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Abstract

 

 
 
Degenerative Lumbosacral Stenosis (DLSS) is a common debilitating condition affecting dogs, 

describing a multifactorial syndrome arising from the compression of the cauda equina and its 

associated nerve roots. Typically, cases present following a protracted history of suspected lumbar 

pain, persistent or episodic, made evident in activities where more force is loaded at the 

lumbosacral joint and its associated neuroforamina. Active, working, military or agility dogs are 

thought to be at risk of developing DLSS. 

Diagnosis of DLSS relies on a compatible clinical history, exclusion of conditions with similar 

presentation and evidence of cauda equina compromise on diagnostic imaging. Cross-sectional 

imaging and particularly MRI are necessary to reach a DLSS diagnosis. A protracted, persistent 

or episodic history of lumbar pain, difficulties jumping and pelvic limb lameness, in the absence 

of overt orthopaedic disease, should alert the clinician that DLSS is possible. 

Foraminal stenosis has been increasingly recognised as part of the DLSS syndrome, however 

previous to this thesis, decompressive surgery in clinically affected dogs had only been reported 

in a single study. Furthermore, alternative treatments to surgery in canine degenerative 

lumbosacral stenosis (DLSS) remain limited and reliable predictors of outcome are lacking.   

This considered, this thesis aimed to: (1) review retrospectively the short and long-term outcome 

in a cohort of canine patients who underwent lateral foraminotomy in the treatment of lumbosacral 

foraminal stenosis, (2) assess the usefulness of a single epidural steroid injection (ESI) in the 

management of DLSS, (3) evaluate ESI as a predictor of outcome following decompressive 

surgery and (4) compare the outcomes of ESI and decompressive surgery. A set of hypotheses 

were proposed: (1) lateral foraminotomy would be a safe and useful treatment in cases of 

lumbosacral foraminal stenosis, (2) ESI can be effective in DLSS cases, leading to transient 



iii 

 

alleviation of clinical signs, (3) ESI can be a reliable predictor of surgical outcome, e.g. a positive 

response to ESI can indicate a positive response to surgical decompression, (4) surgical 

decompression can lead to a more favourable outcome than a single ESI. In order to address these 

questions two studies, one retrospective and one prospective were developed. 

For the first study, clinical records were reviewed retrospectively from 45 dogs which had 

undergone lateral foraminotomy at the lumbosacral junction either alone or in combination with 

decompressive midline dorsal laminectomy. 

For the second study, dogs diagnosed with DLSS were prospectively recruited and administered 

an epidural steroid injection (ESI). If clinical signs persisted or relapsed, decompressive surgery 

was recommended. Follow-up was obtained. 

Forty-five dogs were included in the retrospective study shown that short-term outcome at six 

weeks was assessed by the surgeon to be good (11.1 per cent) or excellent (88.9 per cent) in all 

45 cases. Long-term outcome beyond six months for lumbosacral syndrome was assessed by the 

owner as excellent in all 34 cases for which follow-up was available despite recurrence in five 

cases. Recurrence of clinical signs was not related to re-establishment of foraminal compression 

at the surgical site when assessed on repeat MRI and was managed by either contralateral 

foraminotomy in one case or conservative management with excellent response. 

Thirty-two dogs were recruited for the prospective study that underwent ESI, with seventeen 

having subsequent surgery. Improvement after ESI was seen in 27/32 dogs (84.4%), with 17/22 

(77.2%) relapsing within 6 months. Five dogs failed to respond to ESI and another five dogs 

(15.6%) presented a persistent post-ESI favourable response (mean follow-up time, 9.4 months). 

Post-surgical improvement was identified in all dogs. Outcome was favourable following surgical 

decompression, with a statistically significant difference towards reduced pain, increased mobility, 

and a greater quality of life score. This study was not able to demonstrate that ESI could predict 

surgical outcome. 
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Concluding, the retrospective study confirmed lateral foraminotomy as an effective procedure in 

the management of DLSS-affected dogs suffering from foraminal stenosis and demonstrates that 

initial good short-term results are maintained long term despite some treatable recurrences. 

Lateral foraminotomy is an effective procedure when used appropriately in DLSS with foraminal 

stenosis either alone or in combination with midline dorsal laminectomy. 

The prospective study confirmed ESI as an effective treatment in most but not all cases, leading 

to transient alleviation of clinical signs for longer than previously reported. ESI also provided a 

complete and apparently long-term sustained resolution of clinical signs in a subset of dogs. 

Despite this, there was indication that surgical decompression could lead to a more favourable 

outcome. Epidural steroid injection has a role in the management of DLSS dogs, particularly when 

surgery is not an option. 

DLSS remains a field of study in clinical veterinary neurology that requires extensive work in 

order to stablish a more definitive classification, treatment options and outcome measures. 

However, the results of this thesis appear to be clinically relevant, by means of confirming the 

efficacy of the lateral foraminotomy procedure in cases with foraminal stenosis, as well as 

demonstrating that ESI has a role in the management of DLSS. 

  

Eliminou: Degenerative Lumbosacral Stenosis (DLSS) is a 
common debilitating condition affecting dogs, describing a 
multifactorial syndrome arising from the compression of the cauda 
equina and its associated nerve roots. Typically, cases present 
following a protracted history of suspected lumbar pain, persistent or 
episodic, made evident in activities where more force is loaded at the 
lumbosacral joint and its associated neuroforamina. Active, working, 
military or agility dogs are thought to be at risk of developing DLSS.¶
Diagnosis of DLSS relies on a compatible clinical history, exclusion 
of conditions with similar presentation and evidence of cauda equina 
compromise on diagnostic imaging. Cross-sectional imaging and 
particularly MRI are necessary to reach a DLSS diagnosis. A 
protracted, persistent or episodic history of lumbar pain, difficulties 
jumping and pelvic limb lameness, in the absence of overt 
orthopaedic disease, should alert the clinician that DLSS is possible.¶
Foraminal stenosis has been increasingly recognised as part of the 
DLSS syndrome, however previous to this thesis, decompressive 
surgery in clinically affected dogs had only been reported in a single 
study. Furthermore, alternative treatments to surgery in canine 
degenerative lumbosacral stenosis (DLSS) remain limited and 
reliable predictors of outcome are lacking.  ¶
This considered, this thesis aimed to: (1) review retrospectively the 
short and long-term outcome in a cohort of canine patients who 
underwent lateral foraminotomy in the treatment of lumbosacral 
foraminal stenosis, (2) assess the usefulness of a single epidural 
steroid injection (ESI) in the management of DLSS, (3) evaluate ESI 
as a predictor of outcome following decompressive surgery and (4) 
compare the outcomes of ESI and decompressive surgery. A set of 
hypotheses were proposed: (1) lateral foraminotomy would be a safe 
and useful treatment in cases of lumbosacral foraminal stenosis, (2) 
ESI can be effective in DLSS cases, leading to transient alleviation of 
clinical signs, (3) ESI can be a reliable predictor of surgical outcome, 
e.g. a positive response to ESI can indicate a positive response to 
surgical decompression, (4) surgical decompression can lead to a 
more favourable outcome than a single ESI. In order to address these 
questions two studies, one retrospective and one prospective were 
developed.¶
Study 1 – Lateral foraminotomy has been described as an effective 
surgical treatment for foraminal stenosis in the treatment of 
degenerative lumbosacral stenosis (DLSS) in dogs. Clinical records 
were reviewed retrospectively from 45 dogs which had undergone 
lateral foraminotomy at the lumbosacral junction either alone or in 
combination with decompressive midline dorsal laminectomy. Short-
term outcome at six weeks was assessed by the surgeon to be good 
(11.1 per cent) or excellent (88.9 per cent) in all 45 cases. Long-term 
outcome beyond six months for lumbosacral syndrome was assessed 
by the owner as excellent in all 34 cases for which follow-up was 
available despite recurrence in five cases. Recurrence of clinical signs 
was not related to re-establishment of foraminal compression at the 
surgical site when assessed on repeat MRI and was managed by 
either contralateral foraminotomy in one case or conservative 
management with excellent response. This study confirms lateral 
foraminotomy as an effective procedure in the management of DLSS-
affected dogs suffering from foraminal stenosis and demonstrates that 
initial good short-term results are maintained long term despite some 
treatable recurrences. Lateral foraminotomy is an effective procedure 
when used appropriately in DLSS with foraminal stenosis either 
alone or in combination with midline dorsal laminectomy.¶
¶
Study 2 – Dogs diagnosed with DLSS were prospectively recruited 
and administered an ESI. If clinical signs persisted or relapsed, 
decompressive surgery was recommended. Follow-up was obtained. 
Thirty-two dogs underwent ESI with seventeen having subsequent 
surgery. Improvement after ESI was seen in 27/32 dogs (84.4%), 
with 17/22 (77.2%) relapsing within 6 months. Five dogs failed to 
respond to ESI and another five dogs (15.6%) presented a persistent 
post-ESI favourable response (mean follow-up time, 9.4 months). 
Post-surgical improvement was identified in all dogs.¶
Outcome appeared more favourable following surgical 
decompression, with a trend towards reduced pain, increased 
mobility, and a greater quality of life score. This study was not able 
to demonstrate that ESI could predict surgical outcome. ESI was 
confirmed as an effective treatment in most but not all cases, leading 
to transient alleviation of clinical signs for longer than previously ... [1]
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1 Introduction 

 
Degenerative Lumbosacral Stenosis (DLSS) is a common debilitating condition affecting dogs of 

all ages and sizes, being the most common cause of cauda equina syndrome (De Risio 2000). 

DLSS describes a multifactorial syndrome where alterations to the structures surrounding the 

cauda equina and its associated nerve roots, lead to clinical signs, by means of direct compression 

or compromise of its vascular supply (De Risio 2000, Sharp and Wheeler 2005, Meij and Bergknut 

2010). A plethora of terms have been historically utilised describing this condition in dogs 

including cauda equina syndrome, lumbosacral spondylopathy, lumbosacral stenosis, lumbosacral 

malformation malarticulation, degenerative lumbosacral stenosis (DLSS), lumbosacral disease 

and lumbosacral spondylolisthesis (De Risio 2000). However, since initially suggested by 

Chambers (Chambers et al.1988, Chambers 1989) the term DLSS took its hold as the nomenclature 

describing this syndrome and will therefore be the terminology utilised throughout this 

dissertation. 

The aetiology of DLSS relies on the gradual encroaching or impingement of the cauda equina and 

its associated nerve roots. As it progresses chronic damage to the nerves can cause 

hypersensitisation and pain, leading to a panoply of clinical signs. The strict definition of DLSS 

entails compression of the cauda equina and any of its composing nerve roots, lumbar (L6, L7) 

and sacrocaudal (S1-S3 and Cd1-Cd5). However, in the clinical setting, compression is most 

commonly found at the level overlying the L7-S1 intervertebral disc causing compression of the 

L7 and sacral nerves, as well as at the level of its neighbouring foramina as both L7 nerve roots 

leave the vertebral canal (Harcourt-Brown et al. 2019). Therefore, a particularly focus throughout 

this thesis will be kept in the description of this particular area. 

 
1.1 Relevant anatomy involved in DLSS 
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1.1.1 Neural structures: spinal cord and cauda equina 

The canine spinal cord is divided into cervical (8), thoracic (13), lumbar (7) and sacral (3) spinal 

segments, each giving rise to a corresponding pair of spinal nerves. During normal embryologic 

development, a disparity between the length of the spinal cord and the vertebral column means 

that only a few spinal segments are actually within the corresponding vertebrae, at the level of the 

thoracolumbar junction between T11-L2. This disparity is more pronounced in the caudal lumbar 

and sacrocaudal segments, where an increasing distance has to be covered by the corresponding 

spinal nerves before their exit from the vertebral canal. Lumbar nerve roots are numbered 

according to the intervertebral foramen of exit and the vertebra cranial to it. (Evans and De Lahunta 

2013) 

The location of the conus medullaris (where the spinal cord terminates) varies within different 

breeds, most commonly located over the L6-L7 intervertebral disc space, with a tendency to be 

found more caudally in smaller breed dogs (Fletcher and Kitchell 1966, Evans and De Lahunta 

2013). This is clinically relevant as the spinal cord should typically not be compromised in DLSS. 

 
The cauda equina is a bundle of lumbar (L7) and sacrocaudal (S1-S3 and Cd1-Cd5) spinal roots 

originating from the conus medullaris (where the spinal cord terminates), extending over the 

vertebral body of L6 to Cd5 (Indrieri 1988; Evans and De Lahunta 2013). The cauda equina nerve 

roots are contained within the vertebral canal, exiting the vertebral canal through intervertebral 

foramina. 

 

1.1.2 Anatomy encompassing neural structures 

 

The canine vertebral column is divided into cervical (7), thoracic (13), lumbar (7), sacral (3) and 

caudal (6-23) vertebrae. The caudal lumbar vertebrae (L5-L7), present cranially and slightly 
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ventrally oriented transverse processes, with L6 and L7 not typically presenting accessory 

processes (Evans and De Lahunta 2013). The articular processes restrict lateral flexion, with the 

caudal processes being present medially between the cranial processes of succeeding vertebrae. A 

pair of dorsal synovial facet joints occur at the junction of the articular processes of contiguous 

vertebrae, also called articulations processuum articularum or juncturae zygapophyseales. The 

intervertebral foramina are laterally positioned (Evans and De Lahunta 2013). 

The sacrum develops as a single unit made by the fusion of S1, S2 and S3, contained and 

articulating with the ilia. The sacral intervertebral foramina are dorsally and ventrally positioned 

(Evans and De Lahunta 2013). The caudal vertebrae present a considerably more variable anatomy 

than other regions and are not typically found involved in DLSS. 

The neural structures are contained within the vertebral canal, formed by consecutive vertebrae. 

The vertebral canal is considerably narrower following the lumbosacral joint. 

The L7-S1 intervertebral disc is the largest disc of the canine spine, forming an important part of 

the lumbosacral joint. The lumbosacral or L7-S1 joint is subject to more strain and motion than 

other more cranial lumbar joints (Meij et al. 2007). 

The vertebral canal has a supportive ligamentary system, the most relevant in DLSS being both 

the interarcuate ligament (or ligamentum flavum) and the dorsal longitudinal ligament. The 

ligamentum flavum lies dorsal to the neural structures and the dorsal longitudinal ligament is 

contained between the intervertebral disc and the epidural space. 

An intervertebral foramen, also termed lateral foramen, is formed by two consecutive vertebrae. 

The L6-L7 and L7-S1 intervertebral foramina are found to be the most relevant in DLSS. 

Intervertebral foramina are divided into an entrance, middle and exit zones (Figure 1:4) (Gödde 

and Steffen 2007). The lateral recess forms the entrance zone of the lateral foramen continuing 

into the middle and exit zones. Several structures travel through the lumbosacral intervertebral 

foramen including the lumbar intervertebral vein with its several smaller suppliers, the spinal 

Eliminou: Figure 1:5
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branch of the lumbar artery (or radicular artery) and a spinal nerve root, all surrounded by a 

substantial quantity of periradicular fat (Breit et al. 2013). The L7 dorsal root ganglion is contained 

within the intervertebral foramen. 

 

1.2 Pathophysiology 

The lumbosacral joint is subject to significant motion, strain and transfer of forces, being prone to 

“wear-and-tear”. Consequently, degenerative changes to the structures surrounding neural 

structures accumulate overtime. Examples of several structures and pathologies involved in DLSS 

are described on Table 1-1. 
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Structures and pathological processes amenable to cause DLSS 
L7-S1 intervertebral disc 

• Intervertebral disc herniation (protrusion) 
Vertebral body 

• Osteophyte formation 
• Osteochondrosis 
• Lumbosacral transitional vertebrae 

L7-S1 articular facet 
• Synovial cysts 
• Congenital malformation 

Interarcuate ligament (ligamentum flavum) 
• Thickening / fibrosis 

Dorsal longitudinal ligament 
• Thickening / fibrosis 

Filum terminale 
• Tethered cord syndrome 

Vasculature 
• Congestion / compression / thrombosis / malformation 

Epidural fat 
• Fibrosis 
• Idiopathic sterile inflammation 

 

Table 1:1: Structures and pathological processes amenable to cause DLSS 
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1.2.1 Causative pathologic or degenerative processes 

Compression of neural structures in DLSS is typically chronic, through static or dynamic 

processes. Nerve roots are affected by a multitude of compressive processes 

Despite the presence of distinctive characteristics of typically involved vertebrae (L6 to Cd5), 

degenerative processes affecting these are not effectively distinct from processes affecting other 

portions of the vertebral column. Compression develops through degenerative processes of the 

bone by means of osteophyte formation or an abnormal congenital morphology of the vertebrae.  

An L7-S1 intervertebral disc protrusion is commonly found in dogs even in the absence of clinical 

signs (Axlund and Hudson 2003). Intervertebral disc protrusion or Hansen Type-II disc herniation 

is a degenerative process characterised by a deviation of the nucleus pulposus through a partial 

ruptured and weakened annulus fibrosus (Brisson 2010). The formation of protrusions at the level 

of the lumbosacral joint appears to be exacerbated by its greater mobility relating to other lumbar 

joints. Compression secondary to an L7-S1 intervertebral disc protrusion usually spares the L7 

nerves that do not directly overly this intervertebral disc.  

Soft tissue alterations are also possible, such as ligamentum flavum hypertrophy or synovial cysts. 

Ligamentum flavum hypertrophy can be found, causing dorsal compression of the cauda equina 

(Jones et al.1999). 

Degenerative joint disease occurring at the level of articular facets joints throughout the vertebral 

column is commonly observed radiographically and during necropsy examination in clinically 

non-affected dogs (Schwarz et al. 2000). However, compression to the cauda equina appears to 

arise by the formation of intraspinal articular cysts, histologically defined as either synovial or 

ganglion cysts (Webb et al. 2001). At the level of the lumbosacral region this has been described 

as causative of DLSS in 9 cases, with or without concomitant vertebral malformations (Webb et 

al. 2001; Sale et al. 2007; Forterre et al. 2006; Schmökel et al. 2016). 
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Although rarely reported as causative of DLSS, a single instance of an L5-L6 arachnoid 

diverticulum and a L6-L7 meningeal cyst have been reported in two French Bulldogs (de Nies et 

al. 2018). 

Foraminal stenosis is defined as a discrepancy between the foramen and its contents, where 

compression of the lumbar nerve roots occurs secondary to changes within components forming 

the foramen and surrounding it (Gödde and Steffen 2007, Breit et al. 2013). 

 
1.2.2 Mechanisms of neural injury and neuropathic pain 

 
The progressive compression of the cauda equina within the vertebral canal, associated lateral 

foramina and blood supply cause changes within the affected roots. Persistent compression of the 

nerve root causes an elevated intraneural pressure which associated with impaired perfusion can 

lead to irreversible changes.  Compression of the nerve root results in impaired venous and 

lymphatic drainage resulting in endoneural oedema (Yoshizawa et al. 1995). Interstitial and 

perivascular fibrosis then ensues, contributing to irreversible nerve root enlargement (Lindahl 

1951). Significant thickening of the nerve root is commonly found on DLSS cases, by means of 

hyperplastic fibrosis and inclusion of Renaut bodies. Despite the lack of literature on the subject 

in canine DLSS, inflammatory changes appear to not be a common histologic feature of nerve 

roots chronically affected by foraminal stenosis (Matiasek et al. 2008).  

A discussion about the origin of lumbosacral pain in dogs, a hallmark of DLSS is required. 

Nociceptors (“pain receptors”) are present in several tissues and noxious stimuli are transmitted 

through sensory afferent fibers entering the spinal cord via the dorsal root, synapsing in the dorsal 

horn. Conscious perception is obtained following the transmission of this noxious stimuli to the 

somatosensory cortex via several ascending pathways extending along the several spinal funiculi 

and the thalamus (De Lahunta et al. 2015, Thomson and Hahn 2012). In man, tissues capable of 

Eliminou: i

Eliminou: e

Eliminou: i
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transmitting pain at this level include intervertebral discs, facet joints, ligaments, fascia, muscles, 

and the nerve root dura mater (Kuslich et al. 1991). In dogs, discogenic pain has been implicated 

in lumbar pain and discectomy has been advocated in the alleviation of pain associated with 

annular protrusion (Danielsson and Sjöström 1999). Dorsal root ganglia, aggregates of cell bodies 

of afferent sensory neurons, are contained within the L7-S1 intervertebral foramen. Compromise 

of these ganglia can lead to neuropathic pain by means of disinhibition of interneurons in the dorsal 

horn (Baron et al. 2010), also overexpression of calcium channel receptors (subunit alpha-2-delta), 

substance P and calcitoning gene-related peptide have been reported in these ganglia in DLSS 

affected dogs (Matiasek et al. 2011, Kobayashi et al. 2005a, Kobayashi et al. 2005b). 

 
2 Clinical features of DLSS 

 
2.1 Signalment 

Degenerative lumbosacral stenosis has been reported to be a prevalent occurrence in large breed 

and working dogs, with the German Shepherd being frequently associated with this condition 

(Danielsson and Sjöström 1999; De Risio et al. 2001, Linn et al. 2003, Gödde and Steffen 2007; 

Suwankong et al. 2008). The German Shepherd has been extensively studied and appears to 

present skeletal particularities at the level of the lumbosacral joint, increasing the susceptibility to 

cauda equina compression, including a reduced vertebral canal height and a high prevalence of 

degenerative changes compared with controls (Ondreka et al. 2013). Despite DLSS increased 

prevalence in larger breed dogs it is worth highlighting that smaller agility dogs, such as the Border 

Collie or the English Cocker Spaniel, have been increasingly found to suffer from this condition 

(vide results). In general, it is considered that working, military or agility dogs are at greater risk 

of developing DLSS (Linn et al. 2003, Jones et al. 2000). Males have been reported to be more 
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commonly affected than females, with 6-7 years old being the most typical age of onset 

(Danielsson and Sjöström 1999, Suwankong et al. 2008). 

 

2.2 Presenting complaints & typical clinical signs 

Typically, cases present following a commonly protracted history of suspected lumbar pain, 

persistent or episodic, made evident in activities where more force is loaded at the lumbosacral 

joint and its associated lateral foramina (De Risio et al. 2000). Reluctance or yelping episodes 

when standing up, going up stairs or jumping or being protective when touched around the lumbar 

region should warn the clinician of a potential underlying DLSS. Lameness can be evident in some 

cases, characterised by a toe-touching or nerve root signature posture (Figure 1:1). More severe 

cases can present with faecal or urinary incontinence, attributable to involvement of the nerve roots 

giving rise to the pudendal nerve (S1-S3). The most consistent finding in DLSS dogs is the 

presence of a painful response on direct palpation of the lumbosacral region or lifting of the tail. 

In stoic dogs, pressure over the lumbosacral joint can be performed while the pelvic limbs are kept 

flexed over the examiner’s thigh, inducing over-extension of the joint (Sjöström 2003). 
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Figure 2.2:1:  A Doberman exhibiting a toe touching posture. DLSS cases characterised by nerve 

entrapment or impingement (foraminal stenosis) can present with a toe-touching or nerve root 

signature posture, where the effected limb is not fully supported on the ground whilst the animal 

is standing. This could translate positional root-related pain or possible uncomfortable sensations 

(pricking, tingling or numbness) when supporting the limb. 
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2.3 Neurological examination findings 

Neurological examination will vary from patient to patient, and neurological deficits might not be 

evident in every patient. Gait analysis can demonstrate paresis (weakness) or a stiff gait affecting 

one or both pelvic limbs (Worth et al. 2019). Segmental spinal reflexes may include an absent, 

reduced or normal withdrawal or flexor reflex, impairment would be related with sciatic nerve 

dysfunction which arises from the L6-S1 spinal nerves. An intact or exaggerated patellar reflex 

(L4-L6 nerve roots innervating the femoral nerve) can be sometimes elicited, exaggerated by 

means of a reduced compliance of the muscles innervated by the sciatic nerve (paradoxical 

hyperreflexia). Pelvic limb muscle atrophy, also compatible with a sciatic distribution is found 

frequently. Perineal reflex and anal tone, as well as tail carriage and movement can be altered in 

some cases (De Risio et al. 2000, Worth et al. 2019). Ataxia (incoordination) is not a feature of 

DLSS disease, as the spinal cord is not contained within the vertebral canal at the level of the 

lumbosacral joint. 

 

The distribution of frequently identified owner presenting complaints, based on data prospectively 

collected over 3 years at Dovecote Veterinary Hospital is available in Figure 1:2 (data in 

preparation). 
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Figure 1:2: Distribution of owner presenting complains of 48 dogs affected with DLSS, diagnosed 

at Dovecote Veterinary Hospital (2017-2019). 
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2.4 Differential diagnosis 

Clinical signs of DLSS are varied and not pathognomonic for this condition (Figure 1:2). An array 

of other pathologies, some also typically affecting older and larger dogs, can be found in these 

cases. A list of differential diagnoses affecting pelvic limb function and leading to lumbar pain are 

presented in Table 1:2. It is particularly important to consider and possibly rule-out the presence 

of concomitant orthopaedic conditions, such as hip dysplasia, typically found in the same 

population prone to DLSS.  

3 Diagnosis of DLSS 

 

Degenerative changes at the level of L7-S1 are commonly found in older and particularly active 

dogs. When imaging an older patient, changes at the level of the lumbosacral joint are almost 

invariably found (Jones and Inzana 2000). Common examples include spondylosis (readily 

identifiable on radiographs) and intervertebral disc protrusion (on cross-sectional imaging and 

contrast studies (Axlund and Hudson 2003). Therefore, it is important to associate typical clinical 

signs, rule out other concurrent conditions (Table 1:2) and analyse imaging findings in light of 

this, in order to correctly diagnose DLSS. 

 

3.1 Plain radiography 

 

Radiography has a very important role in first opinion assessment as a quick screening process, 

which can in some cases help rule out several of the common confounders of this condition (Table 

1:2). When performing radiographs in cases suspected of DLSS, it is worth performing both a 

lateral and a dorsoventral view, including both coxofemoral joints.  

 

Eliminou: on 
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The most commonly reported radiological finding in DLSS is lumbosacral spondylosis, which is 

not pathognomonic of this condition as it is a prevalent incidental finding in older patients or 

alongside other conditions (e.g. discospondylitis). Other reported findings include evidence of a 

narrowed intervertebral disc space, subluxation (e.g. sacrum subluxated ventral to L7), 

osteochondrosis or a vacuum phenomenon (De Risio et al. 2001; Suwankong et al. 2008). 

Vertebral malformations can also be identifiable through radiography. Even in the presence of 

changes at the level of the lumbosacral joint level, radiography does not provide enough soft tissue 

detail in order to be diagnostic of DLSS on its own (De Haan et al.1993). 
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Differential diagnosis and common confounders 
Vascular 
§ Aortic thromboembolism 
Inflammatory/infectious 
§ Discospondylitis 
§ Osteomyelitis 
§ Physitis 
§ Neuritis 
§ Sacroiliitis 
Trauma 
§ Fracture 
§ Subluxation L7-S1 
§ Tail-pull injury (neuropraxia) 
Anomaly 
§ Tethered cord syndrome 
§ Arachnoid diverticula 
§ Meningeal cysts 
Degenerative 
§ Degenerative myelopathy 
§ Intervertebral disc extrusion 
§ Osteochondrosis 
§ Osteoarthritis / synovial cysts 
Neoplasia  
§ Osteosarcoma 
§ Nerve sheath tumours 
§ Meningioma 
§ Metastatic disease (e.g. prostatic carcinoma) 
Orthopaedic conditions  
§ Hip dysplasia 
§ Cruciate disease 
§ Gracilis myopathy 
§ Osteoarthritis 
Anorectal disease 
§ Anal gland inflammation/infection/neoplasia 
Testicular/perineal disease 
§ Inflammation/infection/neoplasia 

 

Table 1:2: Differential diagnosis and common confounders of DLSS. Adapted from Meij and 
Bergknut 2010, Sjöström 2003. 
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3.2 Contrast radiography: myelography, discography and epidurography 

Myelography relies on the instillation of a contrast agent in the subarachnoid space of a patient. 

Considering that the dural sac usually extends over the lumbosacral joint in dogs, vertebral canal 

compression can potentially be identified. However, the dural sac can terminate before the 

lumbosacral joint and this technique does not provide information regarding the foraminal 

component of DLSS, particularly the foramen middle and exit zones (De Risio et al. 2000). 

Discography relies on the instillation of a contrast agent within the centre of an intervertebral 

disc, in DLSS typically L7-S1. It can delineate intervertebral disc protrusions however it fails to 

detect nerve root involvement of intra-epidural pathology. This can be partially overcome by 

combining this technique with epidurography (De Risio et al. 2000).  

Epidurography relies on the instillation of a contrast agent in the epidural space of a patient. This 

procedure can be technically less challenigng than myelography, however complete filling of the 

epidural space might be difficult to achieve and contrast is reabsorbed more quickly. Injection of 

contrast medium between S3 and Ca1 has been reported to increase diagnostic accuracy for DLSS 

changes (De Risio et al. 2000). 

These techniques have fallen into increasing disuse with the advent and increased availability of 

cross-sectional imaging, particularly MRI (Worth et al. 2019). 

 

3.3 Computed tomography 

Computed tomography (CT) is a cross-sectional imaging technique, providing more detail on both 

soft and osseous tissue than conventional radiography. Alterations described on CT imaging of 

dogs with DLSS include the presence of a narrowed intervertebral foramen and vertebral canal, 

loss of epidural fat, increased soft tissue opacity, bulging of the intervertebral disc margin, and 

spondylosis (Jones et al.1996). Computed tomography is also particularly useful for the 

recognition and definition of lumbosacral malformations. However, considering the prevalence of 
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degenerative changes particularly in older larger dogs (Jones and Inzana 2000), DLSS should be 

suspected when compatible clinical signs are found in conjunction with increase in soft tissue 

opacity at the level of the cauda equina or associated nerves in the absence of epidural fat – 

potentially indicating the presence of an enlarged nerve root or epidural fibrosis – particularly 

when a narrowed intervertebral foramen or vertebral canal is identified (Jones et al.1996). 

3.4 Magnetic resonance imaging 

Magnetic resonance imaging (MRI) is superior to CT in identifying soft tissue lesions leading to 

DLSS (Ramirez and Thrall, 1998) and it is the imaging diagnosis of choice in the diagnosis of 

DLSS (Mayhew et al. 2002). Evidence of vertebral canal stenosis can be readily identified in most 

cases as MRI is sensitive in identifying intervertebral disc protrusions or the presence of 

degenerative joint disease (Meij and Bergknut 2010, Jones et al. 2000). Foraminal stenosis can be 

assessed on both parasagittal and transverse sections through visualisation of changes indicative 

of stenosis of the foraminal canal (e.g. bony changes) or the loss of epidural fat (Figure 2:1) (Gödde 

and Steffen 2007). Evidence of nerve root enlargement can be readily identifiable, particularly in 

dorsal views (Figure 2:2). 

 
3.5 Other diagnostic modalities 

3.5.1 Electrophysiologic studies 

 
Electromyography (EMG) is the electrophysiologic study of muscles, assessing muscular 

insertional, spontaneous or voluntary electrical activity. EMG has a role differentiating between 

denervation atrophy and disuse muscle atrophy, aiding in the distinction between motor unit 

diseases and orthopaedic disease (Cuddon 2002, De Risio et al. 2000). Electromyography has been 

shown to be altered in some dogs affected by DLSS, particularly when neurological deficits are 

present (Oliver et al, 1978, Sisson et al.1992). Considering the frequent compromise of the L7 

nerves in DLSS, it is reasonable to find these changes in the musculature innervated by the sciatic 
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nerve and its tibial and common peroneal branches. Nerve conduction studies (NCS) evaluate the 

electrical conduction of motor or sensory nerves. Specific NCS were shown to have diagnostic 

value in assessing DLSS dogs, including tibial nerve somatosensory evoked potentials (SEP) and 

cord dorsum potentials (CDP). The latency of lumbar SEP is prolonged in DLSS affected dogs 

versus controls (Meji et al. 2006) and CDP onset latency, F-wave onset latency, and F-ratio were 

increased in dogs with MRI evidence of foraminal stenosis of L7 (Harcourt-Brown et al. 2019). 

 

3.5.2 Epidural steroid injection 

Epidural steroid injection (ESI) has been described as treatment of DLSS in a single study 

(Janssens et al. 2009). In that report it was found that all patients responded to an initial instillation. 

Extrapolating this finding into the day-to-day clinical setting, where patients will often present 

with evidence of vertebral canal stenosis but concomitant orthopaedic disease, ESI has a potential 

as a diagnostic tool in DLSS. Although distinction between DLSS and other conditions should be 

guided by diagnostic imaging findings, it is the clinical experience within our research group that 

epidural steroid injections can be helpful in making that distinction clearer (Personal 

communication Mike Targett). 

4 Syndromes within a syndrome 

DLSS describes a syndrome and it is an umbrella term for distinct processes leading to 

compression of the cauda equina and associated nerve roots. An intuitive insight into DLSS is to 

look for the different components surrounding the cauda equina that include the intervertebral disc, 

soft tissues, and the bone components of L7 and S1 vertebrae, describing the different degenerative 

or pathologic processes occurring at these structures. However, regardless of the process causing 

compression, each has a specific localisation for the compressive process enabling similar 

treatment modalities.. Therefore, DLSS can be further divided into three broad sub-populations, 

trying to reach a compromise between the localisation of the compressive lesion and its underlying 

Eliminou: regardless of the process causing compression, specific 
localisation of the compressive process can sometimes be managed 
by similar treatment modalities
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aetiology – vertebral or central canal stenosis, foraminal stenosis and cases where a dynamic 

compression or instability is suspected. The need for this more detailed reclassification has been 

made evident by recent literature, where DLSS cases with foraminal stenosis have been studied 

exclusively (Harcourt-Brown et al. 2019). Although these subpopulations have not yet been 

demonstrated as distinct in terms of signalment or clinical signs, surgical treatment modalities for 

these subpopulations can indeed be distinct, e.g. a compression located within the vertebral canal 

might be addressed by a dorsal exploratory and decompressive surgery whilst a unilateral 

foraminal stenosis might require solely a lateral foraminotomy. Nonetheless, these presentations 

can overlap such as in cases where a vertebral canal stenosis occurs alongside foraminal stenosis, 

requiring a combination of different treatment techniques. 

4.1 Vertebral or central canal stenosis 

In vertebral or central canal stenosis, the intervertebral disc, namely L7-S1, is commonly found 

protruding into the vertebral canal. Also, soft tissue proliferation such as ligamentum flavum 

thickening or the presence of degenerative joint disease with associated synovial cysts might 

develop and cause vertebral canal stenosis (Forterre et al. 2006, Schmökel et al. 2016). 

Osteochondrosis is another reported process that can cause cauda equina compression at this level 

(Hanna 2001). The L7 nerves do not course directly above the intervertebral disc, travelling along 

the vertebral canal over a lateral recess (Figure 1:3), so should not be affected in a pure vertebral 

canal stenosis. Despite the presence of different processes causing compression at this level, 

surgical management of this cases will almost invariably require a dorsal approach by means of a 

dorsal laminectomy, which is described in detail later in the manuscript. 
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Figure 1:3: Lateral recess (indicated by arrows) are the osseous tubular passageway where the L6 

(white arrow, less pronounced) and L7 (black arrow, more pronounced) nerves run before leaving 

the vertebral canal. The lateral recess forms the entrance zone of the lateral foramen continuing 

into the middle and exit zones. 
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4.2 Foraminal stenosis (uni or bilateral)  

An intervertebral foramen, also termed lateral foramen, is formed by two consecutive vertebrae. 

In DLSS the lateral foramina of interest are the ones between L7 and S1. These can be divided 

into an entrance, middle and exit zone (Figure 1:4) (Gödde and Steffen 2007), and the 

intervertebral foramina run just cranial to the L7-S1 intervertebral disc.  

Foraminal stenosis can result in impingement or entrapment of a nerve root, through a static 

stenosis of the foramen or relating to a dynamic change in its volume. Reported causes of foraminal 

stenosis and L7 nerve root compression include the presence of osteophytes at the middle and exit 

zones, soft tissue proliferation, lateralised disc protrusions at the level of the middle and exit zones 

and malformation of the articular facets (Gödde and Steffen 2007). 

Higher availability of cross-section imaging in veterinary practices have increased awareness of 

the prevalence and significance of foraminal stenosis in the aetiology of pain and neurological 

dysfunction of a large proportion of dogs affected with DLSS (Gödde and Steffen 2007, Worth et 

al. 2018, Steffen 2018, Harcourt-Brown et al. 2019). Foraminal involvement is a frequent finding 

in DLSS patients, being reported in 68-84% of cases (Mayhew et al. 2002, Rapp et al. 2017).  

Compression of the nerve root associated with impaired perfusion can lead to endoneurial oedema 

(Yoshizawa et al. 1995) eventually leading to irreversible nerve root enlargement (Lindahl 1951). 

Different surgical techniques have been reported in managing this DLSS subpopulation, namely 

lateral foraminotomy or distraction techniques, described in detail later in the manuscript. 
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Figure 1:4: T2-weighted transverse MRI image (A) and CT transverse section (B) with a bone 

algorithm at the level of the L7-S1 intervertebral disc, demonstrating foraminal zones: (a) entrance 

zone , (b) middle zone, (c) exit zone. The extraforaminal zone is represented by the letter (d). 

Based on Gödde and Steffen 2007. 
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4.3 Lumbosacral dynamic compression & suspected instability  

The L7-S1 has been reported as the most mobile segment within the lumbar vertebral column in 

clinically normal dogs (Jones et al. 2008). Dynamic compression can be possible, despite difficult 

to prove, even in the absence of compressive lesions on static images (Jeffery et al. 2014). This 

appears to be particularly evident in foraminal stenosis, which can be static and readily identifiable 

on MRI, or suspected when the L7 nerve roots are found enlarged in the absence of a clear 

foraminal stenosis on cross-sectional imaging. Dynamic foraminal area variation has been shown 

to occur in flexion and extension, being found to be smaller when the vertebral column is extended 

instead of flexed (Jones et al. 2008, Worth et al. 2017). 

Lumbosacral instability has been suspected, from the initial descriptions of DLSS to be present on 

a proportion of these patients (Indrieri 1988, Meij et al. 2007). Its contributing role to DLSS is 

controversial in the literature (Jeffery et al. 2014). The presence of lumbosacral misalignment with 

evidence of subluxation between L7 and S1, identified as dorsal or typically ventral subluxation 

of the sacrum relative to L7, has been suspected to be an indication of lumbosacral instability (Meij 

et al. 2007, Golini et al. 2014). Despite this, radiological studies have shown no difference between 

the degree of subluxation of the sacrum between DLSS affected and non-affected German 

Shepperd dogs (Schmid and Lang 1993). 

Nonetheless, stabilisation techniques can play a role particularly in the presence of advanced 

degeneration and protrusion of the L7-S1 intervertebral disc, presence of a severe ventral or dorsal 

displacement of S1 in respect to L7 or in non-strictly DLSS pathologies such as subluxation/trauma 

or discospondylitis (Sharp and Wheeler 2005). 
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4.4 Congenital vertebral malformations 

 

Congenital vertebral malformations can be found throughout the vertebral column including the 

level of the lumbosacral joint. Several vertebral malformations can occur at this later level 

including hemivertebrae, spina bifida and lumbosacral transitional vertebra (LTV). 

A transitional vertebra is a congenital abnormally occurring between vertebral sections, where a 

vertebra is misshaped and misformed. Lumbosacral transitional vertebra is a congenital 

abnormality occurring between the last normally-formed lumbar vertebrae and normally-formed 

sacral vertebra, presenting morphological characteristics of both a lumbar and a sacral vertebra 

(Damur-Djuric et al. 2006). Despite LTV being extremely variable in their presentation, frequently 

its classification is based on the morphology of the transverse processes (Figure 1:5). LTV can 

occur in any breed, however an increased prevalence was described in both the German Shepperd 

dog and the Greater Swiss Mountain (Damur-Djuric et al. 2006).  

The presence of lumbosacral vertebral abnormalities can be an incidental finding not necessary 

causative of pathology (Bertram et al. 2019), however the presence of LTV was found to be a 

predisposing factor for DLSS (Flückiger et al. 2006). Compression of the cauda equina and 

associated nerve roots can occur at the level of the vertebral canal, the intervertebral foramina or 

be extra-foraminal. The variability of LTV alongside compression of the neural structures at 

different levels, makes standardized treatment for this presentation impractical, sometimes 

requiring innovative approaches when considering surgery. It is therefore considered a particular 

case where central canal, lateral canal and suspected instability can be present at varying degrees. 
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Figure 1:5: Computed tomography in the dorsal plane using a soft tissue algorithm centered at 

the level of the lumbosacral joint in two dogs. Both CT images demonstrate sacralization of L7, 

characterized by malformation of a transverse process, with abnormal fusion with the ilium 

wings.   
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4.5 Other non-DLSS compressive conditions 

Other well-recognised conditions can affect the lumbosacral joint and could theoretically be 

considered as part of the DLSS complex, such as intervertebral disc extrusions (IVDE) or 

discospondylitis.  However, these are considered to be a separate clinical condition, still arising 

from degenerative (IVDE) or infectious (discospondylitis) processes but with well described 

imaging features and treatment modalities distinct from the ones of DLSS (Burkert et al. 2005, 

Aikawa et al. 2012, Gomes et al. 2016).  

5 Treatment options for DLSS 

 
5.1 Conservative management 

Conservative management is usually the first line treatment in dogs suspected to suffer from DLSS 

at the level of the primary care veterinarian. There are no standardised protocols described for 

conservative management of DLSS in the literature. Management is based on oral analgesics and 

anti-inflammatory drugs, typically through non-steroid anti-inflammatories, gabapentin or 

tramadol (Jeffery et al. 2014, De Decker et al. 2014). Restricted exercise is usually applied for 4-

6 weeks and physiotherapy is sometimes advised. It is possible that many mild non-diagnosed 

DLSS cases are successfully managed in first opinion practice (Jeffery et al. 2014), therefore it 

seems reasonable that conservative management be initially attempted before referral.  

5.2 Epidural-steroid injection 

Epidural steroid injection, is a frequent procedure in the treatment of lower back pain in people 

(McLain et al. 2005, Parr et al. 2009). In animals it has been experimentally tested in a rat model 

of lumbar radiculopathy leading to relief of clinical signs, and it was studied in a population of 

healthy Beagles where it was related to only minimal complications (Hayashi et al. 1998, Liotta et 

Eliminou: a 
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al. 2016). 

Epidural-steroid injection in dogs has been described in a single study, through the the translaminar 

instillation of methylprednisolone acetate in the epidural space over the L7-S1 intervertebral disc 

in a population of 38 dogs (Janssens et al. 2009). In that report, following the first instillation all 

patients were reported to have initially improved, with 18.4% receiving a single-instillation, and 

long-term clinical improvement reported in 79% of cases following more than one instillation. 

Specific details on outcome of the subpopulation receiving a single-instillation are not described 

or are difficult to infer, and it is questionable if a single epidural can be utilised successfully as 

treatment in DLSS affected dogs. That same study also demonstrated that ESI would have a 

temporary effect, requiring several repeated procedures to reach a more extended effect (Janssens 

et al. 2009). 

Epidural steroid injection is generally considered a safe procedure in dogs (Janssens et al. 2009, 

Liotta et al. 2016, Salmelin et al. 2019), however severe complications secondary to an epidural 

injection have been reported in a dog (Remedios et al. 1996). Its theoretical advantages over oral 

medication include a more targeted therapy, being applied in the immediate vicinity of the affected 

nerve roots leading to lesser systemic effects and higher local dosages (McLain et al. 2005). These 

advantages allied with a rapid response to treatment, gives epidural steroid injection the potential 

of being utilised as a single treatment, a diagnostic test or even as predictor of subsequent surgical 

management outcome of DLSS. 

Although this has not yet been stablished in veterinary medicine, the terminology “epidural steroid 

injection” is utilised in human medicine describing this procedure (Buttermann 2004, McLain et 

al. 2005, Wilkinson and Cohen 2013,) and therefore it is the terminology adhered to throughout 

this thesis. 
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The mechanism of action of epidural steroid injections is still not well understood and it is most 

likely multifactorial. Corticosteroids can directly or indirectly inhibit the synthesis or release of 

pro-inflammatory mediators, alter neuromuscular junction and neuron conductivity namely 

nociceptive C-fiber conduction, as well as reduce oedema formation secondary to increased 

capillary damage and permeability (McLain et al. 2005). Further to this, the direct instillation of 

an aqueous substance in the epidural space can lead to osmotic dilution and removal of 

inflammatory mediators (Wilkinson and Cohen 2013). ESI advantages over oral medication 

include a more targeted corticosteroid delivery with a reduction of systemic effects (McLain et al. 

2005). It must be noticed and highlighted that despite the utilisation of a potent anti-inflammatory 

over the affected region, inflammation appears to be a rare finding in cases of foraminal stenosis 

and secondary nerve root enlargement (Matiasek et al. 2008). ESI is a less-invasive procedure with 

considerably less costs than surgery. However, the need of repeated instillations can lead to 

aggravated costs and reduce owner compliance (Janssens et al. 2009). ESI is a frequent procedure 

in the treatment of lower back pain in people despite its mechanism of action still remaining 

unexplained (McLain et al. 2005, Parr et al. 2009).  

Since Janssens et al. 2009 study, ESI has not been investigated further by other research groups in 

DLSS affected patients. 

5.3 Surgical management 

Surgical management of DLSS has been extensively reported. Surgical techniques applied to 

DLSS are either based on stabilisation of the articular components to reduce dynamic pathology 

(Slocum and Devine 1986, Méheust 2000, Hankin et al. 2012, Smolders et al. 2012, Golini et al. 

2014), or decompression of neural structures (Danielsson and Sjöström 1999, Jones et al. 2000, 

De Risio et al. 2001, Linn et al. 2003, Janssens et al. 2000, Suwankong et al. 2008, Rapp et al. 

2017). Surgical management has been reported to lead to higher rates of clinical improvement 

Eliminou: Epidural steroid injection provides theoretical 
advantages over oral steroids, such as delivering a high dose directly 
in the region of interest and avoidance of systemic distribution of 
steroids therefore reducing its systemic side-effects (McLain et al. 
2005). However, ESI application requires a general anaesthetic and 
repeated applications, which can be economically onerous and reduce 
owner observance.¶

Eliminou:  in DLSS
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(67% to 97% rates) in comparison with other treatment modalities (Danielsson and Sjöström 1999, 

Janssens et al. 2000, Jones et al. 2000, De Risio et al. 2001, Linn et al. 2003, Gödde and Steffen 

2007, Suwankong et al. 2008, Hankin et al. 2012, Smolders et al. 2012, Golini et al. 2014). 

Decompression surgical techniques are the most extensively reported and currently utilised 

approaches in surgically managing DLSS patients. 

5.3.1 Dorsal laminectomy 

Traditionally surgical decompression in DLSS cases, has based itself in the utilisation of dorsal 

vertebral canal decompression via dorsal laminectomy with or without concurrent discectomy 

(Jeffery et al. 2014). This approach has the advantages of removing dorsal components leading to 

vertebral canal stenosis, namely ligamentum flavum hypertrophy or synovial cysts as well as 

providing an extremely good overview of the region overlying the L7-S1 intervertebral disc, 

allowing the removal of static compressive lesions to the cauda equina such as osteochondrosis or 

intervertebral disc protrusions. 

The lateral limits of this approach are the articular processes themselves, which should be 

preserved, and the lamina axial to this level (Figure 1:6). The articular facets should be preserved 

in order to avoid secondary fractures (Moens and Runyon 2002). The cranio-caudal extension of 

the approach is variable from a more conservative approach where just extirpation of the 

ligamentum flavum and partial dorsal laminectomy of the first sacral segment is performed (Kinzel 

et al. 2004, Gödde and Steffen 2007), to more extensive laminectomy until non-affected neural 

structures are exposed (Sjöström 2003). Despite the frequent finding of intervertebral disc 

protrusions in DLSS, discectomy (the incision of the annulus fibrosus and its partial removal from 

underneath the cauda equina) may not be strictly necessary for long-term surgical success 

(Suwankong et al. 2008, Worth et al. 2019). 

Eliminou: modalitis

Eliminou: , being identified in 67% to 97% of cases 

Eliminou: ¶

Eliminou:  Surgical techniques regarding surgical decompression 
has mainly focussed on dorsal vertebral canal decompression via 
dorsal laminectomy with or without concurrent discectomy. This is a 
viable alternative in dogs where the main compressive lesion is 
related to the vertebral canal.
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Figure 1:6: Dorsal view of the lumbosacral joint (A), revealing the dorsal laminectomy approach 

with preservation of the articular facets. Lateral view of the lumbosacral joint (B1, B2) comparing 

the size of intervertebral foramen in a non-operated dog (B1) and following lateral foraminotomy 

(B2). 
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5.3.2 Lateral foraminotomy 

Foraminal stenosis presents challenges that cannot be overcome by a dorsal laminectomy alone. 

Traditionally decompression of the intervertebral foramina has been performed alongside L7-S1 

dorsal laminectomy, through both dorsal and medial approaches, by means of extending the 

laminectomy (Danielsson and Sjöström 1999, Jones et al. 2000, De Risio et al. 2001, Linn et al. 

2003, Suwankong et al. 2008). However, extension of the laminectomy results in limited access to 

lateralised foraminal compressions, increased risk of articular facet fractures, and increased 

instability of the lumbosacral joint (Moens and Runyon 2002, Gödde and Steffen 2007, Jeffery et 

al. 2014, Rapp et al. 2017). Alternative surgical approaches to the L7-S1 intervertebral foramina 

have been reported. Endoscopy-assisted foraminotomy was performed through a dorsal mini-

laminectomy (Wood et al. 2004) in clinically normal dogs and a cadaver study tested the feasibility 

of a transiliac approach to the foramen (Carozzo et al. 2008). 

In 2007, Gödde and Steffen described a lateral approach to foraminotomy that could be performed 

bilaterally as a stand-alone procedure or in combination with a partial dorsal laminectomy of L7-

S1. This is based on the direct access to the lateral foramina of L7-S1, which is enlarged cranially 

by the high-speed burring of the dorsal aspect of the transverse process of L6 to the base of the 

cranial articular process of L7 (Figure 1:6). Gödde and Steffen reported 20 dogs, with only mild 

intra-operative complications and subsequent clinical improvement in 95% of cases with no 

recurrence of clinical signs, however no long-term follow up studies have been reported. 

Foraminotomy from within the vertebral canal has been reported, however dorsal laminectomy 

provides only limited access to lateralised foraminal compressions, as well as no access to middle, 

exit or extra-foraminal zone compression. 

Since its initial development, lateral foraminotomy has now been reported by different groups, that 

appear to confirm this technique as a safe and effective procedure, leading to marked improvement 

Eliminou:  Extension of a dorsal laminectomy by means of removal 
of the articular facets risks articular facet fractures and increased 
instability of the lumbosacral joint (Moens and Runyon 2002, Gödde 
and Steffen 2007). 
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of clinical signs in cases where DLSS is characterised by foraminal stenosis (Gödde and Steffen 

2007, Togni et al. 2014, Worth et al. 2018). 

 

5.3.3 Stabilisation and distraction techniques 

Several stabilisation techniques have been reported in dogs suffering from DLSS. These were 

based on the non-rigid L7-S1 transarticular fixation with bilateral implant placement (pins or 

positional screws) alone or in conjunction with dorsal decompression (Slocum and Devine, 1986, 

Bagley 2003, Hankin el al. 2012, Golini et al. 2014), rigid fixation and fusion based on pedicle 

screws fixed with a bone cement bridge (Sharp and Wheeler 2005) and pedicle screw-rod fixation 

(Méheust 2000, Meij et al. 2007, Smolders et al. 2012). 

The principle behind stabilisation procedures is the reduction or elimination of any dynamic 

compression of the neural structures in the lumbosacral joint as well as potential reduction of 

degenerative changes that could develop due to instability. Distraction has also the potential of 

enlarging the intervertebral foramina, which can be beneficial in cases of foraminal stenosis. 

However, all of these procedures carry possible postoperative risks of complications due to implant 

failure (Smolders et al. 2012, Golini et al. 2014). 

 

 

 

 

6 Preparatory work 

Eliminou: as well as potentially reduce degenerative changes that 
could develop in case of instability

Eliminou: Production of distraction has also the potential

Eliminou: of enlarging 
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Before commencing this thesis, knowledge and particularly long-term outcome information 

regarding decompressive surgery addressing foraminal stenosis was limited. 

Also, upon initiating this study, alternative treatments to surgery in canine degenerative 

lumbosacral stenosis (DLSS) remained limited and reliable predictors of outcome are lacking.  

An alternative non-surgical method has been described in a single retrospective study, through the 

infiltration of methylprednisolone acetate in the epidural space over the L7-S1 intervertebral disc 

in a population of 38 dogs (Janssens et al. 2009). In that report, all dogs were reported to improve 

following the first ESI with 18.4% receiving a single-instillation, and long-term clinical 

improvement reported in 79% of dogs following more than one ESI. Specific details on outcome 

of the subpopulation receiving a single-instillation are not described or are difficult to infer, and it 

is questionable if a single ESI can be applied successfully as treatment in DLSS affected dogs. The 

study also demonstrated that ESI had a temporary effect, requiring several repeated procedures to 

achieve a more prolonged effect (Janssens et al. 2009). The same study based DLSS diagnosis on 

epidurography or discography with no advanced imaging being performed. No further articles 

have investigated ESI efficacy in canine DLSS. 

In order to address this lack of information in the literature, two different studies, a retrospective 

study and a prospective study were formulated, in order to investigate some of these questions. 

 

 

 

7 Aims of the Thesis 

Eliminou: to be prepared

Eliminou: and 
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The aims of the present study are the following: 

• Review retrospectively the short and long-term outcome in a cohort of canine patients who 

underwent lateral foraminotomy in the treatment of lumbosacral foraminal stenosis. 

• Assess the usefulness of a single ESI in the management of DLSS and evaluate ESI as a 

predictor of outcome following decompressive surgery. 

• Compare the outcomes of ESI and decompressive surgery. 

A set of hypotheses were proposed: 

• Lateral foraminotomy is a safe and useful treatment in cases of lumbosacral foraminal stenosis. 

• ESI can be effective in DLSS cases, leading to transient alleviation of clinical signs. 

• ESI can be a reliable predictor of surgical outcome, e.g. a positive response to ESI can 

indicate a positive response to surgical decompression. 

• Surgical decompression can lead to a more favourable outcome than a single ESI 
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Chapter II 

 
MATERIALS & METHODS  
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1. Retrospective study: Long-term outcome following lateral foraminotomy as 

treatment for DLSS in dogs 

1.1. Animals 

Medical records of dogs undergoing lateral lumbosacral foraminotomy presented to the neurology 

service at Dovecote Veterinary Hospital between May 2012 and January 2017 were reviewed. 

Cases were included when presented with clinical signs compatible with a lumbosacral 

neurolocalisation, when MRI evidence of foraminal stenosis was found, and unilateral or bilateral 

foraminotomy was performed either alone or in combination with midline dorsal laminectomy. 

Dogs were excluded if there was evidence of a concomitant relevant orthopaedic, neoplastic or 

inflammatory disease. Further to this, all cases in which a herniated disc extrusion was identified 

were excluded, as this is a clinically distinct pathology from DLSS. 

Signalment and clinical information on presentation was recorded, including any previous 

treatment for DLSS. Dogs were classified as pet dogs or working dogs, a category which included 

agility dogs. Clinical signs consistent with a lumbosacral neurolocalisation consisted of 

lumbosacral pain, reluctance to climb stairs, jump or rise from sitting, lameness, and neurologic 

deficits (i.e. reduced flexor withdrawal, proprioceptive deficits, nerve root signature/toe touching, 

tail paresis, absent perineal reflex, urinary incontinence). 

Dogs were further classified into pre-surgical groups according to severity of clinical and 

neurological signs (Table 2:1) using a modified scoring system (Danielsson and Sjöström 1999, 

Gödde and Steffen 2007). The nomenclature “lateral foraminotomy” was used throughout this 

study, referring to the lateral foraminotomy approach and technique described elsewhere (Gödde 

and Steffen 2007). 
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Classification of Dogs According to Severity of Clinical and Neurological Signs  
Group 1 (mild) 
Lumbosacral pain 
Reluctance to climb stairs, jump or raise up 
Lameness 
Muscle atrophy 
No neurologic deficits  
 
Group 2 (moderate) 
Lumbosacral pain 
Reluctance to climb stairs, jump or raise up 
Lameness 
Muscle atrophy  
Moderate neurologic deficits (e.g. reduced flexor withdrawal, proprioceptive deficits, nerve root 
signature/toe touching)  
 
 
Group 3 (severe) 
Lumbosacral pain 
Reluctance to climb stairs, jump or raise up 
Lameness 
Muscle atrophy 
Severe neurologic deficits (e.g. tail paresis, absent perineal reflex)  
 

 

Table 2:1: Classification of dogs according to severity of clinical and neurological signs. Adapted 

from De Risio et al. 2001 and Gödde and Steffen 2007. 
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1.2 Advanced Imaging  

All dogs underwent MRI under general anaesthesia using a low field 0.25 Tesla (T) permanent 

magnet (Esaote VetMR Grande, Genova, Italy). MRI was performed in dogs in lateral recumbency 

in a neutral position, using a dedicated Dual Phased Array spinal coil. Imaging studies included a 

minimum of T2-weighted (T2W) sagittal and transverse images and dorsal short tau inversion 

recovery (STIR) images. MRI scans were assessed by board-certified neurologists (ML, MT). 

Foraminal stenosis was determined when either one or both of the following imaging changes was 

found: (1) complete loss of fat signal or only a minimal rim of fat signal left in the foraminal zone 

in parasagittal or transverse T2W images (Gödde and Steffen 2007) (Figure 2:1), (2) presence of 

a compressive asymmetric intervertebral disc protrusion on transverse T2W images at the level of 

the intervertebral foramina. The presence of an ipsilateral hyperintense L7 nerve root on transverse 

T2W images and dorsal STIR (Figure 2:2) supported a diagnosis of foraminal stenosis, although 

this was not used as a definitive criterion. Vertebral canal stenosis was defined by the presence of 

over 25% of lumbosacral vertebral canal attenuation on midsagittal images (Jones et al. 2000, 

Gödde and Steffen 2007). Pre-operative presence of nerve swelling was recorded. Subsequent 

lumbosacral MRI studies were retrieved when available, and compared with pre-operative MRI 

studies. Comparison focused on assessment of subjective evidence of recurrence of foraminal 

stenosis and nerve root swelling. Foraminal stenosis and nerve root swelling were evaluated as 

described above. Duration of clinical signs in these cases was also reported. 

  

Eliminou: when one or more of the following findings were found

Moveu (inserção) [1]

Moveu para cima [1]: Pre-operative presence of nerve swelling 
was recorded. 
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Figure 2:1: T2W parasagittal images of a dog with right unilateral foraminal stenosis. White 

arrows indicate the intervertebral foramina. An almost complete fat signal loss is noticeable in 

the affected foramen (A). Foraminal stenosis can be observed more clearly when affected (A) 

and non-affected (B) foramina are compared. 
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Figure 2:2. T2W transverse (A) and dorsal STIR (B) images of a dog with right unilateral 

foraminal stenosis. Subjective L7 nerve swelling on the affected site can be observed on both 

images, indicated by white arrows. Hyperintensity obtained on dorsal STIR (B) is notable when 

compared to contralateral unaffected foramen. 
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1.3 Surgical procedures 

Evidence of foraminal stenosis at the level of the lumbosacral junction on MRI was seen as an 

indication for a lateral foraminotomy (unilateral or bilateral). Vertebral canal stenosis on MRI was 

an indication for performing a concurrent dorsal laminectomy. Surgical procedures were 

performed by two different board-certified neurologists. Information on intra and post-operative 

surgical complications was retrieved. Following surgery, dogs were discharged with instructions 

of cage rest for 4 to 6 weeks, rehabilitation and concurrent pain-relief as required. Dogs would 

then be allowed to gradually resume regular exercise and routine. 

1.4 Outcome and recurrence 

Short-term outcome was acquired from postoperative consultations with a board-certified 

neurologist performed at 6 weeks and within the initial 6 months following surgery. Following 

this period of time, long-term outcome was obtained through telephone interviews with the owners 

or, in cases of relapse, subsequent consultation data was utilised. 

Outcome was considered (1) excellent if complete resolution of clinical signs was present at 

follow-up consultations or the owner considered the dog to be clinically normal (2) good if there 

was substantial but incomplete improvement in clinical signs or the owner considered the dog to 

have some recurrent episodes of pain or lameness (3) poor if the dog did not improve after surgery 

or deteriorated further (De Risio et al. 2001, Gödde and Steffen 2007).  

Recurrence of clinical signs attributable to DLSS was determined and information on initial 

neurological classification, interval from surgery to recurrence and outcome post-recurrence was 

retrieved. Treatment post-recurrence was divided into three: repeate surgery, unrelated surgery and 

non-surgical. Repeat surgery included cases where there was re-intervention at the previously 

operated site. Unrelated surgery included cases where a new surgery at an unrelated surgical site 

Eliminou: ic
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Eliminou: included cases where re-intervention of previously 
operated site was performed
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was performed. Non-surgical included cases where there was no additional surgical intervention.. 

Further details on specific cases were reported when considered relevant to the scope of the study. 

  

Eliminou: new surgery was not performed
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2. Prospective study: Single dose epidural steroid as a treatment and predictor 
of outcome following subsequent decompressive surgery in DLSS with 
foraminal stenosis 

 
2.1 Study design 

Ethical approval for the study was granted by The School of Veterinary Medicine and Science at 

the University of Nottingham (Approval number: 2711 190,326; Approval date: 10 May 2019). 

Written informed consent was obtained from owners of all dogs prior to enrolment. Dogs presented 

to the neurology service at a single referral hospital between February 2017 and May 2019, with 

clinical signs compatible with DLSS were prospectively recruited. 

Inclusion criteria were (1) clinical confirmation of DLSS through compatible clinical signs, (2) 

MRI evidence of intervertebral foraminal stenosis with identification of L7 nerve root enlargement 

and/or lumbosacral vertebral canal stenosis (Gödde and Steffen 2007). Dogs presenting with 

concomitant relevant orthopaedic, neoplastic, inflammatory, developmental conditions or 

evidence of L7-S1 intervertebral disc extrusion were excluded.  

Owners of dogs that potentially met the inclusion criteria were informed of the clinical trial at time 

of admission, and offered an initial ESI at time of diagnosis. Decompressive surgery was offered 

to patients when ESI was unsuccessful or following relapse of clinical signs. Procedures and time 

frames are detailed below.  

Owner questionnaires were devised enquiring about the presence of typical clinical features of 

DLSS. Inferred pain, mobility and quality of life were assessed through a numerical 0 (poor) to 10 

(good) whole number scale; in inferred pain, 0 corresponded to no pain and 10 to extreme pain. 

Three questionnaires were devised and provided to the owners at three different time-points: at 

initial consultation (Supplement 1), 2 to 4 weeks following ESI (Supplement 2), and 6-8 weeks 

following surgical management (Supplement 3). Initially, pilot questionnaires were developed to 



50 
 

 

Formatou: Tipo de letra: (predefinido) Times New Roman, 12
pt

Formatou: Tipo de letra: (predefinido) Times New Roman, 12
pt

create an assessment tool for owner-inferred prognosis. These addressed possible predisposing 

factors such as exercise levels and dog function. The information regarding clinical signs was 

based on previous DLSS literature (De Risio et al., 2001; Gödde and Steffen, 2007; Jeffery et al., 

2014), as well as previous personal experience in managing the condition and data collected during 

the first retrospective study. This pilot questionnaire was performed in 3 cases diagnosed with 

DLSS, before a final version of the questionnaire was developed. For the owner-inferred outcome 

measures, initially a visual analogue scale was to be utilised, however during this trial period, it 

was clear that owner engagement was superior when a number scale was used. For the more 

descriptive information on clinical signs, both “changed laying down position” and “feet biting” 

options were added to the final questionnaires, based on owner description in these 3 pilot 

questionnaires. 

Signalment, weight, duration of clinical signs, previous treatments attempted, clinical and 

neurological findings were recorded. Dogs were initially classified into clinical severity groups 

through the use of a mild, moderate and severe grading scoring system (Table 2:1). Dogs were 

classified as pet dogs or working dogs, the latter category including agility dogs, and daily exercise 

length was classified as above or below an hour. 

 

2.2 Diagnosis and epidural steroid injection 

Following clinical and MRI diagnosis of DLSS, each patient underwent an ESI under general 

anaesthesia. General anaesthesia protocol was standardised for all patients. Instillation of 

methylprednisolone acetate (Depo-Medrone 40 mg/ml, Pfizer) was performed into the 

lumbosacral epidural space in accordance with a previously reported dosage protocol, of 1 mg/kg 

with a minimal volume of 0.5 ml (Janssens et al. 2009). In order to confirm the correct placement 

Eliminou:  
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of the needle, a neurostimulation technique was performed following a previously validated 

method, with the animal in sternal decubitus (Garcia-Pereira et al. 2010). A disposable spinal 

needle electrode (Natus TECA MyoJect, 50 mm length, 25 gauge) was placed and muscle 

twitching of the tail at a stimulus intensity up to 0.30 mA was required before local instillation 

(Garcia-Pereira et al. 2010). Epidural steroid injections were performed by the authors. Following 

ESI, all dogs were discharged with instructions for restricted exercise and continuation of their 

current oral treatment protocol in order to avoid interference with ESI, except when managed with 

non-steroidal anti-inflammatory drugs which were stopped. The owners were handed the first 

questionnaire at initial consultation (Supplement 1). A follow-up consultation was performed 

between 2 to 4 weeks later, in accordance with previously reported median length of ESI effect of 

11 days (4–14 days) (Janssens et al. 2009). A second questionnaire was handed to the owners at 

that time (Supplement 2). Information was obtained from owners regarding complications, 

particularly focusing on signs of systemic absorption of corticosteroids such as polyphagia, 

polydipsia and polydipsia (Behrend and Kemppainen, 1997, Salmelin et al. 2019). The length of 

time until clinical response was observed through an open question in the second questionnaire. 

2.3 Surgical decompression 

Surgical decompression was offered to patients following a minimum period of two weeks 

following ESI, when unsuccessful or after relapse of clinical signs. Lateral foraminotomy 

(unilateral or bilateral) was performed when there was evidence of foraminal stenosis at the level 

of the lumbosacral junction, with a concurrent dorsal laminectomy when there was evidence of 

midline vertebral canal stenosis (Gödde and Steffen 2007). Concurrent L7-S1 discectomy was not 

performed. Surgical procedures were performed by two board-certified neurologists. Following 

surgery, dogs were discharged with instructions of cage rest for 4 to 6 weeks, rehabilitation and 

concurrent pain-relief as required. Dogs would then be allowed to gradually resume regular 
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exercise and routine. Follow-up consultations were performed between 6 to 8 weeks following 

surgery and a third questionnaire was given to the owners (Supplement 2). 

2.4 Outcome 

Outcome was divided into (1) clinical outcome, as assessed by a board-certified neurologist on 

follow-up consultations, (2) owner inferred outcome based on pain, mobility and quality of life 

scores obtained through questionnaires. 

Clinical outcome to both ESI and surgical decompression was considered (1) complete if clinical 

signs had resolved at follow-up consultations (2) incomplete if there was substantial but 

incomplete improvement in clinical signs (3) failed if the dog did not improve or deteriorated 

further. Relapse was assessed following initial response to ESI or surgical decompression, being 

defined as deterioration of clinical signs following an initial improvement. Time from ESI to 

relapse was obtained at the time of completion of the second questionnaire or, if occurring later, 

through telephone interviews with the owners. Follow-up time was collected for dogs without 

relapse through telephone interviews with the owners at the time of completion of this study. 

In patients undergoing both ESI and surgical decompression, comparison of clinical and owner 

inferred outcome was performed. 

2.5 Statistical analysis 

The owner-inferred outcome variables (pain, mobility and quality of life) were compared between 

groups: (1) pre-epidural vs. post-epidural, (2) pre-epidural and post-surgical questionnaires. Data 

were analysed using statistical software (Minitab 18 Statistical Software19, NY). The outcome 

variables were screened at the univariable level using Student’s t-test or Mann–Whitney U test, 

dependent upon the normality of the distribution of the data, which was determined via visual 

Eliminou: ic

Eliminou: ic
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inspection of histograms. P values ≤0.05 were considered significant in all analyses. 
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Chapter III 

 
RESULTS 
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1. Retrospective study 

 

1.1 Signalment and history 

 

45 dogs were identified which had undergone lateral foraminotomy. Breed distribution was 

German Shepherd Dog (n=8), Border Collie (7), Crossbreed (6), Cocker Spaniel (5), Dalmatian 

(4), Labrador Retriever (3), Boxer (3), Rottweiler (2), German Short-Haired Pointer (2), Belgian 

Malinois, Gordon Setter, Golden Retriever, Lurcher and Weimaraner (1 for each). 27 males and 

18 females were identified with a mean age of 74.71 months (median 76, 34 - 156). Mean duration 

of clinical signs before surgery was of 6.88 months (median 6; 0.75 - 30). The severity group 

allocation of cases before surgery was: mild (n=26), moderate (n=16) or severe (n=3) (Table 2:1). 

Eleven (24.4%) were working or agility dogs.  

 

1.2 Pre-operative treatments 

Three dogs had previously undergone dorsal laminectomy with concurrent unilateral extension at 

16, 17 and 60 months prior to lateral foraminotomy. Long term response to surgery was considered 

inadequate and lateral foraminotomy was performed ipsilaterally in all 3 cases. One further dog 

had received an epidural steroid injection with a transient 2 weeks’ improvement in clinical signs, 

whilst the remaining 41 dogs (91.1%) had previously shown inadequate response to systemic 

conservative therapy with rest and analgesia. 

 

1.3 Surgical procedures and complications 

Unilateral lateral foraminotomy was performed in 11 dogs (24.4%), alone in 7 dogs and in 

combination with dorsal laminectomy in 4 dogs. Bilateral lateral foraminotomy was performed in 

34 dogs (75.6%), alone in 8 dogs and with concurrent dorsal laminectomy in 26 dogs. None of the 
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dogs underwent concurrent lumbosacral discectomy. Mild haemorrhage from abnormal vascular 

supply to the articular facet joint was reported as an intraoperative complication in 1 case.. 

Postoperative complications were present in 12 dogs and included subcutaneous seroma in 7 dogs 

(15.6%), suspected wound infection responsive to broad-spectrum antibiotic course in 2 dogs and 

increased pain within the first 4 weeks in 3 dogs. Suspected wound infection was not confirmed 

with culture and sensitivity tests. All of these complications were resolved within 4 weeks 

following surgery.  

 

1.4 Short-term outcome  

Short-term outcome information was available for all patients and was considered good in 5 cases 

(11.1%) and excellent in the remaining 40 cases (88.9%). 

 

1.5 Long-term outcome  

Long-term outcome was available in 34 cases (75.5%) with a mean follow-up time of 22.9 months 

(median 18; 8-54). Poor long-term neurological outcome was reported in one 10-year-old male 

German Shepherd Dog which having initially responded well to lateral foraminotomy, 

subsequently developed progressive ataxia and paraparesis. Based on the clinical presentation, 

age, breed and normal spinal MRI findings a presumptive diagnosis of degenerative myelopathy 

(DM) was suspected. All 33 remaining cases were reported by the owner to have an excellent long-

term outcome. 

 

Recurrence of clinical signs was identified in 5 dogs (11.1%) and occurred in a mean of 10 months 

after surgery (median 8; 4-22). Initial neurological classification of these cases was mild (n=2), 

moderate (2) and severe (1), and all had a repeat MRI scan performed at a mean of 11.8 months 

following foraminotomy (median 9, 8-22). One of these dogs was the German Shepherd suspected 
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to have developed DM. Re-establishment of foraminal compression at the surgical site was not 

demonstrated in any of the remaining 4 dogs (Figure 3:1). Nerve root swelling which had been 

identified on pre-surgical MRI, was also present in subsequent imaging of 4 cases (Figure 3:1). 

When nerve root swelling was not present on pre-surgical MRI this was also not identified on 

subsequent imaging (1 case). 

 

Treatment following recurrence was non-surgical in four cases and one case that on cross-sectional 

imaging had developed a contralateral foraminal stenosis underwent lateral foraminotomy of the 

newly affected site. Non-surgical treatment was conservative (3) or epidural steroid-injection (1). 

All five cases improved following treatment and their long-term outcome was considered excellent 

at a mean of 26.3 months’ post-recurrence (median 27; 8-43). 
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Figure 3:1. Pre-operative dorsal STIR (A1), T2W transverse (B1), T2W parasagittal (C1) and 22 

months postoperative dorsal STIR (A2), T2W transverse (B2), T2W parasagittal (C2) of a dog 

with right unilateral foraminal stenosis. Right nerve root swelling is noticeably decreased 22 

months following surgery (white arrows); however, it is still subjectively enlarged when 

compared with the contralateral nerve root. Right foraminal stenosis (white arrow) is clearly 

noticeable previously to surgery (B1) being resolved following surgery (B2). Lateral 

foraminotomy post-surgical borders are clearly identified (C2) with no evidence of 

reestablishment of stenosis. This patient underwent a right-sided lateral foraminotomy, with 

recurrence of clinical signs 22 months following surgery. Right foraminal stenosis was not 

proven to be re-established and following conservative management, complete resolution of 

clinical signs was achieved.   
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2. Prospective study 

A total of 88 dogs were assessed for enrolment for a suspected diagnosis of DLSS. Thirty-eight 

dogs were excluded for presenting a non-DLSS diagnosis, details are described in Figure 3:2. Of 

the remaining 50 dogs, 41 dogs underwent ESI with nine dogs receiving an alternative treatment 

modality at the owner’s request. Following ESI, nine dogs did not return for a follow-up consult 

failing to complete the second questionnaire. Thirty-two dogs were re-examined and completed 

the questionnaire following ESI. All dogs had undergone unsuccessful medical management 

through non-standardised medication protocols and restricted exercise before presentation. 
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Figure 3:2. Diagram depicting the clinical trial sequence, included patients and reasons for 

exclusion (prospective study). 

  



61 
 

 

Formatou: Tipo de letra: (predefinido) Times New Roman, 12
pt

Formatou: Tipo de letra: (predefinido) Times New Roman, 12
pt

2.1 Animals 

Breed distribution was Labrador Retriever (n=6), Border Collie (4), Crossbreed (4), German 

Shepherd Dog (3), Golden Retriever (2), Airedale Terrier, Beagle, Belgian Shepherd Dog, Boxer, 

Chinese Shar-pei, Cocker Spaniel, Dalmatian, German Pointer, Rhodesian Ridgeback, Rottweiler, 

Siberian Husky, Springer Spaniel, Staffordshire Bull Terrier (1 for each). Seventeen males and 

fifteen females were identified with a mean age of 75.1 months (median 70.5; 15-150). Mean 

duration of clinical signs before diagnosis was of 4.7 months (median 4; 0.3-12) and mean weight 

was of 27.4 kg (median 27.1; 6.8-42.6). A total of five dogs were working or agility dogs (15.6%), 

with seventeen (53.1%) being exercised for over 1 hour daily. 

 

2.2 Outcome and statistical analysis 

Clinical outcome is detailed in Table 2:2. Thirty-two patients were assessed following ESI. Initial 

grading score was mild in 14 (43.8%), moderate in 15 (46.9%) and severe in three (9.4%) dogs. 

An improvement after ESI was seen in 27/32 dogs (84.4%) with partial response in 14 dogs and a 

complete response in 13 dogs. In 5 dogs (15.6%) no clinical response to ESI was evident. All five 

dogs where no clinical response was identifiable had subsequent surgical decompression. Of the 

14 dogs in which a partial response was seen, 9 relapsed with 7 having surgical decompression, 

one opting to have ESI repeated and one being refused further treatment by their owners; the 

remaining 5 were lost to long term follow-up. Of the 13 dogs with a complete response to ESI, 8 

relapsed with 5 subsequently having surgical decompression and 3 being refused further treatment 

by their owners; the remaining 5 had persistent improvement without relapse. Information on 

relapse post-ESI was available in 22 dogs and occurred in 17 (77.2%), at a mean of 2.4 months 

(median 2; 0.5-6). The five dogs with a persistent improvement without relapse following ESI had 

a last-contact mean follow-up time of 9.4 months (median 8; 2-21). 

Eliminou: 25



62 
 

 

Formatou: Tipo de letra: (predefinido) Times New Roman, 12
pt

Formatou: Tipo de letra: (predefinido) Times New Roman, 12
pt

 

Time length until clinical response following ESI was only detailed by the owners of 17 dogs and 

was a mean of 12.9 days (median 14; 2-28). No complications were identified from ESI and a 

single dog presented transient clinical signs compatible with systemic absorption of 

corticosteroids.  

 

A total of 17 dogs underwent decompressive surgery (Figure 3:2). Initial grading score was mild 

in 6, and moderate in 11 dogs. Bilateral lateral foraminotomy was performed as a standalone 

procedure in 4 dogs and with concurrent dorsal laminectomy in 13 dogs. Post-surgical 

improvement was identified in all 17 dogs, with a complete response seen in eight dogs and a 

partial response in nine dogs. No intraoperative complications were identified. In the five dogs 

where ESI failed to show improvement, all five improved post-surgically with partial response in 

2 dogs and a complete response in 3 dogs (Table 2:2). 

 

The results of owner inferred outcome are described in Table 2:3 and depicted in box and whisker 

plots Figure 3:3 and Figure 3:4. The analysed score values were found not to be normally 

distributed and the Mann Whitney test was used for comparison between groups. 

In the whole population receiving an ESI, there was a statistically significant difference between 

the pre-epidural and post-epidural outcomes towards reduced pain (pre-epidural median of 5 and 

post-epidural median of 3, P=0.000), increased mobility (pre-epidural median of 6 and post-

epidural median of 8, P=0.002), and greater quality of life score (pre-epidural median of 6 and 

post-epidural median of 8.5, P=0.003) (Figure 3:3). 

A statistically significant difference was also found comparing the post-epidural and post-surgical 

outcomes, towards reduced pain (post-epidural median of 4 and post-surgery median of 0, P= 

0.006, increased mobility (post-epidural median of 8 and post-surgery median of 9, P=0.007), and 

Eliminou: trend 
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greater quality of life score (post-epidural median of 8 and post-surgery median of 9, P=0.024). 

This difference in scores following surgical decompression, was noticeable particularly in term of 

pain scores (Figure 3:4). An extreme post-surgical outlier of the quality of life marker (0 mark) 

was that of a 5-year-old beagle which underwent bilateral foraminotomy combined with dorsal 

laminectomy (dog 15). This beagle achieved increased mobility and reduced pain, however, was 

assessed by the owner as having a significant reduction in quality of life due to the development 

of urinary and faecal incontinence following surgery.  



64 
 

 

Formatou: Tipo de letra: (predefinido) Times New Roman, 12
pt

Formatou: Tipo de letra: (predefinido) Times New Roman, 12
pt

 

Table 2:2: Detailed clinical outcome (prospective study).  
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Table 2:3: Detailed owner perceived outcome for dogs having both ESI and decompressive 
surgery (prospective study). 
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Figure 3:3. Box and whiskers plots representing owner perceived pain, mobility and quality of 

life scores of the whole population (n = 32) at two time points, initial and following epidural steroid 

injection (ESI). These were statistically significantly different between groups. Circles beyond the 

whiskers indicate outliers, with asterisks identifying extreme outliers (prospective study). 
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Figure 3:4. Box and whiskers plots representing owner perceived pain, mobility and quality of 

life scores of the dogs receiving surgery (n = 17) at three time points, initial, following epidural 

steroid injection (ESI), and following surgery decompression. These were statistically 

significantly different between groups. Circles beyond the whiskers indicate outliers, with 

asterisks identifying extreme outliers (prospective study). 
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Chapter IV 

 
DISCUSSION 

 

  



69 
 

 

Formatou: Tipo de letra: (predefinido) Times New Roman, 12
pt

Formatou: Tipo de letra: (predefinido) Times New Roman, 12
pt

1. Retrospective study 

 

The short-term clinical outcome in this cohort of patients was consistent with the findings of Gödde 

and Steffen in 2007 and is maintained long-term despite some episodes of recurrence. In previous 

studies reporting dorsal laminectomy decompression, a lack of improvement or worsening of 

clinical signs is reported to occur in about 15-30% of cases (Danielsson and Sjöström 1999, 

Janssens et al. 2000, Jones et al. 2000, De Risio et al. 2001, Linn et al. 2003, Suwankong et al. 

2008, Rapp et al. 2017) with reports of failed surgery requiring re-intervention (Danielsson and 

Sjöström 1999, De Risio et al. 2001, Moens and Runyon 2002). The improved results from lateral 

foraminotomy in this study and studies reporting presence of foraminal stenosis in 68-84% of 

DLSS cases (Mayhew et al. 2002, Rapp et al. 2017) would suggest that foraminal stenosis with 

subsequent L7 nerve root pathology represents a significant pathology in DLSS that requires 

consideration when selecting surgical therapeutic options. Since lateral foraminotomy can address 

stenosis in the middle and/or exit foraminal zones as well as extra-foraminal stenosis (Gödde and 

Steffen 2007, Carozzo et al. 2008) it would appear that this more lateral pathology is significant 

in a proportion of cases. Unrecognised or untreated foraminal stenosis is an important cause of 

“failed back surgery syndrome”, well reported in human medicine (Fritsch et al. 1996, Maher and 

Henderson 1999). 

 

It has been postulated that failure in the majority of cases following decompression is related with 

an increased risk of articular facet fractures, instability and inappropriate foraminal stenosis 

decompression (Moens and Runyon 2002, Gödde and Steffen 2007, Jeffery et al. 2014, Rapp et 

al. 2017). Lateral foraminotomy has been increasingly performed since it was first described a 

decade ago (Gödde and Steffen 2007) and allows for effective decompression of the neuroforamen. 

Besides the clearer and more direct access it provides, this surgery also offers the advantage that 
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it can be used in combination with dorsal laminectomy without increasing instability. It is worth 

comparison with alternative techniques involving stabilisation that by reducing mobility and 

creating distraction at the L7-S1 articulation may work by a similar mechanism to effectively 

enlarge the foramina and reduce ongoing concussive insult to the L7 nerve within the foramina 

(Slocum and Devine 1986, Méheust 2000, Hankin et al. 2012, Smolders et al. 2012, Golini et al. 

2014). Stabilisation procedures carry post-operative risks of complication due to implant failure 

(Hankin et al. 2012, Smolders et al. 2012, Golini et al. 2014). 

 

Similar to previous reports the German Shepherd was the most affected breed in this study (Ness 

1994, Danielsson and Sjöström 1999, De Risio et al. 2001, Gödde and Steffen 2007, Suwankong 

et al. 2008). Interestingly Cocker Spaniels, a breed reported to present with caudal lumbar disc 

herniation (Cardy et al. 2016), represented 8.8% of this population while being sparsely 

represented in previous DLSS reports (Slocum and Devine 1986, Danielsson and Sjöström 1999, 

Janssens et al. 2000, Méheust 2000, De Risio et al. 2001, Linn et al. 2003, Suwankong et al. 2008, 

Hankin et al. 2012, Smolders et al. 2012, Golini et al. 2014, Rapp et al. 2017).  

 

The majority of cases in this study underwent surgery following unsuccessful conservative 

treatment (91.1%). Interestingly three cases had previously undergone dorsal laminectomy. In 

these three cases foraminal stenosis had been identified at the time of diagnosis and the dorsal 

laminectomy had been extended unilaterally, in an attempt to relieve the foramina. Dorsal 

laminectomy of these cases was performed at a time prior to lateral foraminotomy being offered 

in this institution. A further case presented with a transient response to epidural-steroid injection 

with recurrence. Since all of these cases had an excellent outcome following foraminotomy alone 

this supports the hypothesis that the clinical signs were due to neuroforaminal entrapment rather 

than vertebral canal stenosis. 
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In this population, both short- and long-term improvement of clinical signs were identified, with a 

long-term complete resolution of clinical signs in 97.1% of cases. This percentage is the highest 

reported in surgical management of DLSS (Danielsson and Sjöström 1999, Janssens et al. 2000, 

Jones et al. 2000, De Risio et al. 2001, Linn et al. 2003, Gödde and Steffen 2007, Suwankong et 

al. 2008, Hankin et al. 2012, Smolders et al. 2012, Golini et al. 2014) which is in accordance to 

previously reported excellent results of this technique (Gödde and Steffen 2007). Being a 

retrospective study, long-term follow-up was based mainly on telephonic interviews with owners, 

which can have biased the results. However, the fact that a single case presented a poor outcome 

which was deemed unrelated to DLSS, reinforce the significance of these results, at least in 

comparison with previously reported stand-alone dorsal laminectomy outcomes. 

 

Recurrence of clinical signs following surgical therapy for DLSS has been reported for dorsal 

decompression via a dorsal laminectomy requiring further surgical intervention (Danielsson and 

Sjöström 1999, De Risio et al. 2001, Moens and Runyon 2002), but has not been previously 

reported following lateral foraminotomy (Gödde and Steffen 2007). Recurrence in the current 

study was not shown to be related to reestablishment of foraminal stenosis of the previously 

operated site on MRI and most cases were managed successfully with non-surgical measures. In 

the case where a second surgery was required this was at the contralateral foramen which had not 

been previously surgically decompressed. Evidence of contralateral foraminal stenosis was not 

present on the initial MRI study. A contralateral foraminotomy resolved the clinical signs 

suggesting this was the result of progression of DLSS rather than surgical failure or failure to 

identify foraminal stenosis on initial MRI.  

 

Eliminou:  and previous reports suggest that MRI findings do not 
always correlate to intra-operative findings (Suwankong et al. 2006)
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New bone formation following foraminotomy has been reported previously (Wood et al. 2004) 

and this in conjunction with fibrous tissue generation could lead to a renewed foraminal stenosis 

with compression of the nerve root (Gödde and Steffen 2007). Subsequent advanced imaging in 

five dogs, performed at least 8 months following surgery, revealed that the foraminal enlargement 

that had been achieved by foraminotomy was maintained and that there was no evident spondylosis 

producing progressive stenosis. However, a larger cohort study with post-operative imaging would 

be required to confirm this. 

 

The persistence of nerve enlargement identified in 4/5 dogs supports experimental studies 

documenting chronic irreversible nerve root swelling following entrapment in dogs (Yoshizawa et 

al. 1995). Compression of the nerve root results in impaired venous and lymphatic drainage 

resulting in endoneurial oedema (Yoshizawa et al. 1995). Interstitial and perivascular fibrosis then 

ensues contributing to irreversible nerve root enlargement (Lindahl and Rexed 1951). Despite 

persistent hypertrophy of the nerve root on MRI, the long-term outcome in all cases post-

operatively was considered excellent. 

 

A number of limitations exist in this retrospective current study. Data was collected retrospectively 

and therefore the population and procedures were not-standardised. However, a set of standardised 

procedures was adhered to in terms of medical note taking, advanced imaging, surgical 

management, hospitalisation and subsequent treatment making the data less prone to recall bias. 

Further to this, short-term follow-up information relied on the expertise of the same people that 

performed surgery potentiating clinician bias and long-term follow-up was based upon telephone 

interviews which are both subjective and prone to a caregiver placebo effect. The follow-up period 

is also variable and a much longer-term follow-up in all cases may have altered our outcome. 



73 
 

 

Formatou: Tipo de letra: (predefinido) Times New Roman, 12
pt

Formatou: Tipo de letra: (predefinido) Times New Roman, 12
pt

The MRI studies used for diagnosis were low-field and some authors may suggest that greater 

information could be achieved using high-field MRI. However, in human degenerative lumbar 

disease excellent agreement was found between high and low-field magnets, when comparing 

vertebral canal stenosis, lateral recess and exit foraminal stenosis as well as good agreement when 

assessing for spinal nerve compression (Lee et al. 2015). 

 

2. Prospective study 

 
This is the first study that prospectively assesses treatment of a dog population clinically affected 

by DLSS (Jeffery el al. 2014). This study evaluated the value of a single instillation ESI as 

treatment in DLSS, comparing outcome between both ESI and surgical decompression as well as 

its potential value as a predictor of surgical outcome.  

 

The results of this clinical trial were in accordance with previous studies, confirming the safety 

and efficacy of ESI (Janssens el al. 2009, Liotta et al. 2016, Salmelin et al. 2019). Contrary to the 

results reported by Janssens and others (Janssens et al. 2009), 15.6% failed to demonstrate a 

clinical response in our study. We measured both the duration of the clinical effect of ESI (termed 

here as relapse), and the length of time it took for ESI to be effective according to owners. A 

clinical response to ESI took a mean of 12.9 days, with some dogs taking up to 28 days for a 

response to be noticeable. Relapse occurred within 6 months of ESI with a median of 2 months, 

longer than the previously reported median of 11 days (Janssens et al. 2009). This is compatible 

with reports in people suffering from low-back pain, where as many as 50% of patients will be 

pain-free for two weeks, with only a very limited number of cases being pain-free after 6 months 

(White et al.1980, Parr et al. 2009). Both values reveal a variable response of individuals to ESI, 
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with ESI sometimes taking longer to act or having a longer effect than previously reported in dogs 

(Janssens et al. 2009).  

 

Interestingly, a subset of our population (15.6%) had a sustained, complete response to a single 

ESI, without relapse, with a mean follow-up time of 9.4 months. This demonstrates that a subset 

of DLSS affected dogs can respond to a single-instillation of ESI for a longer period of time than 

previously reported. Further prospective studies with more dogs and a longer follow-up time would 

be required in order to confirm if clinical signs do eventually relapse and to help identify factors 

associated with such a protracted response. 

 

In humans, despite the frequent utilisation of ESI for treatment of lumbar radiculopathy, its 

efficacy and indications are still matter of debate (Parr et al. 2009, Cohen et al. 2013, Roberts et 

al. 2009). Instillation of steroids, when utilised as a single treatment, has been shown to be 

equivalent to a single instillation of bupivacaine or saline (Roberts et al. 2009). In dogs, only the 

effect of methylprednisolone delivered into the epidural space in dogs with DLSS has been 

assessed (Janssens et al. 2009). Evaluation of a placebo or lidocaine administered into the epidural 

space would be of great interest in dogs with DLSS given the findings in people. 

The mechanism of action of ESI is still not well understood and it is most likely multifactorial. 

Corticosteroids can directly or indirectly inhibit the synthesis or release of pro-inflammatory 

mediators, alter neuromuscular junction and neuronal conductivity (namely nociceptive C-fibre 

conduction), and reduce oedema formation secondary to increased capillary damage and 

permeability (McLain et al. 2005). The direct instillation of an aqueous substance into the epidural 

space could lead to osmotic dilution and removal of inflammatory mediators (Wilkinson and 

Cohen 2013). There is also the advantage over oral medication of a more targeted corticosteroid 
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delivery with a reduction of systemic effects (McLain et al. 2005). In this clinical trial only one 

dog demonstrated evidence of suspected systemic absorption of corticosteroids by exhibiting 

polyuria and polydipsia. Epidural steroid injection is considered a relatively safe procedure in both 

dogs and humans (Parr et al. 2009, Janssens et al. 2009, Karaman 2011, Liotta et al. 2016, Salmelin 

et al. 2019), although severe complications secondary to an epidural injection have been reported 

in a dog (Remedios et al. 1996). ESI is a less-invasive and more affordable procedure than surgery. 

However, the need for repeated instillations can lead to cumulative costs and reduce owner 

compliance (Janssens et al. 2009). It also must be noted, that despite the delivery of a potent anti-

inflammatory drug such as methylprednisolone over the affected region, inflammation appears to 

be a rare finding in cases of foraminal stenosis and secondary nerve root enlargement (Matiasek 

et al. 2008). 

 

Comparison of clinical outcome in the seventeen dogs undergoing both ESI and subsequent 

surgical decompression, revealed that a complete response was obtained in 53% of cases (9/17) 

following surgery, against only 17.6% (3/17) following initial ESI (Table 1).  Clinical 

improvement was attained following surgery in all cases, despite 29.4% (5/17) having previously 

failed to respond to ESI alone. In terms of owner perceived outcome, ESI was subjectively not as 

effective as surgical decompression in regard to improving owner assessed mobility, quality of life 

but particularly pain (Fig. 2). There was a statistically significant difference in reduced pain, 

increased mobility, and greater quality of life score between sequential modalities, which appeared 

subjectively more marked in the pain score, where a difference of over 3 score points was observed 

between both mean and median initial and post-surgical score points. This data seems to indicate 

that decompressive surgery might be a superior treatment to single ESI in DLSS cases. 

 

Eliminou: trend towards
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The role of ESI as an accurate predictor of clinical or owner perceived outcome following 

decompressive surgery is less clear. All dogs enrolled in and completing this study, which 

underwent surgical decompression, showed a positive response. This was the case despite some 

having previously failed to respond to a single-instillation ESI. Also, some dogs responded so well 

to a single ESI that subsequent surgical decompression was not performed. Therefore, our initial 

hypothesis that a positive ESI response could indicate a successful outcome of subsequent 

decompression, could not be confirmed. 

 

Needle placement confirmation for epidural injection relies on techniques such as the hanging-

drop, loss-of-resistance test, pressure-waves measurement, epidurography, ultrasonography and 

epidural electrical stimulation (Adami and Gendron 2017, Valverde 2008). The epidural electrical 

stimulation method utilised in this study has been reported to possess a specificity of 93% and a 

sensitivity of 74% in the lumbosacral joint (Garcia-Pereira et al. 2010). Despite all epidural 

injections being performed by experienced clinicians, it is possible that the dogs that failed to 

respond to ESI may have been injected outside of the epidural space. However, no systemic side-

effects (e.g.polyuria or polydipsia) were reported by the owners of those dogs. 

All dogs presenting with concurrent pathologies including pelvic limb orthopaedic disease were 

excluded from this study. Despite not being within the scope of this study, the 84.4% short term 

response rate to ESI suggests that ESI may be a useful diagnostic procedure to help establish the 

contribution of DLSS to pelvic limb dysfunction from concurrent pathologies in dogs (e.g. acute 

or chronic orthopaedic disease affecting the hips or stifles). 

A series of limitations exist in this study. Clinical outcome information relied on the expertise of 

the same people that performed the procedures, potentiating clinician bias. Owner perceived 
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outcome is inherently subjective, prone to caregiver placebo effect that may be impacted by the 

relative cost of ESI versus surgical decompression. The utilisation of a subjective numeric 

grading for owner perceived outcome was not based on a previously validated method.   
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Chapter V 

 
CONCLUSIONS 
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1. Conclusions 

This thesis proposed to investigate surgical management strategies and new insights on outcome 

of DLSS. This has been initially addressed by investigating retrospectively the population 

presenting signs of foraminal stenosis managed surgically by means of a lateral foraminotomy. 

The retrospective study performed describes the largest reported population of dogs undergoing 

lateral foraminotomy following a previously reported procedure (Gödde and Steffen 2007). This 

confirmed that foraminotomy is a safe and reliable technique that can be used to address DLSS 

affected dogs suffering from foraminal stenosis, leading to minimal intra-operative and post-

operative complications when used either alone or in combination with dorsal laminectomy. Long-

term clinical improvement was achieved in all cases despite some transient recurrences which 

responded to conservative therapy.  Neuroforaminal entrapment may be a common cause for 

failure of dorsal laminectomy in the subset of patients in which this has been reported. This 

retrospective study demonstrates the importance of achieving an accurate diagnosis for the site of 

ongoing pathology in DLSS and that the lateral foraminotomy has a place in the repertoire of 

surgical approaches to DLSS which requires consideration when evidence of foraminal stenosis is 

present, confirming the initial hypothesis. 

The second prospective study has investigated different treatment protocols, using a series of 

outcome measures, through a specifically tailored owner-assessed scoring system and follow-up 

consultation, aiming to assess the usefulness of a single ESI in the management of DLSS, ESI as 

a predictor of outcome following decompressive surgery and compare the outcomes of ESI and 

decompressive surgery. 

The prospectively performed study confirms the previously reported efficacy of ESI as a treatment 

of DLSS (Janssens et al. 2009) although a positive response was not achieved in all cases. The 

mechanisms behind this response remain unexplained. Epidural steroid injection appears inferior 

to surgical decompression according to clinical and owner perceived outcome. Although surgical 

Eliminou: a

Eliminou: investigated 

Eliminou: several outcome measures
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decompression appears the preferable option to definitively control long-term clinical signs 

relating to DLSS, ESI resulted in a complete and apparently long-term sustained resolution of 

clinical signs in a subset of dogs. This suggests that ESI may play a role in the definitive 

management of DLSS cases when surgery is not an option, or indeed as an initial treatment at time 

of diagnosis. Response to ESI was not able to predict the short-term surgical outcome in this subset 

of dogs.  Further studies are needed to develop a protocol to identify patients which might respond 

long term to ESI alone. 

 

2. Future directions 

DLSS remains a field of study in clinical veterinary neurology that requires extensive work in 

order to stablish a more definitive classification, treatment options and outcome measures (Jeffery 

et al. 2014). A definitive scoring system for DLSS, ideally based on objective means (e.g. force 

plate analysis) is yet to be developed despite attempts of a more inclusive scoring system 

encompassing clinical signs and owner impressions (Steffen at al. 2017). A direct comparison 

between the outcome of dogs treated by decompression and decompression combined with 

stabilization, or indeed clear criteria defining instability are yet to be developed. 

The results of this thesis appear to be clinically relevant, by means of confirming the efficacy of 

the lateral foraminotomy procedure in cases with foraminal stenosis, as also demonstrating that 

ESI has a role in the management of DLSS particularly when surgery is not an option. 

  

Eliminou:  
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