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Abstract: Intervertebral disc disease is the most common disease of the spine in dogs and a main
cause of pain and neurologic dysfunction. This article reviews fundamental aspects of the
pathophysiology, clinical presentation, diagnosis, and treatment of disc extrusions. Chondroid
metaplasia of the nucleus pulposus is the central process in disc degeneration. The clinical presentation
varies considerably depending on breed, the location of the disc extrusion and the degree of
neurological damage. Advanced imaging techniques, such as computed tomography and magnetic
resonance imaging, have greatly improved diagnosis, being magnetic resonance considered the gold
standard. As for treatment, both medical and surgical management are effective options depending
on the degree of neurological damage and the initial response to conservative treatment. This
comprehensive analysis underlines the importance of a multidisciplinary approach to optimize the
quality of life of patients affected by intervertebral disc disease.
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1. Introduction

Intervertebral disc disease (IVDD) is the most common disease of the spinal cord in dogs and is
considered one of the main causes of pain and neurological dysfunction in this species. This disease
is characterized by the progressive degeneration of the intervertebral discs, crucial structures for
shock absorption, flexibility and stability of the spine [1,2].

Intervertebral disc (IVD) degeneration is characterized by chondroid metaplasia of the nucleus
pulposus, a process that occurs in both chondrodystrophic and non-chondrodystrophic dogs.
However, in chondrodystrophic canine breeds, expression of a fibroblast growth factor 4 retrogene
(FGF4) on chromosome 12 is associated with a significant acceleration of disc degeneration [3,4]. As
a consequence of IVD degeneration, mineralized disc material can extrude into the spinal canal,
where it causes compression of the spinal cord and nerve roots. This phenomenon, known as disc
extrusion or Hansen type I intervertebral disc herniation, is the most common form of disc herniation
in dogs and constitutes one of the main causes of neurological signs in these animals [5-7].

Because of contusion and compression of the spinal cord and nerve roots, disc extrusions can
cause pain, ataxia, paresis or plegia, and loss of sphincter control, depending on the severity of the
lesion. The impact of this disease on the animal's quality of life is significant, and its management
requires prompt and appropriate intervention to minimize neurological damage and alleviate clinical
signs [6-8].

The diagnosis of IVDD has improved considerably with the advancement of imaging
techniques. Currently, computed tomography (CT) and magnetic resonance imaging (MRI) are the
most widely used diagnostic tools, as they allow detailed visualization of the spine and disc lesions,
facilitating accurate localization and assessment of the degree of compression of nerve structures.
However, definitive diagnosis usually requires a multimodal approach combining clinical findings,
neurological evaluation and imaging studies [9].

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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The treatment of dogs affected by IVDD can be medical or surgical, depending on several factors,
such as the degree of neurological damage or the degree of clinical response of the dog to conservative
treatment, among others. The prognosis varies considerably depending on the degree of neurological
damage and the speed with which the disease is diagnosed and treated. In cases where intervention
is early and effective, the results can be very positive, with complete recovery of neurological function
in many cases. However, in severely injured dogs, the prognosis for recovery of ambulatory function
and sphincter control can be guarded to severe [1,2].

The aim of this review article is to provide a comprehensive analysis of the fundamental aspects
of IVDD in dogs, focusing on the pathophysiology, clinical presentation, the most effective diagnostic
strategies and current treatments for disc extrusions (Hansen type I herniations). Through this
review, we seek to provide a comprehensive and updated view of the disease, based on the most
recent scientific literature, in order to improve the knowledge and clinical management of this
pathology in veterinary practice.

2. Topic Presentation
2.1. Pathophysiology

Degeneration of the IVD is defined by chondroid metaplasia of the nucleus pulposus, a process
that occurs in both chondrodystrophic and non-chondrodystrophic dogs. During the initial stages of
this degenerative process, the nucleus pulposus undergoes remarkable cellular changes, where
clusters of notochordal cells are replaced by chondrocytes and their corresponding extracellular
matrix. This matrix presents similar characteristics to hyaline cartilage and is mainly composed of
disorganized collagen fibers. Simultaneously, a decrease in the content of glycosaminoglycans is
observed, while the proportion of collagen increases (Figure 1) [10].

To assess the degree of IVD degeneration, Bergknut et al. (2013) proposed a classification scheme
based on postmortem analysis of complete intervertebral segments. Subsequently, Kranenburg et al.
(2013) adapted this model for application in surgical biopsies, facilitating its usefulness in the clinical
setting [11,12]. Recently, a tool to assess the degree of disc degeneration with T2-weighted imaging
using the Pfirrmann classification scheme has been reported [13-15].

This metaplasia and chondroid calcification may eventually lead to a type of IVD herniation,
known as disc extrusion or Hansen type I herniation, in which the degenerated nucleus pulposus
extrudes acutely through a ruptured fibrous ring into the spinal canal [16]. The other types of
herniations described in the canine species, which we will not address in this review, are: Hansen
type II disc herniation, acute non-compressive nucleus pulposus extrusion, acute hydrated nucleus
pulposus extrusion, acute intradural/intramedullary nucleus pulposus extrusion, acute nucleus pulposus
extrusion with extensive epidural hemorrhage, traumatic intervertebral disc extrusion [5].

In cases where disc material is extruded into the epidural space, it is common to observe an
inflammatory response accompanied by hemorrhage. This inflammation is characterized by
predominant infiltration of lymphocytes and macrophages into the extruded disc material. It has
been suggested that this inflammatory response is triggered by the exposure of antigenic components
of the nucleus pulposus which, upon herniation into the vertebral canal, activate the immune system
[17].
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Figure 1. Sections of a canine intervertebral disc extrusion, with a high degree of degeneration, stained with: (a)
Hematoxylin-Eosin, (b) Masson's Trichrome and (c) Alcian Blue-PAS (10x).

However, inflammatory infiltrates have not been identified in histological specimens of
complete functional spinal cord units, which explains their exclusion in the previously mentioned
classification schemes. It has been proposed that acute inflammation could exacerbate clinical signs
through extradural tissue swelling generated by inflammatory edema and the resulting compression
on the dura mater. Furthermore, in the event that the dura is compromised, inflammatory mediators
could directly affect the spinal cord [12].

It is relevant to note that no correlation has been established between the amount of extruded
disc material and the degree of IVD degeneration with the degree of neurological injury of the IVDD.
This suggests that current histological classification systems have limitations in predicting the
functional consequences of IVDD, since they do not integrate factors such as trauma, neural
compression, or inflammatory response, necrosis and hemorragy (Figure 2) [11,12].
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Figure 2. Sections of a canine intervertebral disc extrusion stained with: (a) Hematoxylin-Eosin, (b) Masson's

Trichrome and (c) Alcian Blue-PAS (10x). A severe inflammatory reaction with necrosis and hemorragy are seen
(more than 75% of the sample).

In this context, the authors of this article are developing an investigation in which a significant
correlation between the degree of inflammation and the degree of degeneration has been identified
in a canine population with disc extrusions. This finding suggests that it would be necessary to study
the possible usefulness of including the degree of inflammation in the histological classification
schemes of the IVD to improve the predictive capacity regarding the functional impact of the disease,
opening new perspectives for the selection of the recommended drugs for its treatment.

2.2. Clinical Presentation

The overall prevalence of intervertebral disc herniation in dogs is estimated at 2%, with its
clinical presentation varying according to different factors, among them there is considerable
variability depending on the breed analyzed [18,19]. The most commonly affected chondrodystrophic
dog breeds include the Dachshund, Pekingese, French bulldog, and Beagle, among others. These
breeds, particularly young and middle-aged individuals, are at increased risk of developing
intervertebral disc extrusions due to their genetic predisposition and early degeneration of the nucleus
pulposus. Although less frequent, this type of herniation can also occur in non-chondrodystrophic
dogs. In chondrodystrophic breeds, the incidence of disc herniation peaks between 3 and 7 years old,
while in non-chondrodystrophic breeds, it peaks between 6 and 8 years old [1,20].
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Several studies have indicated that neutered males and females are at increased risk of
developing IVD herniation compared to intact females, although the results vary between
investigations. However, the risk of disc extrusion does not appear to be associated with factors such
as body weight, physical condition, or activity level of the animal [21].

Disc extrusion can occur in any segment of the spine, most commonly between T11-T12 and L2-
L3, which varies across studies. Clinical signs depend on the location of the herniation and their
severity varies from mild spinal pain without neurological deficits to complete paralysis with loss of
sensation (view supplementary material). To assess the severity of the neurological injury, the
modified Frankel scale is commonly used, which classifies patients from grade 1 (hyperesthesia
without neurological deficits) to grade 5 (plegia without deep pain sensation) (Table 1). The typical
clinical presentation of disc extrusion includes acute-onset myelopathy, with progression of
neurological deficits and characterized by significant pain [1,22,23].

Table 1. Modified Frankel Score [24].

Grade 1 Spinal hyperaesthesia

Grade 2 Ambulatory paraparesis

Grade 3 Non-ambulatory paraparesis

Grade 4 Paraplegic with intact pain sensation
Grade 5 Paraplegic with absent deep pain sensation

Cervical disc extrusion occurs in 12.9% to 25.4% of cases of IVD herniation in dogs. Between 15%
and 61% of patients with cervical herniation exhibit clinical signs of cervical hyperesthesia, often
without further neurologic deficits. This lower incidence of neurologic deficits, compared with
thoracolumbar hernias, is attributed to the larger diameter of the vertebral canal in the cervical region.
In cases of cervical herniation, unilateral or bilateral lameness caused by nerve root compression
(called root sign) is seen in 15% to 50% of cases. Although rare, serious complications may include
profound sensory loss and respiratory distress. The most frequently affected disc spaces in small-
breed dogs are C2-C3, while in large breeds C6-C7 predominate. In general, C5-C6 and C6-C7 are the
disc spaces most commonly involved in cervical herniation of the IVD [25-28].

Thoracolumbar extrusions account for 66% to 87% of cases of IVD herniation in dogs. The most
commonly affected disc spaces in chondrodystrophic breeds are T12-T13 and T13-L1, while in non-
chondrodystrophic breeds, T13-L1 and L1-L2. These hernias can generate a wide range of clinical
signs, from mild hyperesthesias to paraplegia with or without profound sensory loss. Lesions at the
nerve root level may also occur in the lumbosacral region, and usually present with lameness. In
some acute cases, they may present with spinal shock, in which spinal reflexes caudal to a severe
acute injury may be diminished or absent, or with Schiff-Sherrington's posture, which are of no
prognostic value. Progressive myelomalacia (PMM) is the most severe complication that can occur in
dogs with thoracolumbar disc extrusions. Its incidence is between 10-17.5% of paraplegic dogs with
absence of deep sensibility, and can reach 33% in French Bulldogs. In this breed, this complication is
more frequent in caudal lumbar location. Although it is a clinical diagnosis in many cases, it is
important to recognize its characteristics on MRI, which will be discussed later [1,2,29-31].

As mentioned at the beginning of this section, the clinical presentation is highly variable between
breeds [32,33]. Thus, it is more interesting to study each breed separately. In our center, we have
reviewed the clinical presentation of disc extrusions in a population of 186 French Bulldogs with disc
extrusions. In this population, hernias were more frequent in males (122) than in females 64 (34.4%),
with a mean age of 4.8 years. A high proportion of cervical disc extrusions was observed (48.9%),
with the C3-C4 intervertebral space being the most affected. In addition, cervical lesions tended to
have lower neurological grades (57.1% grade 1) compared to thoracolumbar lesions. In
thoracolumbar and lumbar disc extrusions, the most affected intervertebral space was T13-L1,
followed by L1-L2 and L3-L4. Hernias were more frequent in the L1-L5 vertebral segment than in
T12-L1. Unlike other chondrodystrophic breeds, French Bulldogs have a higher prevalence of cervical
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and caudal lumbar disc herniations. In addition, similar to what was previously described, cervical
lesions had a lower degree of neurological damage than thoracolumbar lesions. These findings
highlight the clinical variability of intervertebral disc herniation depending on breed and location,
underscoring the importance of tailoring clinical management to the specific characteristics of each
patient.

2.3. Diagnosis

The diagnosis of IVDD has undergone significant advances in recent years, positioning CT and
MRI as the most accurate tools. These modalities have proven superior to traditional techniques, such
as plain radiographs and myelography [34,35].

Plain radiographs (Figure 3) are a commonly used tool in the veterinary clinic, although they
have notable limitations in the evaluation of disc extrusions. Radiographic findings associated with
extrusions include reduction of the IVD space, narrowing of the articular facets, opacity of the
intervertebral foramen, presence of mineralized disc material in the vertebral canal, and vacuum
phenomenon. Although radiographs achieve an accuracy of between 51% and 94.7% in the
identification of the herniated disc space, they do not provide sufficient information on the extent of
extrusion, lateralization, nor on the degree of spinal cord compression. Therefore, they are not
suitable as the only diagnostic tool and their usefulness is for ruling out other spinal diseases [36].

Figure 3. Right-lateral radiograph of the lumbosacral spine of a dog spine in a dog with a surgically confirmed
disc extrusion at L5-L6 (white arrow). Note the reduction of the interverbertebral disc space and the presence of

mineral disc material in the vertebral canal.

Myelography is a technique that has been displaced by advanced imaging tests. This technique
can be combined with CT. The following criteria have been proposed for the diagnosis of disc
extrusions: thinning and deviation of the contrast columns, discontinuity or mild to severe thinning
of the contrast columns, diffuse thinning beyond the limits of the affected disc, and asymmetric
distribution of contrast cranial or caudal to the injured disc. The diagnostic sensitivity of
myelography varies between 53% and 97%. However, its accuracy in determining the lateralization
of extrusion is lower compared to other advanced techniques and, in patients with severe spinal cord
inflammation, contrast columns may not be correctly visualized, making surgical planning difficult.
In addition, it carries associated risks, such as temporary neurological deterioration and post-
myelographic seizures, especially in large dogs or those receiving high volumes of intrathecal
contrast [37,38].

Before myelography is performed, cerebrospinal fluid (CSF) is usually collected for analysis. In
dogs with disc extrusions, pleocytosis has been detected in 51% of cases, being more prevalent in
thoracolumbar (61%) compared to cervical (23%) lesions. The presence of pleocytosis was associated
with greater spinal cord damage in cases of thoracolumbar IVDD. Also, a higher percentage of
macrophages was observed in dogs without profound sensibility that failed to recover the ability to
walk. Protein concentration was increased more frequently in cervical extrusions (60%) compared to
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thoracolumbar extrusions (16%). On the other hand, in dogs examined more than 7 days after the
onset of clinical signs, lymphocytes predominated, suggesting the presence of inflammatory changes
secondary to chronic spinal cord injury [39].

CT (Figure 4) is a rapid and lower cost diagnostic tool compared to MRI. It offers a sensitivity of
81% to 100%, particularly in chondrodystrophic dogs with mineralized discs. Typical features of disc
extrusion seen on CT include: hyperattenuating material within the vertebral canal, loss of epidural
fat, and distortion of the spinal cord. CT also allows distinguishing between acute and chronic
mineralized disc material, a capability limited on MRI. However, this technique is less accurate in
older (>5 years) or small dogs (<7 kg) and does not provide details on the severity of intramedullary
lesions, limiting its prognostic utility [36,40].

Figure 4. Computed tomographic (CT) images showing several examples of the appearance of mineralized
intervertebral disc extrusion in the vertebral canal. (A) Sagittal reconstructed non-contrast CT image showing a
hyperattenuating mass suggestive of extruded disc material into the vertebral canal between C2-3 (arrow). (B)
Transverse non-contrast CT image of the same patient showing a large hyperattenuating mass into the vertebral
canal at the intervertebral disc level C2-3 with a mild lateralization to the left (arrow). (C) Sagittal reconstructed
post-contrast CT image showing an extensive heterogeneously hyperattenuating material (compared to the
spinal cord) suggestive of extruded degenerated disc mixed with epidural haemorrhage, compressing the spinal
cord along the vertebral bodies of T13 and L1. (D) Transverse non-contrast CT image showing a large
hyperattenuating mass disc extrusion occupying most of the vertebral canal at the intervertebral disc level L1-
L2.

MRI (Figure 5) is currently considered the gold standard for the diagnosis of IVDD in both
veterinary and human medicine. With a diagnostic sensitivity of over 98.5%, it provides detailed
information on spinal cord compression and intramedullary lesions [41]. Characteristic findings
include: extradural compression of the spinal cord, visible as loss of hyperintense signal on T2-
weighted images and presence of a hypointense mass (extruded nucleus pulposus) on T1 and T2. The
degree of spinal cord compression can be classified (on both CT and MRI) as mild (<25%), moderate
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(25-50%) or severe (>50%) according to the percentage reduction in spinal cord diameter. In addition,
certain parameters observed on MRI images have been associated with unfavorable prognoses.
Intramedullary T2 hyperintensity (more than 6 times the sagittal L2 length), T2 hypointensity and
CSF signal attenuation on HASTE/T2* sequences have been variably associated with worse locomotor
outcome and the development of PMM. Despite its many advantages, MRI has certain limitations,
such as high cost, long acquisition times, and lower availability compared to other imaging
modalities [36,41].

Figure 5. Magnetic resonance imaging (MRI) images showing two examples of the appearance of mineralized
intervertebral disc extrusion in the vertebral canal (A) Dorsal TIW image showing the hypointense compressive
material (arrows) at L2-3. (B) Sagittal T2W image showing a severe ventral extradural compression in the ventral

aspect of the vertebral canal at the intervertebral level T13-L1 (arrows).

CT is considered a first-line option in dogs with acute disc extrusion and degenerated discs
because of its speed and affordability. It is particularly useful in young to middle-aged
chondrodystrophic dogs. On the other hand, MRI is preferable in complex cases, as it identifies
intramedullary lesions and concomitant pathologies, fundamental for a comprehensive diagnosis
and accurate surgical planning. In conclusion, the selection of the imaging modality should be based
on the clinical characteristics of the patient, the availability of the equipment and the specific
diagnostic objectives [42,43].

2.4. Treatment

Disc extrusions can be managed medically or surgically, with specific variations depending on
the location of the herniation (cervical or thoracolumbar) [44]. The particularities of each location will
be discussed below.

Thoracolumbar disc extrusions:

Medical treatment includes restriction of physical activity and analgesia. Surgical treatment
consists mainly of decompression of the spinal cord by hemilaminectomy, with or without
fenestration of the intervertebral disc. Recurrence rates associated with medical management range
from 15% to 66%, in contrast to significantly lower rates in dogs undergoing hemilaminectomy
combined with fenestration [45].

Ambulatory dogs can be successfully treated conservatively, although the risk of recurrence
must be considered. In young active dogs, especially those with multiple mineralized discs and
recurrent episodes, surgery may be a preferable option. Surgical decompression is also indicated in
cases of progressive neurologic signs, lack of improvement, or persistent pain despite adequate
medical management [43,46].

For nonambulatory paraparetic or paraplegic dogs with profound sensibility, medical
management can be effective; however, success rates, recovery, and reduction of recurrences are
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generally superior with surgery, so the latter is recommended. In paraplegic patients with absence of
profound sensibility, the success of medical management is low and an increased incidence of PMM
is observed, justifying surgical treatment [43,47].

The main components of medical management include activity restriction (at least 4 weeks) to
promote healing of the annulus fibrosus, pain management, treatment of urinary incontinence, and
prevention of pressure ulcers. During this period, it is recommended to keep the animal in a confined
area, except for rehabilitation exercises or physiological needs [45].

Regarding to medical treatment, corticosteroids are not routinely recommended in the acute
phase. In the chronic phase, a short course of anti-inflammatory doses may be useful in some cases.
NSAIDs are recommended for 5-7 days, when there are no contraindications. Persistent analgesia
beyond this period may indicate the need for reevaluation and potential surgical management.
Medications for pain management include NSAIDs, gabapentin or pregabalin (for neuropathic pain)
and muscle relaxants, such as diazepam or methocarbamol. In cases of severe pain requiring opioids,
hospitalization is suggested until patient stabilization [43].

Brief hospitalization (1-2 days) is recommended in medically treated dogs with progressive
signs, allowing close monitoring for neurologic deterioration. In situations where surgical treatment
is not feasible, medical management can be considered for any degree of injury, except in cases with
clinical evidence of PMM [43,48]. In a recent publication, it has been reported that a high proportion
of dogs (96% and 48% with and without profound sensibility, respectively) treated conservatively
regained ambulation after conservative management [49].

In the surgical management of thoracolumbar extrusions, the most common techniques include:
hemilaminectomy, minihemilaminactomy/pediculectomy, dorsal laminectomy, intervertebral disc
fenestration with or without concurrent laminectomy, and laminectomy with durotomy. In recent
years, various minimally invasive techniques have also been reported. Hemilaminectomy (Figure 7)
and minihemilaminectomy, with or without concurrent fenestration, are usually the preferred
surgical approaches because of their efficacy in accessing and removing disc material [43,50]. On the
other hand, durotomy may improve outcomes in dogs with severe neurological signs and decrease
the risk of PMM [51].

The literature supports the early performance of surgical decompression in dogs with significant
neurological deficits, but does not establish a fixed schedule for its urgency. In this context, it is
important to emphasize that surgery should not be refused in dogs that have been paralyzed for a
prolonged period, as recovery of ambulation is possible even in those without profound sensibility
and with paralysis of more than one week of evolution [52-55].

Prophylactic fenestration consists of the removal of disc material in situ to prevent future
extrusions. Originally, this technique was used to treat disc extrusions without the need for
laminectomy; however, it is now more frequently performed at the site of extrusion, along with
decompression, to reduce the risk of further extrusion through the ruptured annulus fibrosus in the
early postoperative period [56].

Fenestration of the herniated disc space at the time of surgical decompression is recommended,
thus minimizing the likelihood of recurrence at the affected site. It can also be performed on adjacent
discs, typically between T11l and L4, as a preventive measure. In predisposed breeds, such as
Dachshunds and French bulldogs, fenestration is recommended even in non-mineralized discs
[43,57].

The decision to fenestrate should take into account factors such as the patient's clinical status
and surgical time. Multi-site fenestration has a low complication rate when performed by an
experienced surgeon. Complications, although infrequent, are usually mild and do not affect the
patient's mobility or life, except in discs caudal to L4-5, where the risk increases and routine
fenestration is not recommended. Fenestration is also not suggested at T10-11 and more cranially due
to the low incidence of extrusions at these locations [58,59].

Following surgery, dogs may experience discomfort at the surgical site for up to six weeks, and
a small percentage may develop chronic neuropathic pain. Confinement and activity restriction for
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atleast four weeks are essential components of postoperative care, although they should be combined
with rehabilitative exercises. The recommended analgesic protocol includes: opioids for 24-48 hours
postoperatively (or longer if necessary), fentanyl patch for 3-5 days, NSAIDs for 7 days as an
alternative or adjunct to the fentanyl patch, and gabapentin or pregabalin to manage neuropathic
pain. Additionally, interventions such as erector spinae muscle blockade, epidural morphine, and
pulsed electromagnetic field therapy have been shown to be effective in reducing intraoperative and
postoperative pain [43].

One of the most challenging consequences of thoracolumbar IVDD is the loss of voluntary
urination and incontinence. Paraplegic dogs cannot urinate voluntarily, and although they may
regain this ability, bladder emptying may be incomplete for weeks, increasing the risk of urinary tract
infections. Even dogs that recover deep sensation and motor function may have suboptimal
continence. Management of these cases may include the use of alpha-adrenergic antagonists (ex.
Prazosin) to relax the internal urethral sphincter, with or without muscle relaxants, such as diazepam
for the external sphincter. Techniques to empty the bladder include manual compression,
intermittent catheterization, or the use of indwelling catheters, although the latter should be limited
in the short term because of the risk of infection [45].

PMM is a clinical syndrome characterized by progressive necrosis, ischemia and hemorrhage of
the spinal cord that expands cranially and caudally from the initial injury site. It develops within 24
hours to 14 days after an acute injury associated with a thoracolumbar spinal cord extrusion. In
paraplegic dogs without profound sensibility, its prevalence ranges from 10% to 33%. Although
French bulldogs seem to be more prone, previous studies did not control for factors that might
influence the incidence [60].

Although histopathologic examination is the gold standard for the diagnosis of PMM, the
presumptive diagnosis of PMM includes the combination of clinical findings such as ascending
paralysis, loss of spinal reflexes, cranial migration of the cutaneous truncal reflex, hypoventilation,
Horner's syndrome, diffuse pain, and thermodysregulation. A combination of clinical findings can
support a high level of suspicion for PMM and, when combined with imaging findings (discussed
previously) and serum biomarkers (GFAP, pNfH), may be even more suggestive of the condition. It
has been reported that focal or extensive hemilaminectomy and durotomy may decrease the risk of
PMM development in dogs presenting paraplegic without profound sensibility [61,62]. However,
other publications have shown that durotomy is ineffective in improving functional outcome for
severe acute thoracolumbar spinal cord injury in dogs [63].

Although several prognostic markers have been investigated, the absence of deep sensibility is
the main unfavorable factor in daily clinical practice. Dogs with deep pain sensation have a good
prognosis, especially if treated surgically. In contrast, the prognosis is guarded for those without deep
pain sensation, with recovery rates after surgery ranging from 0% to 76%. In general, the prognosis
is poor if no recovery of sensibility is observed within the first 2 to 4 weeks postoperatively [64-69].

Cervical disc extrusions:

Medical treatment for cervical extrusions is similar to that for thoracolumbar extrusions.
Surgical treatment is usually recommended in dogs presenting with severe cervical pain, neurologic
deficits, recurrence or deterioration of clinical signs after medical treatment, or in patients with a
chronic history. Surgical techniques include ventral fenestration, hemilaminectomy, dorsal
laminectomy and ventral slot (Figure 8). The latter is considered a safe and effective procedure, as it
allows access to the ventrally located extruded nucleus pulposus. Performing multiple ventral slots
does not affect the prognosis, and recurrence of clinical signs such as cervical hyperesthesia or
tetraparesis is documented in only 0 % to 17 % of cases (Figure 6). Postoperative management does
not differ with respect to thoracolumbar extrusions [1,70].
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Figure 6. Sagittal reconstructed non-contrast CT images of a dog presenting with two simultaneous cervical disc

herniations (C3-4 and C5-6) (arrows). (A) Pre-surgical and (B) post-surgical.

Other therapies that have been reported for the treatment of disc extrusions include low-level
laser therapy, electromagnetic fields or oscillating electric fields, systemically or locally applied
hypothermia, neuroprotective chemicals, physical rehabilitation, hyperbaric oxygen therapy,
electroacupuncture, electrical stimulation of the spinal cord or specific peripheral nerves, nerve
grafting strategies, 4-aminopyridine, chondroitinase ABC, and cell transplantation. Although there
are reports on the potential benefits of acupuncture, it is not currently recommended as an alternative
to surgical management. On the other hand, basic physical rehabilitation exercises are recommended
as a complement to medical treatment. As for the other therapies, more controlled studies are still
needed to demonstrate their efficacy [71-73].

3. Conclusions

IVDD in dogs is one of the most relevant pathologies in veterinary practice, given its prevalence
and significant impact on the quality of life of patients. This review article addresses the most recent
advances in the pathophysiology, clinical presentation, diagnosis and treatment of disc extrusions.

Intervertebral disc degeneration, marked by chondroid metaplasia of the nucleus pulposus, is
central to the development of IVDD. The clinical presentation varies considerably depending on
breed, the location of the disc extrusion and the degree of neurological damage, underscoring the
need for individualized approaches in the diagnosis and treatment of each case.

Advanced imaging techniques, such as CT and MRI, have greatly improved diagnostic accuracy,
allowing detailed evaluation of disc extrusions and their neurological consequences. MRI is
established as the gold standard, although the choice of diagnostic modality should be tailored to the
available resources and clinical needs of each patient.

As for treatment, both medical and surgical management have their place in the treatment of
IVDD, depending on the degree of neurological damage and the initial response to conservative
treatment. Surgical techniques, such as hemilaminectomy, fenestration and ventral slot, offer
favorable results in patients with severe neurological deficits, while medical management may be
sufficient in less severe cases.

This comprehensive analysis underscores the importance of a multidisciplinary approach in the
management of IVDD in dogs, in order to improve clinical outcomes and quality of life of affected
patients.
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