46cm"), an upper limit of 

agreement of 1.99cm"  (95% CI 1.63 - 2.34cm") and a lower limit of agreement of -1.47cm"  

(95% CI -1.82 - -1.12cm").  When the differences are plotted as a percentage the error does 

not appear uniform across the range of measures. 
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FIGURE 17 COMPARISON OF MEASUREMENTS 1 AND 2 OF THE COMPRESSIVE MATERIAL USING BLAND-ALTMAN PLOT OF ABSOLUTE 

(A) AND PERCENTAGE (B) DIFFERENCES, AND CORRELATION PLOT (C) 

Comparison of the first and third measurements (Figure 18) showed a mean difference of 

0.07cm"  (95% CI -0.08 – 0.22cm"). The upper limit of agreement was 1.37cm"  (95% CI 1.10 

- 1.63cm") and the lower limit of agreement was -1.23cm"  (95% CI -1.49 - -0.96cm").  Again, 

the percentage difference was not consistent across the range of measures.   

 

 
FIGURE 18 COMPARISON OF MEASUREMENTS 1 AND 3 OF THE COMPRESSIVE MATERIAL USING BLAND-ALTMAN PLOT OF ABSOLUTE 

(A) AND PERCENTAGE (B) DIFFERENCES, AND CORRELATION PLOT (C) 
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Analysis of the second and third measurements (Figure 19) showed a mean difference of -

0.19cm"  (95% CI -0.34 – -0.04cm"). The upper limit of agreement was 1.06cm"  (95% CI 0.81 

– 1.32cm") and the lower limit of agreement was -1.44cm"  (95% CI -1.69 - -1.18cm").  

Again, the percentage difference was greatest for smaller mean values. 

 

 
FIGURE 19 COMPARISON OF MEASUREMENTS 2 AND 3 OF THE COMPRESSIVE MATERIAL USING BLAND-ALTMAN PLOT OF ABSOLUTE 

(A) AND PERCENTAGE (B) DIFFERENCES, AND CORRELATION PLOT (C) 

 

The intraclass correlation coefficient for the three measurements was 0.995 (95% CI 0.993-

0.997) demonstrating excellent agreement across time points. 

 

4.2.4 Compressive Material: Vertebral Canal Ratio 

Bland-Altman analysis for the first and second measurements (Figure 20) of the compressive 

material showed a mean difference of 0.009 (95% CI 0.004 - 0.015), an upper limit of 

agreement of 0.055 (95% CI 0.046 - 0.064) and a lower limit of agreement of -0.036 (95% CI 

-0.045 - -0.027).  When the differences are plotted as a percentage the error does not appear 

uniform across the range of measures. 
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FIGURE 20 COMPARISON OF MEASUREMENTS 1 AND 2 OF THE COMPRESSIVE MATERIAL: VERTEBRAL CANAL RATIO USING BLAND-

ALTMAN PLOT OF ABSOLUTE (A) AND PERCENTAGE (B) DIFFERENCES, AND CORRELATION PLOT (C) 

Bland-Altman analysis for the first and third measurements (Figure 21) of the compressive 

material showed a mean difference of 0.005 (95% CI <0.001 - 0.010), an upper limit of 

agreement of 0.043 (95% CI 0.035 - 0.051) and a lower limit of agreement of -0.033 (95% CI 

-0.041 - -0.025).  When the differences are plotted as a percentage the error does not appear 

uniform across the range of measures. 

 
FIGURE 21 COMPARISON OF MEASUREMENTS 1 AND 2 OF THE COMPRESSIVE MATERIAL: VERTEBRAL CANAL RATIO USING BLAND-

ALTMAN PLOT OF ABSOLUTE (A) AND PERCENTAGE (B) DIFFERENCES, AND CORRELATION PLOT (C) 
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Bland-Altman analysis for the second and third measurements (Figure 22) of the compressive 

material showed a mean difference of -0.004 (95% CI -0.008 - <0.001), an upper limit of 

agreement of 0.026 (95% CI 0.020 - 0.032) and a lower limit of agreement of -0.035 (95% CI 

-0.041 - -0.029).  When the differences are plotted as a percentage the error does not appear 

uniform across the range of measures. 

 

 
FIGURE 22 COMPARISON OF MEASUREMENTS 1 AND 2 OF THE COMPRESSIVE MATERIAL: VERTEBRAL CANAL RATIO USING BLAND-

ALTMAN PLOT OF ABSOLUTE (A) AND PERCENTAGE (B) DIFFERENCES, AND CORRELATION PLOT (C) 

 

The intraclass correlation coefficient for the three measurements was 0.993 (95% CI 0.989-

0.995) demonstrating excellent agreement across time points. 

 

4.3 Discussion 

The analysis presented here showed the mean error, and upper and lower limits of agreement 

in the vertebral canal cross sectional area to be -0.12cm" , 2.06cm"  and -2.29cm" , 0.20cm" , 

1.83cm"  and -2.23cm" , and 0.09cm" , 1.40cm"  and -1.57cm"  respectively.  Given that no 

previous standards have been outlined for measurements of the vertebral canal it is not 

possible to objectively determine if these values are adequate for their intended use but 

instead judgement based upon clinical experience is required.  Subjectively, the mean error 

appears to be minimal, as are the upper and lower limits of agreement, with very few points 

lying more than 2 standard deviations from the mean error or with greater than 5% error.  
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Despite this, where the absolute values are to be utilised, users should be conscious of this 

potential measurement error.  A similar pattern is found in the mean error, and upper and 

lower limits of agreement in the cross-sectional area of the compressive material with mean 

differences were 0.26cm" , 0.07cm"  and 0.19cm"  respectively.  These are subjectively small, 

and the limits of agreement are quite close (-1.47-1.99cm" , -1.23-1.37cm"  and -1.44-1.06cm") 

with fewer than 5 points being beyond 10% agreement in each comparison.   For both 

measurement types this is supported by the ICC which showed excellent agreement in both 

cases (0.995 and 0.997 respectively) 

 

The repeatability of the derived ratios are similar, with relatively minimal bias and the limits 

of agreement are quite narrow.  Here, there was the potential for the error in each 

measurement used to derive the ratio to be additive creating a much larger error, and for some 

points this appears to be true, however, the overall agreement seems to be very good with no 

more than 7 points with greater than 10% error.  Again, this is supported by the ICC (0.993). 

 

These results also appear to suggest that measurements became more repeatable with practice 

since comparison measures two and three had the narrowest limits of agreement for both 

vertebral canal and compressive material measures, and the lowest mean difference for 

vertebral canal area.  This is not as expected, since time should logically increase the error 

but could be explained by increased experience of the observer over the time period and 

therefore greater confidence with the technique. This technique was new to the observer who 

had minimal prior experience measuring MR images and therefore had little confidence 

viewing images and using imaging software.  This is important as it suggests that the 

experience of the observer and/ or training could affect results. The exact impact of 

experience could not be determined from this study, nor was it required for use in the context 

of the study described in chapter 2.1 but, were this technique to be adopted more widely, 

investigation of the potential impact of experience would be warranted.  

 

On the Bland-Altman plots presented, the absolute error was reasonably consistent across the 

range of measurements which is supported by the consistent linear relationship between 

measures.  This inevitably leads to a greater percentage error in smaller measurements as 

shown by the percentage error plots and implies that a certain error is inherent within the 

measurement technique.  This error could be the result of the resolution and/ or contrast of 

MR images, the resolution of the screen used to review the images or inherent within the 
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measurement software.  Since the measurement technique had to reflect the technique used in 

the other chapters, no changes were made to the protocol to try to limit them, but future 

studies could consider using high field MRI, gadolinium-based contrast and/ or higher 

resolution computer screens to minimise this error.  Regardless of the cause, the measurement 

error may be more clinically significant when measuring smaller vertebral canals or 

extrusions and so care should be taken when interpreting these measurements. 

 

It is possible that the measurements were precise but not accurate, since no gold standard 

measurement is available for comparison.  This seems unlikely since the agreement remained 

excellent even when remeasured 3 months later and the likelihood of repeating an identical 

mistake when blinded and significant time has passed is low.  It is also not possible to 

overcome this limitation as there is no accepted standard with which to compare these 

measures and so we must make do with a precise measure but be cognizant that accuracy 

could not be assessed. 

 

To assess intra-observer agreement and therefore repeatability, Bland-Altman plots and 

analysis were used and augmented with the more commonly used intraclass correlation 

coefficients (ICC).  Whilst interpretation of ICC alone could be simpler, especially if using a 

cut off value such as the one suggested by Burdock et al., it is highly sensitive to the variance 

of the measures, with higher values being given to populations with greater heterogeneity 

than more homogenous ones (Costa-Santos et al. 2011).  It also does not give a clear 

indication of the absolute difference in the measures which may be important if a technique is 

applied to a new scenario, or the end goal is to develop a threshold measurement to guide 

treatment.  Both limitations are overcome by using Bland-Altman limits of agreement.  

Although this is more challenging to interpret as it requires a clinical decision to be made 

regarding the acceptable limits of agreement, it has the advantage of being able to visualise 

how absolute and percentage error change over the range of the population. This allows 

potential users of the measurement technique to assess whether it is appropriate for their 

specific population.  For example, if the subject population were specifically those with 

minimal spinal cord compression secondary to thoracolumbar disc extrusion, then this 

technique may not be appropriate as the percentage error may be too great.   

 

One of the major limitations of this data is the use of a single observer, and therefore the risk 

for observer bias, which is likely to affect the external validity of the data since it is 
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impossible to predict how different observers of differing experience levels would compare.  

It may also increase the risk of the measurements being precise but not accurate although this 

is unlikely given the repeatability when the single of observer was blinded and repeated 

measurements after a protracted time period.  It is important to note, however, that this does 

not affect the internal validity and how this applies to Chapter 5 as the same observer was 

used for the measurements described in both chapters.  Since the intended use of this data 

were to provide estimates of error and therefore aid with the interpretation of the data 

provided in Chapter 5, this limitation is unlikely to have to have a significant impact upon 

their interpretation but if this measurement technique is to be applied more widely, 

investigation into interobserver agreement would be warranted.   

 

Another limitation is the use of 2D cross sectional area and not volume measurements.  

Although 2D measurements are commonly used and are theoretically capable of estimating 

maximal compression, they are likely to be affected by slicing and do not provide any 

information about how focal a compression is, which may be highly relevant (Funkquist 

1962). Of course, 3D measurements are also limited by slicing on MRI but by combining 

estimates of maximal compression and 3D volume it may be possible to provide a more 

accurate estimation of spinal cord compression.  The impact of slicing could also be reduced 

by using thinner slices which could be facilitated by using high field MRI without overly 

increasing scanning times.  High field MRI would also increase the resolution of the images 

and therefore reduce the inherent systematic error too which could then be combined with an 

AI model to further reduce systematic error.   

 

4.3.4 Conclusion 

Here I have presented data demonstrating the intra-observer repeatability of measuring the 

cross-sectional area of compressive material, the vertebral canal and compressive 

material:vertebral canal ratio over time.  This is the first time any veterinary measures of 

spinal cord compression have undergone a process of validation which is especially 

significant when we consider how often the effect of compression has been investigated and 

this should allow future users to be more cognizant of the likely error in these measurements.  

Future users should also be conscious of the inherent error within the measurement technique 

and the potential impact this has on smaller measurements. 
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5. Change in Compression 

5.1 Introduction 

Whilst we know that signs associated with intervertebral disc extrusion are caused by a 

combination of a contusive and compression insult, the natural history of the compression is 

not currently known, nor is its role in recovery of ambulation.  There are numerous reports of 

successful conservative management in dogs with severe neurological signs but these reports 

have generally lacked repeat imaging (Davies & Sharp 1983; Funkquist 1978; Joaquim et al. 

2010; Levine et al. 2007; Mann et al. 2007; Olsson 1951) and so the fate of the extruded disc 

material was unknown.  Anecdotally it is considered that large disc extrusions are unlikely to 

adequately regress within a short enough time frame to be relevant for recovery, and this is 

therefore used a justification for surgical intervention even in the absence of severe signs.  It 

was therefore assumed that dogs recovered medically did so due to resolution of swelling and 

spinal cord plasticity, however, regression of extruded disc material has been described 

extensively in humans and more recently in a small number of dogs with cervical (Argent et 

al. 2019; Raimondi et al. 2017) and lumbar disc extrusions (Khan et al. 2022; Steffen et al. 

2014).  Despite this little is known about the rate and extent of regression in dogs and how 

necessary it is for recovery.  

 

Spontaneous regression of lumbar disc extrusions has been extensively documented in 

humans and is known to show wide variation in rate and extent (Autio et al. 2006; Chiu et al. 

2015; Guinto et al. 1984; Saal et al. 1990).  Whilst its relationship with resolution of clinical 

signs is unclear (Komori et al. 1996) there has been extensive research into which extrusions 

are most likely to regress.  Sequestered disc extrusions, where the extruded nucleus is 

separated from the residual nucleus, appear to regress most readily with one systematic 

review reporting 96% regressed and 43% completely resolved (Chiu et al. 2015).  They are 

also reported to regress more rapidly than other types of herniation.  This may be of particular 

relevance since sequestered extrusions most closely resemble canine disc extrusions.  

Furthermore, discs which had migrated and those which crossed the posterior longitudinal 

ligament were also more likely to regress (Ahn et al. 2000; Autio et al. 2006; Komori et al. 

1998), a finding which is common in canine IVDE.  Some studies also suggested that larger 

disc extrusions may be more likely to regress but this was not supported by others (Ahn et al. 

2000; Bozzao et al. 1992; Ellenberg et al. 1993; Maigne et al. 1992; Masui et al. 2005; 

Matsubara et al. 1995).  There have also been investigations into contrast enhancement and 
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T2 signal intensity which found a higher T2 signal intensity and greater degree of contrast 

enhancement to be associated with regression (Autio et al. 2006; Komori et al. 1998).   

 

The exact mechanism by which the body removes extruded nucleus pulposus from the 

vertebral canal is not known, but three hypotheses have been proposed in humans.  These are 

retraction back into the intervertebral disc through the disrupted annulus (Bozzao et al. 1992; 

Lindblom & Hultqvist 1950; Teplick & Haskin 1985), dehydration and desiccation (Slavin et 

al. 2001), and neovascularisation and subsequent phagocytosis (Arai et al., 2000; Ikeda et al., 

1996; Haro et al., 2007; Yasuma et al., 1993). In dogs, extrusions are also commonly found 

to be associated with variable volumes of haemorrhage which is likely to regress rapidly.  

Theoretically regression back through the annulus is possible when the extruded portion of 

nucleus is not separated from the remaining, in situ, portion but is unlikely to play a role in 

canine extrusions since they more closely resemble human sequestered discs where the 

extruded and non-extruded nucleus are not in contact.  Of the remaining two theories it is 

possible that both play a role. This would be supported by the variable degrees of hydration 

seen on MRI and clinically during surgery as well as the evidence in humans, that contrast 

enhancement is correlated with both the regression seen on imaging and the degree of 

neovascularisation seen on histopathology (Haro et al. 1996; Komori et al. 1998).   

 

In humans, regression of herniated material often occurs in conjunction with improvement in 

clinical signs but the exact relationship between the two is unclear (Komori et al. 1996).  

Both reports of lumbar disc extrusions regressing in dogs also reported an improvement in 

clinical signs (Khan et al. 2022; Steffen et al. 2014), but it is unclear whether the resolution 

of neurological signs was related to the regression of the extruded material and subsequent 

decompression of the spinal cord, or whether clinical recovery occurred independently of 

spontaneous decompression.  In both cases recovery occurred relatively rapidly, whilst the 

follow-up MRI was later, and so regression could have occurred after the resolution of signs. 

It is of course possible that combination of reduction in swelling, neuroplasticity and the 

removal of material was responsible for clinical improvement in these cases, but it poses the 

question of whether decompression, surgical or otherwise, is important for clinical recovery.  
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5.2 Results 

From the 95 dogs who met the initial inclusion criteria 63 underwent two MRIs 

approximately 12 weeks apart.  The most common breed was miniature dachshund (n=49) 

followed by standard dachshund (n=5) and crossbreed (n=5).  In total 35 were female (26 

neutered) and 28 were male (17 neutered).  The median age was 61 months (IQR 57.5-82.5), 

and the median weight was 6.5kg (IQR 5.5-7.8). The most frequent sites of extrusion were 

T13-L1 (n=17) and T12-13 (n=15).  On presentation 50 were deep pain positive and 13 were 

deep pain negative.  58 dogs recovered ambulation and 5 did not (1 deep pain positive, 4 deep 

pain negative). 

 

A paired t-test showed that the mean percentage compression on initial MRI (52.9%) was 

significantly greater than on repeat MRI (27.2%) (t=9.3, df=61, p<0.001) (Figure 23), 

including some individuals who showed near complete resolution of their spinal cord 

compression and some who showed little to no change in compression (Figure 24).   

 

 
FIGURE 23 A SCATTER PLOT, BOX PLOT AND RAINCLOUD PLOT SHOWING COMPRESSION VISIBLE ON INITIAL AND REPEAT IMAGING. 
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FIGURE 24 TRANSVERSE T2 WEIGHTED IMAGES SHOWING NEAR COMPLETE REGRESSION OF EXTRADURAL COMPRESSIVE MATERIAL 

BETWEEN 0 (A) AND 12 WEEKS (B) AND LITTLE TO NO CHANGE (C AND D) 

 
The mean reduction in compression was 25.5% (SD 21.6) (Table 1), however, there were 

some individuals whose percentage compression remained unchanged or even increased 

(Figure 24). 

 

 Change in Compression (%) 

Mean 25.5% 

Median 22.8% 

Interquartile Range 7.3 - 38.8% 

Standard Deviation 21.6% 

Range -18.6 - 69.1% 
TABLE 9 CHANGE IN COMPRESSION 

 
When subdivided by outcome, the same pattern was repeated for both those who recovered 

and those who did not.  In both groups the general trend was for a reduction in percentage 

compression with some showing almost complete regression of extruded material and some 

remaining unchanged (Figure 25).  When comparing the mean change in compression (initial 

% – repeat %) between those who recovered and those who did not, a students t-test showed 

that mean change in percentage compression did not differ significantly between dogs who 

recovered (26.5) and those who did not (11.4) (t=-1.36, df=60, p=0.18) (Figure 26). 

 



 91 

 

 
FIGURE 25 SCATTER PLOTS, BOX PLOTS AND RAINCLOUD PLOTS SHOWING COMPRESSION VISIBLE ON INITIAL AND REPEAT IMAGING FOR 

THOSE WHO RECOVERED (A) AND THOSE WHO DID NOT (B). 

 

 

 
FIGURE 26 A COMBINED SCATTER, BOX AND RAINCLOUD PLOT OF THE REDUCTION IN COMPRESSION (INITIAL % - REPEAT %) BY 

RECOVERY OF AMBULATION. 

 

5.3 Discussion 

This study is the first to systematically report the change in compressive extradural material 

in dogs with thoracolumbar disc extrusions over a twelve-week period.  The data presented 

show that the percentage compression can reduce substantially in some dogs and may even 

show near complete resolution within this time frame.  However, there are some dogs where 

the compression shows minimal change.  Within our population a resolution of, or reduction 

in compression was not required for recovery, with some dogs showing unchanged or more 

severe compression on repeat MRI recovering.  Similarly, a lack of removal of disc material 
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was not seen in all those who failed to recover with one dog showing complete regression of 

compressive material.  Statistical analysis also showed that the magnitude of the reduction 

was not associated with recovery, although very few dogs failed to recover making this 

comparison challenging and so a type 2 error is possible. 

 

Despite previous case reports showing regression of lumbar and cervical disc extrusions in 

dogs (Argent et al. 2019; Khan et al. 2022; Steffen et al. 2014), it has been assumed that 

spinal cord compression is, to a large extent, persistent.  If this were true it could chronically 

disrupt spinal cord blood flow, with venous blood flow being most sensitive, cause a 

conduction block via alterations in ion permeability, and long-term, cause axonal loss and 

demyelination (Al-Mefty et al. 1995; Fish & Blakemore 1983; Ouyang et al. 2010; Shi & 

Blight 1996; Wright & Palmer 1969).  These sequelae could adversely affect recovery, and 

this is therefore used as a justification for surgical intervention even in the face of relatively 

mild clinical signs.  Within this data set there are several dogs whose compressions showed 

virtually complete resolution adding to the evidence that spontaneous resolution is possible 

and that a substantial proportion of dogs will remove some compressive material even in a 

short time frame. Prior to this study, it was not clear how commonly spontaneous resolution 

occurs, or the rate and extent to which the material is removed.  The data presented here 

suggests that it is relatively common but not ubiquitous amongst thoracolumbar disc 

extrusions.  A majority of dogs in our study did show some reduction in compression but the 

magnitude of the change varied widely; some dogs showed almost complete regression whilst 

some had comparatively mild reductions and overall, the mean absolute reduction in 

compression was quite modest (25.5%).  This is not surprising since human, sequestered disc 

extrusions, which are most similar to canine disc extrusions, frequently regress, and show a 

substantial variation in rate and extent of regression (Autio et al. 2006; Chiu et al. 2015).  In 

once systematic review 96% of sequestered discs showed some degree of regression but only 

43% completely regressed which is not dissimilar to the findings of this study (Chiu et al. 

2015). 

 

Although both previous reports of regression of canine lumbar disc extrusions also reported a 

resolution of clinical signs (Khan et al. 2022; Steffen et al. 2014), the link between regression 

and recovery had not previously been evaluated in dogs.  In humans, regression has not been 

consistently correlated with recovery (Komori et al. 1996), but human extrusions differ 

substantially from canine extrusions so extrapolation to dogs is not simple.  However, initial 
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compression has not been consistently correlated with clinical signs or outcome in dogs 

(Besalti et al. 2005; Levine et al. 2009; Penning et al. 2006), compression can be left after 

surgery without always affecting outcome (Huska et al. 2014; Roach et al. 2012), and time to 

surgery has not been definitively shown to affect outcome (Jeffery et al. 2016; Kazakos et al. 

2005; Martin et al. 2020; Rosen et al. 2022), suggesting that compression and therefore 

decompression may not be the main determinant of outcome in canine extrusions.  Within 

this dataset it is, however, difficult to draw conclusions regarding the relationship between 

the change in compression over time and recovery since there is a co-linear relationship 

between time, compression, and wellness.  Although it is possible to overcome this 

statistically, this study is underpowered to employ such statistical methods, and so 

conclusions cannot be drawn on the relationship between resolution of compression and 

recovery of ambulation. It is, however, clear that decompression is not required for recovery 

of function in all cases since several dogs recovered despite minimal change or increasing 

compression suggesting that recovery in these cases was the result of a resolution of swelling 

and neuroplasticity.   

 

The data presented here do not allow us to speculate on the rate of regression in dogs.  Whilst 

we have shown substantial regression within 12 weeks it is not clear at which point in the 

process a majority of this regression occurred.  In humans the rate is highly variable so it 

would be reasonable to assume the same is true in dogs.  This does mean that some of the 

dogs who showed minimal change may continue to remove compressive material in the 

future or may show no further change.  If compressive material does remain in situ long term 

it would be interesting to know the impact this has.  Previous studies have shown that mild 

compression can block conduction, disrupt myelin and potassium channels, and, long-term, 

may damage grey and white matter (Al-Mefty et al. 1995; Fish & Blakemore 1983; Ouyang 

et al. 2010; Shi & Blight 1996; Wright & Palmer 1969).  Anecdotally there are also some 

dogs managed medically whose ambulation improves but persistent back pain remains a 

problem and these dogs often respond to decompressive surgery.  Conversely, compressive 

material left behind at surgery rarely affects long term recovery (Huska et al. 2014; Roach et 

al. 2012), so it is unclear how commonly persistent compression adversely affects these dogs.   

 

In this study we did not investigate which extrusions are most likely to regress.  In humans 

the size, displacement and contrast enhancement have all been investigated for an association 

with regression with mixed results (Autio et al. 2006; Chiu et al. 2015).  Theoretically size 



 94 

and displacement could have been examined here but since recovery was independent of 

regression in our population this was considered redundant.  The additional statistical tests 

required for this analysis would also have increased the risk of a type 1 error, especially with 

the relatively small sample size, giving a not insignificant chance of erroneous conclusions. 

 

One major limitation of this study is the lack of confirmation that the compressive material 

seen is truly extruded nucleus pulposus.  In theory it is possible that a substantial proportion 

of the visible compression on MRI was haemorrhage.  However, given the signalment of the 

dogs, and the onset and progression of the clinical signs, this is unlikely.  Instead, it is much 

more likely that the compressive material is a mixture of extruded nucleus and haemorrhage 

and that both haemorrhage and nucleus were removed over the 12 weeks.  Another major 

limitation is the small sample size and especially the small number of dogs who failed to 

recover.  The majority of dogs who failed to recover in our population were suspected to have 

progressive myelomalacia and so did not have a second (12 week) MRI leaving very few who 

did not recover available for analysis making it difficult to make any definitive conclusions 

regarding the link between magnitude of resolution and outcome.   This is additionally 

compounded by the problem of collinearity which would require a substantially greater 

sample size to be able to account for.  A further limitation is the difference in slicing between 

the two MRIs and the inherent error in the measurement technique (see Chapter IV).  

Although slice thickness was kept the same between scans it is inevitable that initial and 

repeat transverse images were not precisely overlying the same point along the spine leading 

to a systematic error between initial and repeat measurements.  Since 2D cross-sectional area 

measurements were used, even a small difference in the slicing could lead to relatively large 

and unpredictable changes in measurements.  It is also important to consider that this slicing 

error is separate from the inherent measurement error described in Chapter IV, and were this 

to be added to the slicing error this could lead to quite substantial differences without there 

being any real difference.  This could be especially true if the initial compression was 

overestimated, and the subsequent measurement was underestimated.  It may also be more 

relevant for smaller measurements (see Chapter IV) as this will lead to a greater percentage 

error.  It is therefore likely that much of the change in compression we have reported, is in 

fact due to measurement error and represents minimal change in the magnitude of spinal cord 

compression.  Of course, this is unlikely to be true of those who showed near complete 

regression, but those with comparatively minimal changes probably reflect systematic 

measurement error and not true changes in compression. 
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5.4 Conclusions 

Here I have presented data on the change in spinal cord compression secondary to 

thoracolumbar disc extrusion in dogs over a 12-week period.  The data presented here add to 

the previous evidence that canine disc extrusions can regress and do so to a highly variable 

extent.  Within this population, some individuals recovered despite persistent compression, 

suggesting that decompression (spontaneous or surgical) is not required for recovery of 

ambulation in all cases, adding to the evidence that surgical decompression is not required for 

recovery, even in the face of relatively severe initial compression. It was, however, not 

possible to investigate the relationship between decompression and recovery due to 

collinearity between time, change in compression and recovery of function, a problem which 

could be overcome in future studies with a larger cohort of dogs. 
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6. MRI Prognosis 

6.1 Introduction 

The advent of 3D imaging and especially MRI has led to improvements in the diagnosis and 

classification of intervertebral disc disease in dogs.  This is particularly true of MRI which 

can provide high-resolution images of the spinal cord, extradural extruded disc material and 

the other surrounding soft tissues as well as allowing them to be more readily distinguished 

by manipulating the various imaging characteristics (da Costa et al. 2020; Tidwell et al. 

1999).  This also allows accurate identification of the lateralisation and extent of extruded 

disc material which is vital for surgical planning.  It is for these reasons MRI is considered to 

be the gold standard diagnostic tool for canine intervertebral disc extrusions. Theoretically 

this should also allow for accurate quantification of imaging characteristics associated with 

IVDE, which could then be used as prognostic biomarkers, and although many have been 

suggested most remain controversial.   

 

6.1.1 Compression 

There has been significant research into the measurement of spinal cord compression caused 

by IVDE with various measurement techniques having been suggested.  As discussed in 

Chapter IV, none of these measures have been validated which may explain why so many 

different techniques exist.  On T2 sagittal images, measurements of the craniocaudal and 

dorsoventral dispersion of the disc material have not been correlated with clinical severity or 

outcome (Besalti et al. 2005) and neither have measurements of the dorsoventral diameter of 

the spinal cord (Levine et al. 2009). This may be because extrusions are commonly 

lateralised, and images intended to be mid-sagittal may actually be parasagittal.  In theory 

transverse images would allow for more accurate estimation of compression but these have 

also not been shown to correlate with clinical severity or outcome (Penning et al. 2006).  It is 

also true that significant compressions can be seen in dogs with comparatively minor signs 

(Sukhiani et al. 1996) suggesting that compression may truly not be correlated with severity 

although a recent study has suggested that the volume of the extruded material may be 

important (Sakaguchi et al. 2023).   

 

6.1.2 T2W Hyperintensity 

Another measurement technique which has been investigated extensively is the length of T2-

weighted spinal cord hyperintensity.  Since it has been related to histopathological findings 
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such as necrosis, intramedullary haemorrhage, and inflammation it has been suggested to be a 

marker of the severity of the spinal cord injury.  This would appear to be supported by the 

findings of some studies that length of T2W hyperintensity is correlated with functional 

outcome (T. M. Boekhoff et al. 2012; Ito et al. 2005; Levine et al. 2009), although the delay 

to ambulation was not statistically significant in one study (T. M. Boekhoff et al. 2012). This 

is however controversial since more recent studies have failed to find the same association 

(Otamendi et al. 2017; Wang-Leandro et al. 2017), although these studies used 3.0T MRI 

making direct comparison challenging.  The use of high field MRI in these studies will 

inevitably have led to higher quality images and may have allowed identification of more 

subtle areas of hyperintensities leading to the difference in findings.  T2W hyperintensity has 

also tentatively been associated with development of progressive ascending-descending 

myelomalacia although this is based on relatively small numbers of dogs and very few had 

the diagnosis confirmed at post-mortem (Balducci et al. 2017; Okada et al. 2010).  It is 

imperative that care is taken when interpreting the results of these studies since the 

measurement technique has not been validated and no clinically useful threshold has been 

determined.  Furthermore, timing of MRI may also have an effect with one study finding 

T2W hyperintensity was more common when MRI was repeated on the same individuals 

post-surgery (Tirrito et al. 2020) and one study suggested that hyperintensity may not be 

detectable less than 24 hours after the onset of signs.  Since progressive myelomalacia also 

includes haemorrhagic necrosis, it is also possible to see T2W hypointensity too (Okada et al. 

2010).  For these reasons, it remains controversial and further research is required to fully 

assess its clinical value. 

 

6.1.3 CSF Attenuation 

Another possible measurement technique which may act as a proxy for the contusive injury is 

CSF attenuation on heavily T2-weighted images such as HASTE (Half-Fourier acquisition 

single-shot turbo spin echo) or SSTSE (single shot turbo spin echo) sequences.  These are 

often termed myelo-MRI since they resemble images obtained from myelography.  Whilst 

they may not be particularly useful for identifying regions of interest (Guillem Gallach et al. 

2011; Housley et al. 2017), measuring the CSF attenuation may be indicative of spinal cord 

swelling and in turn be related to the severity of the contusive injury.  Previous studies have 

already suggested an association with the development of progressive ascending-descending 

myelomalacia (Castel et al. 2019; Gilmour et al. 2017), although this is based on small 
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numbers and both studies suggested different thresholds.  Previous analysis of a subsection of 

this population also suggested an association with deep pain negative status but again this 

was based on limited numbers of dogs (Khan & Freeman 2022).   

 

Overall, there is a lack of consensus regarding the relationship with morphometric MRI, 

clinical signs and outcome and a majority of these measurements were only investigated in 

dogs who had undergone surgery. This precludes the formation of criteria to determine which 

dogs require surgery and those who may be recovered medically and so does not aid clinical 

decision making.  Therefore, the aim of this study was to investigate the association of 

morphometric MRI with clinical severity at presentation and outcome at 12 weeks in on-

ambulatory dogs with thoracolumbar disc extrusions who were managed medically.    

 

6.2 Results 

A total of 71 dogs underwent an initial MRI, of which 67 were consistent with an 

intervertebral disc extrusion.  The most common breed was miniature dachshund (n=52), 

followed by standard dachshund (n=5) and crossbreed (n=5).  In total 38 were female (26 

neutered and 29 male (17 neutered).  The median age was 60 months (IQR 53.0-82.5), the 

median weight was 6.6kgs (IQR 5.5-7.8) and the median BCS was 6/9 (IQR 5-7).  On 

presentation 52 were deep pain positive with 40 being grade 3 and 12 being grade 4, and 15 

were deep pain negative.  The most common sites of disc extrusion were T13-L1 (n=17) and 

T12-13 (n=15).  The mean percentage compression was 52.0% (SD 16.4) and the median 

ratio of CSF attenuation to length of L2 vertebra was 2.5 (IQR 1.5-3.4). Within the 12 week 

follow up time 58 recovered ambulation, 8 did not and one died of aspiration pneumonia. The 

median time to ambulation was 14 days (IQR 17-24). The full outcome data is presented in 

Chapter 4. 

 

A students t-test indicated that mean compression did not differ significantly between those 

who were deep pain positive (51.2%) on presentation and those who were deep pain negative 

(54.9%) (t=0.78, df=65, p=0.44).  An ANOVA also showed that the mean compression did 

not differ significantly between neurological grades 3 (50.5%), 4 (53.3%) and 5 

(54.9%)(F=0.43, df=2,64, p=0.65) (Figure 27).   
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FIGURE 27 A COMBINED SCATTER, BOX AND RAINCLOUD PLOT SHOWING COMPRESSION VERSUS DEEP PAIN PERCEPTION (A) AND 

NEUROLOGICAL GRADE (B) ON INITIAL PRESENTATION 

 

A Welch’s t-test indicated that CSF attenuation: L2 ratio differed significantly between those 

who were deep pain positive (2.3) on presentation and those who were deep pain negative 

(5.8) (t=4.47, df=65, p<0.001).  A one-way ANOVA also showed that the mean ratio differed 

significantly between neurological grades (F=27.4, df=2,64, p<0.001). However, a post-hoc 

Dunn test showed that only the differences between grade 3 (2.2) and 5 (5.8) (p<0.001), and 

between 4 (2.6) and 5 (5.8) (p=0.006) were significant (Figure 28). 

 

 
FIGURE 28 A COMBINED SCATTER, BOX AND RAINCLOUD PLOT SHOWING CSF ATTENUATION VERSUS DEEP PAIN PERCEPTION (A) AND 

NEUROLOGICAL GRADE (B) ON INITIAL PRESENTATION 

 

Compression and CSF attenuation could not be investigated for an association with outcome 

in deep pain positive dogs due to the lack of a comparison group.  For those who were deep 

pain negative, a student’s t-test showed a significantly larger percentage compression in those 

who recovered ambulation (63.4%) compared to those who did not (42.3%) (t=-3.58, df=13, 
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p=0.003).  A Welch’s t-test showed that CSF attenuation to L2 ratio did not differ 

significantly between those who recovered (5.30) and those who did not (6.72) (t=0.65, 

df=4.34, p=0.55) (Figure 29).  

 

 
FIGURE 29 A COMBINED SCATTER, BOX AND RAINCLOUD PLOT SHOWING RECOVERY OF AMBULATION BY COMPRESSION (A) AND CSF 

ATTENUATION (B) 

 

In dogs who were deep pain positive on presentation a simple linear model showed that 

percentage compression was not a significant predictor of time to ambulation (F=0.27, 

df=1,48, p=0.60).  For the same group, a simple linear model showed that CSF attenuation 

was a significant predictor of time to ambulation (F=4.28, df=1,48, p=0.04) (Figure 30).   

 

 
FIGURE 30 A SCATTER PLOT SHOWING TIME TO 10 STEPS UNAIDED BY COMPRESSION (A) AND CSF ATTENUATION (B) IN DEEP PAIN 

POSITIVE DOGS 
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For dogs who were deep pain negative on presentation a simple linear model showed that 

percentage compression was not a significant predictor of time to ambulation (F=3.08, 

df=1,7, p=0.12).  A linear model also showed that CSF attenuation was not a significant 

predictor of time to ambulation (F=0.03, df=1,7, p=0.88) (Figure 31). 

 

 
FIGURE 31 A SCATTER PLOT SHOWING TIME TO 10 STEPS UNAIDED BY COMPRESSION (A) AND CSF ATTENUATION (B) IN DEEP PAIN 

NEGATIVE DOGS 

 

6.3 Discussion 

In this chapter I have presented data investigating the association of MRI features with 

prognosis and time to recovery in non-ambulatory dogs with thoracolumbar disc extrusions 

who were managed conservatively.  This analysis showed that CSF attenuation: L2 ratio 

differed significantly between deep pain negative dogs (5.8) and deep pain positive dogs 

(2.3), but percentage compression did not.  It also showed that in deep pain negative dogs that 

percentage compression was greater in dogs that recovered (63.4%) than those who did not 

(42.3%).  Investigation into predictors of time to ambulation showed compression was not a 

significant predictor of time to recovery in deep pain positive or negative dogs but CSF 

attenuation was a predictor of time to ambulation in deep pain positive dogs.   

 

Previous reports have failed to find a consistent relationship between compression and 

clinical signs or prognosis (Besalti et al. 2005; Levine et al. 2009; Penning et al. 2006).  This 

is supported by the findings of this study which found that compression did not differ 

significantly with neurological grade or deep pain perception but unlike previous studies 

compression was found to be greater in deep pain negative dogs that recovered than those 

who did not.  The reason for this disparity is not clear and given the low number of cases the 
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possibility of a type 1 error cannot be excluded.  It is possible that the more compressive 

lesions were more focal, akin to the Type 1 and 2 disc extrusion morphometry described by 

Funkquist and those which were less compressive were more similar to those which were 

Type 3 (Funkquist 1962).  Interestingly Funkquist also found that extrusions categorised as 

Type 3 based on her system had a worse prognosis possibly supporting the findings here.  

This may also explain why Levine et al. (2009) found craniocaudal length of compression 

more useful than dorsoventral height. Another possible reasons for the difference in findings 

could be the different technique used to measure compression. Previous studies have used 

either sagittal images or transverse images normalised using the adjacent spinal cord whereas 

this study measured the compressive material and vertebral canal on T2-weighted transverse 

images.  Since no other measurement techniques have been validated it is not possible to 

speculate on the impact this could have had and makes direct comparison between studies 

challenging.  Previous studies also focused on dogs managed surgically which increases the 

difficulty in comparing the results of this study with previous reports.  It is also important to 

note that only two dogs who developed myelomalacia underwent MRI.  Based on previous 

reports it could be suggested that these dogs would have had a greater length of CSF 

attenuation (Castel et al. 2019; Gilmour et al. 2017), but it is unclear if this would be true of 

our population.   

 

It is possible that greater compression is truly correlated with outcome and if so, this could 

have implications for deciding which dogs undergo surgical decompression.  Currently, 

severe compression is used as a reason to undertake surgery, but this practice would be called 

into question by these results.  The reason why greater compression is associated with a 

positive outcome is unclear.  It could be that canine extrusions follow a similar pattern to 

human extrusions where larger extrusions regress more readily, and this can lead to a better 

outcome.  This is a difficult conclusion to justify given that some studies found larger 

extrusions were no more likely to regress, and regression has not been consistently correlated 

with outcome (Ahn et al. 2000; Ellenberg et al. 1993; Komori et al. 1996; Masui et al. 2005).  

An alternative explanation is that dogs with less severe compressions had to have a 

comparatively more severe contusive injury to become deep pain negative, and therefore 

were less likely to recover.  This would be supported by the finding that deep pain negative 

dogs had significantly longer CSF attenuation, previous findings associating this with 

progressive myelomalacia (Castel et al. 2019; Gilmour et al. 2017) and the suggestion that 

progressive myelomalacia can be halted by extensive durotomies (Hirano et al. 2020). 
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Except for the previous report on a subset of this population (Khan & Freeman 2022), length 

of CSF attenuation has previously only been associated with progressive myelomalacia 

(Castel et al. 2019; Gilmour et al. 2017) and had not been investigated for correlation with 

clinical signs, prognosis, or time to recovery of ambulation.  The data presented here suggests 

that CSF attenuation and therefore the contusive injury is associated with deep pain negative 

status at presentation but not neurological grade.  This may explain why deep pain negative 

dogs have a worse prognosis following decompressive surgery, since the contusive injury is 

at least as important as the compressive insult in this cohort.  It would also suggest that 

decompressive surgery alone is unlikely to prevent a majority of dogs who are going to 

progress to deep pain negative status from doing so, but treatments targeting the contusive 

injury might.  It is important to note that due to the delay in presentation in most dogs in this 

study we cannot speculate about the degree of CSF attenuation within 24 hours of the initial 

injury and therefore cannot comment on whether CSF attenuation could help predict which 

dogs will become deep pain negative.  Further studies are required to investigate the effect of 

time of MRI on CSF attenuation measurements to determine whether it could be used for 

prediction of progression.   

 

CSF attenuation was also correlated with time to recovery in deep pain positive dogs in this 

study, however when the data is visualised it is clear that this is only a very weak correlation.  

This may be because those with more severe CSF attenuation were more severely affected, 

although there was no significant difference between dogs who were grades 3 and 4 at 

presentation suggesting this is unlikely.  It could also be a type 1 error since there was no 

adjustment for the multiple comparison problem, and there are clear outliers in the data. 

Overall, this cannot currently justify a change in approach, due to the lack of a treatment 

successfully targeting the contusive injury but it does suggest that more research should be 

devoted to the contusive component of disc extrusions.   

 

The major limitation of this study is the small number of deep pain negative dogs which was 

exacerbated by the lack of MRI in five dogs suspected to have progressive myelomalacia.  

This will have increased the chance of type 1 error and may explain the disparity with some 

other studies.  There was also no adjustment for the multiple comparison problem, but this 

was mitigated by visualising the data in its entirety and accurately reporting the effect size 

which in many cases is more important that statistical significance.  The data are also not 
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being used to justify a change in approach, in part due to the lack of a viable alternative and 

instead simply justify more research which again limits the requirement for p values. 

 

6.4 Conclusion 

Overall, this study found little evidence to support the use of MRI for prognosis in dogs 

rendered non-ambulatory by thoracolumbar disc extrusions who are managed conservatively.  

Although we found that CSF attenuation was associated with deep pain negative status on 

presentation and therefore outcome it does not provide any additional information to the 

neurological examination but does justify more research into the contusive spinal cord injury 

and its sequelae.  Similarly, the finding that compression was greater in deep pain negative 

dogs who recovered cannot be used to alter clinical decision making since it is contrary to 

previous reports and relied on a small number of dogs.  It does, however, suggest clinicians 

should reconsider using compression as a justification for surgery, even if it doesn’t change 

the final recommendation. 
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7. Discussion 

7.1 Summary 

The aims of this study, set out in the introduction, were to study the natural history of canine 

thoracolumbar disc extrusions.  To do this the study was designed to describe the proportion 

of dogs rendered non-ambulatory by thoracolumbar disc extrusions who recover when 

managed conservatively, report their time to recovery, and to report changes in the severity of 

spinal cord compression over time.  It was also hoped that this would allow certain clinical, 

neurological, and imaging parameters to be linked to a failure to recover which could aid in 

the clinical decision making around which individuals are most likely to benefit from 

decompressive surgery and highlight potential areas of future research. 

 

7.2 A Valid Alternative to Euthanasia 

As discussed in Chapter III the current clinical consensus is that dogs who are non-

ambulatory should undergo surgical decompression (Olby et al. 2022), and this consensus is, 

anecdotally, leading to the euthanasia of dogs in primary care practice whose owners are 

unable to afford this treatment.  However, the data presented in Chapter III describe the 

outcomes of dogs managed conservatively over 12 weeks and show a large proportion of 

dogs will recover.  Specifically, 96.1% (95% CI 86.8-98.9%) of dogs who were deep pain 

positive on presentation recovered and 47.6% (95% CI 28.3-67.6%) of dogs who were deep 

pain negative on arrival.  All dogs who recovered also recovered adequate levels of urinary 

continence and no dogs had persistent back pain.  The results of the deep pain positive cohort 

are not dissimilar to a previous systematic review which found a recovery rate of 86%, 

including some studies which reported 100% recovery (Freeman & Jeffery 2017).  These 

figures had, however been questioned due to the small numbers of dogs included, the 

retrospective nature of most studies and the inclusion of a greater proportion of ambulatory 

dogs.  It is therefore promising that in our population of prospectively recruited and 

exclusively non-ambulatory dogs, the recovery rate was still so high, adding confidence to 

the idea that many deep pain positive dogs can be successfully managed medically.  The 

results from our population of deep pain negative dogs were similarly promising.  Although a 

much smaller proportion recovered, the value is far more favourable than previously reported 

in systematic reviews (Freeman & Jeffery 2017; Langerhuus & Miles 2017) and challenges 

the narrative that deep pain negative dogs can only be recovered with surgical 

decompression.  Interestingly our findings are very similar to those reported for fenestration 
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(Butterworth & Denny 1991; Denny 1978; Flo & Brinker 1975; Freeman & Jeffery 2017), 

which, as discussed earlier, does not necessarily relieve any of the spinal cord compression 

and may therefore add to the evidence that surgical decompression is not required in every 

case.  The number of deep pain negative dogs included here are, however, small, and so the 

confidence intervals are broad, but the aim was not to supersede or undermine the 

recommendation for surgical decompression in these cases.  Instead, the aim was to redress 

the balance and demonstrate that when surgical decompression is not possible due to 

financial or geographic restrictions, conservative management is a valid alternative to 

euthanasia, a conclusion this data would appear to support.  

 

7.3 Progressive Myelomalacia 

Previously no reports had described the rate of progressive ascending descending 

myelomalacia in dogs managed conservatively, and only a small number of studies had 

reported rates for those managed surgically.  In our population 33.3% (95% CI 17.2-54.6%) 

of deep pain negative dogs either presented with or went on to develop signs consistent with 

progressive myelomalacia which is a higher proportion than reported in most previous studies 

(Balducci et al. 2017; Castel et al. 2019; Jeffery et al. 2016; Olby et al. 2003; Scott & Mckee 

1999; Takahashi et al. 2020) except for a single report which exclusively included French 

bulldogs (Aikawa et al. 2014).  As detailed in Chapter III, this study did include all dogs 

presenting for a consultation, even if they did not undergo MRI or post-mortem to confirm 

the diagnosis of a disc extrusion or myelomalacia.  This is not directly comparable to most 

previous reports in which dogs were required to have some form of confirmation of a disc 

extrusion, and usually decompressive surgery.  Since many dogs presenting with signs 

consistent with myelomalacia will be given a guarded prognosis, many may be euthanised 

without undergoing further testing or surgery and will therefore be missing from the current 

available data.  This makes it challenging to compare previous results with this study and it 

remains unclear if conservative management has a greater risk of progressive myelomalacia.   

 

7.4 Time to Recovery 

Chapter III also reported the time to recovery with the aim of providing accurate information 

for clinicians regarding the expected recovery times as well as providing a possible 

comparison group for future studies looking at the speed of clinical recovery.  The data here 

showed that many dogs can recover rapidly with the median recovery times being 11 and 25 
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days respectively for deep pain positive and deep pain negative dogs.  Despite this some dogs 

took substantially longer, with several taking longer than four weeks in both categories, and 

this is perhaps the more important finding.  It suggests that when conservative management is 

undertaken, clinicians should be prepared for recovery of ambulation to take a protracted 

period of time and not to be discouraged if progress is minimal within the first few weeks.  It 

was also true that those who took longer to recover did not necessarily make a less complete 

recovery either which is another reason not to be pessimistic if progress is slow.  It does, 

however, suggest that there is scope for recovery to be accelerated in some dogs, although 

whether this could be through medical, surgical, or adjunctive therapy is unclear. It is also 

important to consider management of urinary incontinence over this time period, as this is 

often challenging for owners and is likely to persist whilst the dog is non-ambulatory.  Within 

our population we found dogs recovered continence at a very similar time point to recovery 

of ambulation and so many required manual expression for several weeks and therefore 

required a significant commitment from their owners.   

 

7.5 Is Compression Persistent? 

As part of describing the natural history of thoracolumbar disc extrusion, this study aimed to 

document the changes in compressive material visualised on MRI over 12 weeks.  Previous 

reports in dogs had shown that spontaneous decompression was possible (Argent et al. 2019; 

Khan et al. 2022; Steffen et al. 2014) but since this was isolated to case reports it was not 

clear how common this phenomenon was.  In humans, regression of extruded disc material is 

common, especially in sequestered discs (Autio et al. 2006; Guinto et al. 1984; Komori et al. 

1996; Saal et al. 1990) which are most similar to canine extrusions, suggesting the 

phenomenon could also be common in dogs.  This is supported by our data which showed a 

reduction in compression in a majority of dogs, including many who showed near complete 

resolution of their compressions.  There were however a number of dogs whose compressions 

remained relatively unchanged or increased in magnitude suggesting this process is not 

ubiquitous amongst all dogs, just as it is not in humans.  Although many dogs’ compressions 

reduced, most were left with some residual compression, the fate of which is not clear.  Given 

more time it is possible that they may continue to regress but they may also be persistent.  

Should this be the case, the persistent compression could disrupt spinal cord blood flow, 

cause axonal loss and demyelination (Fish & Blakemore 1983; Ouyang et al. 2010; Shi & 

Blight 1996), and the potential long-term impact of this is unclear. 
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7.6 Prognosis 

The final aim of this project was to identify clinical, neurological, and imaging characteristics 

which may be linked to a failure to recover and/ or a slower time to recovery.  Previous 

studies had investigated clinical data such as age and weight, and imaging characteristics 

such as compression, but failed to find any consistent prognostic markers, with the exception 

of deep pain perception (Olby et al. 2020).  Since deep pain perception is widely accepted as 

a useful prognostic marker, it is likely beneficial to consider deep pain positive and negative 

dogs independently and any possible prognostic markers would therefore be additional.  It 

may also be useful to identify some features which are common amongst deep pain negative 

dogs to understand which individuals are likely to lose pain perception and explain why their 

prognosis is worse. 

 

Within the population described here, only two deep pain positive dogs failed to recover, 

including one who died of aspiration pneumonia, making it impossible to investigate any 

parameters as prognostic markers.  Instead, clinical, and imaging characteristics were 

compared with time to ambulation.  In Chapter III clinical data including age, weight, and 

time to loss of ambulation were investigated for a correlation with time to recovery but none 

were found to have a meaningful relationship, much like previous reports (Davis & Brown 

2002; Jeffery et al. 2016; Levine et al. 2009; Olby et al. 2003; Ruddle et al. 2006).  Similarly 

spinal cord compression measured on MRI was not found to correlate with time to 

ambulation, but CSF attenuation was found to be a significant predictor although the 

correlation was weak and confidence intervals were broad.  The findings of this study 

therefore concur with previous studies which failed to find any useful predictors of time to 

recovery in deep pain positive dogs.  Instead, it is only possible to conclude that a large 

proportion of deep pain positive dogs can recover if they are given enough time and that 

recovery times can vary widely. 

 

Much like in previous reports, a greater proportion of deep pain negative dogs failed to 

recover, allowing clinical and imaging characteristics to be compared with both recovery of 

ambulation and time to ambulation.  Again weight, body condition score and onset of loss of 

ambulation were not found to differ with recovery of ambulation or be correlated with time to 

ambulation.  Similarly, age was also not found to differ with recovery but there was a weak 
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correlation with time to ambulation.  Unlike the deep pain positive cohort morphometric MRI 

measurement of compression was found to be correlated with recovery, with higher 

compression being associated with recovery of ambulation but neither compression nor CSF 

attenuation were found to be correlated with time to ambulation.  This may be similar to the 

findings described by Funkquist (1962) who described more focal disc extrusions, with 

greater transverse cross-sectional area as having a better prognosis than more diffuse 

extrusions, and the findings of Levine et al. (2009) who found craniocaudal length to be more 

useful than dorsoventral height in predicting prognosis.  The reason for this finding is, 

however, not clear and given the size of the deep pain negative cohort the possibility of a type 

one error cannot be excluded, although the effect size is quite large (63.4% vs 42.3%).  It is 

also possible that it represents a difference between dogs whose clinical signs are, to a greater 

extent, due to the compressive injury, which is more readily resolved than the contusive 

injury, either through spontaneous regression or mechanisms of neuroplasticity.  CSF 

attenuation was, however, not associated with prognosis suggesting that the relationship may 

not be as simple and there may be an interaction between the compressive and contusive 

injuries.   

 

Clinical and imaging characteristics were also investigated for an association with deep pain 

negative status on presentation in order to find common characteristics which may explain 

why their prognosis is worse.  Previous studies had failed to correlate morphometric MRI 

with clinical signs (Besalti et al. 2005; Levine et al. 2009; Otamendi et al. 2017; Penning et 

al. 2006; Wang-Leandro et al. 2017) with the exception of the preliminary results of this 

study (Khan & Freeman 2022).  Within our population both age and weight differed 

significantly with deep pain perception, although body condition score and onset of loss of 

ambulation did not.  This difference is, however, most likely due to the greater spread of 

values for deep pain positive dogs and is likely not to represent a true difference.  Analysis of 

morphometric MRI measurements showed that compression did not differ with deep pain 

perception, but CSF attenuation did.  Whilst this does corroborate previous reports, it is 

unlikely to be useful clinically.  Instead, it suggests that the contusive injury is at least as 

important as compression in loss of deep pain perception and may explain why deep pain 

negative dogs have a worse prognosis following decompression alone.  It could also justify 

investigation into medical or surgical therapies which target the contusive injury such as 

extensive durotomies (Hirano et al. 2020; Takahashi et al. 2020). 
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7.7 Limitations 

The major limitation of this study is the small number of dogs, especially within the deep 

pain negative cohort.  This is inevitable since only a small proportion of dogs progress to 

deep pain negative status but does mean the study is underpowered and will be unable to find 

small or medium effect associations or correlations, with the risk of type 1 and 2 errors being 

high.  This was partially mitigated by visualising all data and reporting the population means 

and medians where appropriate, but the findings must still be interpreted with caution.  The 

small sample size also means that the confidence intervals for proportion of recovery of 

ambulation and progressive myelomalacia were broad, showing that our results may be 

erroneous and simply a result of the unique population we sampled.  This limitation is 

additionally confounded when investigating morphometric MRI since five of the dogs 

suspected to have progressive myelomalacia did not undergo any imaging.  This means that 

the MRI data presented will be challenging to apply to deep pain negative dogs as a whole 

and may not be applicable to those who develop progressive myelomalacia. 

 

A second limitation is the longer time from loss of ambulation to presentation compared to 

other studies.  Ethically we could not justify enforcing a more rapid presentation since these 

dogs were all going to be managed medically and so the treatment course would not have 

been altered but this did result in a longer time to presentation than would be normal for most 

dogs referred for decompressive surgery and therefore results of the two treatments cannot be 

directly compared.  Whether this truly affected the results is unclear but it has been suggested 

that early decompressive surgery can prevent some dogs from progressing to deep pain 

negative status (Martin et al. 2020) and so it is possible that some of our deep pain negative 

dogs could have been deep pain positive had they presented sooner.  Conversely three dogs 

were described as being deep pain negative when presenting to different neurology specialists 

only to be found to have regained pain perception when presenting for this study which may 

have adversely affected the recovery proportion of the deep pain negative cohort described 

here.  This may however represent the difficulty in consistently testing deep pain perception 

using only an external pinch (Speciale 2003), even with large forceps, however, all deep pain 

negative dogs were also tested by an ECVN diplomate on presentation making this less 

likely.   
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Another limitation is the overwhelming proportion of dachshunds within our study.  

Although they are one of the most common breeds to present to referral practices for 

thoracolumbar disc extrusions, they are not the only breed and how our findings apply to 

these other breeds is not clear.  Unfortunately we could not ethically include dogs suffering 

from brachycephlic obstructive airway syndrome due to the increased risk of sedation and the 

fact that MRI would not have resulted in a different treatment course and so this limitation 

was inevitable.  This will also have affected our analysis into age and weight, since most 

dachshunds will present for extrusions at around 5 years (Dachslife et al. 2021) and will be 

within a relatively narrow weight range.   

 

The final limitations are associated with the MRI measurements.  Although the reviewer was 

blinded for the validation study reported in Chapter IV, they were not for the results of the 

other chapters.  This is due to the necessary logistics of the study, with the reviewer being the 

same for examination, image acquisition and image measurement which may have introduced 

a source of bias.  The reviewer also had limited experience and there was no gold-standard 

with which to compare measurements meaning measurements may not be accurate.  This is 

particularly possible in this study since low field MRI was used and differentiation of 

compressive material and spinal cord can be very challenging.  Measurements were however, 

shown to be repeatable and were reviewed by two diplomates throughout the course of the 

study to ensure they were not obviously erroneous.  Despite this the systematic error of the 

measurements must also be taken into account even if it is minimal.  As discussed previously 

this error was consistent in value and therefore represented a greater percentage error for 

smaller values.  The error also had the potential to be additive or to cancel out since the 

measurement of compression was derived from two other measurements.  This is particularly 

relevant for the reported change in compression over time where small changes in 

compression could have been due to error and not real changes in the severity of compression 

and may have been confounded by the differences in slicing between the two MRIs.  As a 

result the results described for analysis of morphometric MRI must be interpreted with 

caution and likely warrant further investigation.   

 

7.8 Future Work 

Although this study has provided additional evidence supporting conservative management of 

dogs affected by thoracolumbar disc extrusions, it was not possible to build robust criteria to 
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guide clinical decision making and it remains unclear which dogs are most likely to benefit 

from decompressive surgery.  The data does, however, provide information on the natural 

history of the disease and may allow more objective comparison of the outcomes following 

surgical and conservative management including the effect on time to recovery.  The 

outcomes described here were also overwhelmingly positive and so this could be used to 

justify a randomised controlled trial directly comparing the two treatment strategies although 

it may be necessary to first investigate whether early surgical intervention can prevent 

progression to deep pain negative status.   

 

Additionally the data presented here highlight the importance of the contusive injury, 

especially in deep pain negative dogs.  Currently there is no treatment which specifically 

targets this injury and so this does not lead to an immediate change in approach.  It does, 

however, justify further investigation into this injury, its sequalae and, importantly, its 

interaction with the compressive insult.  Some of this has already been investigated with 

some studies reporting the results following extensive durotomies or use of glucocorticoids 

such as methylprednisolone succinate (MPSS) but further investigation is clearly warranted.   
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