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Intervertebral disc disease (IVDD) has been recognized in dogs since the 1800s, when the

first descriptions of extruded disc material within the vertebral canal were published. In

the intervening time our understanding of intervertebral disc pathology in dogs and cats

has increased dramatically, with many variations of IVDD described. Whilst the volume

of literature and collective understanding of IVDD has expanded, there has also been

scope for confusion as the definition of intervertebral disc disease, with its myriad different

manifestations, becomes more complicated. A large volume of literature has aimed to

combine the use of histopathology, diagnostic imaging and clinical findings to better

understand the various ways in which IVDD can be classified. Much of this research

has focused on the classification of mechanisms of intervertebral disc degeneration,

centering around the differences between, and overlaps in, IVDD in chondrodystrophic

and non-chondrodystrophic dog breeds. However, with the increasing availability

of advanced imaging modalities allowing more accurate antemortem diagnosis, the

concept of IVDD has expanded to include other clinical presentations that may not fit

into traditional models of classification of IVDD. This review aims to provide an up to date

overview of both historical and current systems of IVDD classification, highlighting the

important findings and controversies underpinning them.
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INTRODUCTION

Intervertebral disc disease (IVDD) is a broad term that is widely used in veterinary medicine and
encompasses a range of lesions affecting the intervertebral disc (Table 1). Since the first descriptions
of IVDD in the dog by Dexler in the late 1800s (1, 2), advances in understanding of the underlying
etiology have resulted in a gradual evolution in terminology and systems of classification. Initial
reports described the presence of cartilaginous material within the epidural space of the vertebral
canal (so-called enchondrosis intervertebralis), which was subsequently found to be associated with
degenerated nucleus pulposus (1, 3). Building on these findings in the 1940s and 50s, Hansen and
Olsson made huge advances in understanding the nature of canine IVDD, proposing a system of
classification based on histopathological degenerative changes that persists today (2, 4–7). They
described two distinct types of IVD degeneration, namely chondroid and fibroid metaplasia,
associated with specific breed and signalment signatures. This introduced the classification of dog
breeds according to the type of IVDD that was more prevalent, into chondrodystrophic (chondroid
metaplasia) and non-chondrodystrophic (fibroid metaplasia) breeds (5, 8). These insights led to
the subsequent classification of IVDD into Hansen Type I and Hansen Type II herniations, a
system that is still widely used in veterinary medicine (4, 5, 9). At the time of this initial work,

https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org/journals/veterinary-science#editorial-board
https://www.frontiersin.org/journals/veterinary-science#editorial-board
https://www.frontiersin.org/journals/veterinary-science#editorial-board
https://www.frontiersin.org/journals/veterinary-science#editorial-board
https://doi.org/10.3389/fvets.2020.579025
http://crossmark.crossref.org/dialog/?doi=10.3389/fvets.2020.579025&domain=pdf&date_stamp=2020-10-06
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles
https://creativecommons.org/licenses/by/4.0/
mailto:jfenn@rvc.ac.uk
https://doi.org/10.3389/fvets.2020.579025
https://www.frontiersin.org/articles/10.3389/fvets.2020.579025/full


Fenn et al. Classification of Intervertebral Disc Disease

TABLE 1 | Glossary of words commonly used in the description of intervertebral

disc disease and suggested definitions.

Term used Proposed definition

Intervertebral disc (IVD) disease Very broad, non-specific term suggesting

clinical IVD herniation, subclinical IVD

herniation, or IVD degeneration without

herniation

IVD herniation/

prolapse/displacement

Non-specific descriptors that can be used to

describe any form of IVDD that results in loss of

structural integrity with part of the IVD

displaced beyond its normal

boundaries—typically into the vertebral canal

IVD extrusion Used to describe the

herniation/prolapse/displacement of internal

contents (predominantly nucleus pulposus)

through the annulus fibrosus. Can be

associated with varying degrees of

degenerative change, hydration, or trauma

IVD protrusion Used to describe the

prolapse/herniation/displacement of the

annulus fibrosus beyond its normal boundaries

Typically associated with fibroid metaplasia

(often referred to as Hansen Type II IVD

herniation)

Hansen and others used various terms to describe the subsequent
displacement of IVD material into the vertebral canal, with
“protrusion,” “extrusion,” “prolapse” and “herniation” often used
interchangeably (2, 5). Indeed, Olsson stated as much in 1951,
reporting that “Disc protrusion [is] a synonym for disc herniation
and disc prolapse” (2). Since then, the term “IVD extrusion”
has become more widely associated with the acute extrusion of
nucleus pulposus from an IVD that has features of chondroid
metaplasia, whilst “IVD protrusion” has largely been reserved
chronic annulus fibrosus thickening originally associated with
fibroid metaplasia. In contrast, the term “IVD herniation”
continues to be largely used as an umbrella term without
specificity to a particular type of degenerative change. For the
purposes of this report, in consistency with recent veterinary and
human literature (10, 11), we have therefore used IVD herniation
as a non-specific term to encompass any type of localized IVD
displacement. This basic terminology is outlined in Table 1.

In recent years further advances in the understanding of
IVDD have been made, building on the seminal early work of
Hansen and Olsson. For example, the use of detailed histological
grading systems has suggested that both chondrodystrophic
and non-chondrodystrophic breeds of dog undergo chondroid
metaplasia, albeit at very different rates and times (9, 12–14).
Our understanding of the basis of early chondroid metaplasia
in chondrodystrophic breeds has also improved dramatically
with discovery of expression of a fibroblast growth factor 4
(FGF4) retrogene on chromosome 12 as a strong risk factor
for IVD extrusion (15–17). In addition to these advances in
histological and genetic descriptions of IVDD, advances in
diagnostic techniques such asmagnetic resonance imaging (MRI)
have contributed to the expansion of the group of conditions that
might reasonably be referred to as types of IVDD in dogs and cats.

The improved diagnostic ability provided by these developments
has led to the increasingly frequent diagnosis of IVD conditions
that occur with minimal evidence of traditional features of disc
degeneration, including the herniation of relatively well-hydrated
nucleus pulposus material (18–20). This has created a degree of
confusion, as numerous reports of similar clinical presentations
have appeared in the literature under a variety of terminology
(Table 2). This is perhaps best exemplified by the condition
variably termed Hansen Type III IVD herniation, traumatic IVD
extrusion and high-velocity low-volume IVD extrusion among
others, before recently becoming more uniformly accepted as
acute non-compressive nucleus pulposus extrusion (ANNPE)
(18, 74–76). Whilst these terms are all used to indicate a peracute
non-compressive extrusion of nucleus pulposus, traumatic IVD
extrusion has also been applied to cases of compressive extrusion
of degenerative nucleus pulposus following vertebral column
trauma (77). Alongside ANNPE, further conditions that can
be considered as types of IVDD have also appeared with
increasing frequency in the literature, such as intradural or
intramedullary disc extrusions (IIVDE) and acute compressive
hydrated nucleus pulposus extrusions (HNPE) (20, 88, 101). In
this article we have utilized updated and consistent terminology
for these conditions that builds on the traditional two-type IVDD
classification model.

As genetic investigations continue and advanced imaging
techniques improve, it is likely that this terminology will evolve
further. As a result, it is important to periodically review recent
and historical literature surrounding IVDD classificationwith the
aim of developing intuitive terminology that reduces confusion
and allows a better understanding of the underlying etiology.
Specifically, a better understanding of disease classification and
terminology is vital in order to facilitate effective research efforts,
allowing optimal study design and case selection for clinical,
molecular and histological investigations aimed at ultimately
improving patient welfare and treatment outcomes.

Whilst there are still many controversies in the categorization
of types of disc-associated lesions in veterinary medicine, in
this article we aim to review the relevant literature and to
outline a consensus where possible. We will provide an up
to date overview of reported types of IVDD, highlighting
important features, and aiming to explain the theories behind
their classification.

ANATOMY OF THE INTERVERTEBRAL
DISC

The intervertebral disc plays a critical role in stability of
the vertebral column, effectively binding individual vertebrae
together to provide support for the entire axial skeleton while
allowing multiplanar movement. Additionally, it protects the
spinal cord and facilitates the exit/entrance of peripheral nerves.
Embryologically it derives from themesodermwith the exception
of the nucleus pulposus, which is a remnant of the notochord
(104, 105). The intervertebral disc has 4 regions, all of which
contribute to its complex role; the nucleus pulposus, the
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TABLE 2 | Terminology used in the veterinary literature to describe different types of intervertebral disc (IVD) disease.

Proposed/current

consensus

Examples of reported

terms used

References

(Hansen Type I/Acute) IVD extrusion Hansen Type I IVD herniation (9, 21–24)

Hansen Type I IVD extrusion (25–31)

Hansen Type I IVD disease (32–36)

(Acute-) IVD herniation (24, 37–46)

(Acute-) IVD extrusion (33, 34, 41, 47–53)

(Acute-) IVD disease (54–58)

IVD protrusion (54, 59, 60)

Type I protrusion/prolapse (5)

(Hansen Type II/Chronic) IVD protrusion Hansen Type II IVD herniation (9, 22, 23, 61)

Hansen Type II IVD protrusion (29, 61, 62)

Hansen Type II IVD disease (62)

IVD protrusion (23, 48, 51, 61, 63–66)

Type II protrusion/prolapse (5)

Acute IVD extrusion (Hansen Type I) with extensive epidural

hemorrhage

Acute IVDE with extensive epidural hemorrhage (37, 67)

Disc extrusion with extensive epidural hemorrhage (DEEH) (67)

Epidural spinal hematoma and IVD extrusion (68)

Acute non-compressive nucleus pulposus extrusion (ANNPE) Acute non-compressive nucleus pulposus extrusion (ANNPE) (18, 35, 52, 69–73)

Hansen Type III IVDD (74)

High-velocity, low-volume IVD extrusion (75)

Traumatic IVD extrusion (76, 77)

IVD explosion (78)

Traumatic IVD prolapse (5)

Missile disks (79, 80)

Hydrated nucleus pulposus extrusion (HNPE) Hydrated nucleus pulposus extrusion (HNPE) (19, 20, 81, 82)

Hydrated nucleus pulposus herniation (83)

Acute compressive hydrated nucleus pulposus extrusion (84)

Partially degenerated disc extrusion (85)

Intraspinal cyst (86, 87)

Canine discal cyst (86)

Intradural/intramedullary IVD extrusion (IIVDE) Intradural/intramedullary IVD extrusion (IIVDE) (88)

Intradural IVD herniation (72, 89, 90)

Intramedullary IVD herniation (91)

Intramedullary IVD extrusion (92, 93)

Traumatic IVD extrusion Traumatic IVD extrusion (76, 77)

Traumatic IVD prolapse (5)

Fibrocartilaginous embolic myelopathy (FCEM) Fibrocartilaginous embolic myelopathy (FCEM) (79, 88, 94, 95)

Fibrocartilaginous embolism (FCE) (96–99)

Ischaemic myelopathy (69, 77, 96, 100–102)

Spinal cord infarction (103)

transitional zone, the annulus fibrosus and the cartilaginous
endplates (22).

The Nucleus Pulposus
The nucleus pulposus is a gelatinous, bean shaped mass
that sits slightly dorsally within the intervertebral disc
(Supplementary Figure 1). While bounded on all sides by
the transitional zone, cranially and caudally it lies close to the
cartilaginous endplates. It is derived from the notochord and is
characterized by an extremely high-water content, up to 88% in
the young animal. Islands of physaliferous notochordal cells can

be seen within the ground substance in the young animal and are
gradually replaced by chondrocyte like cells with age (5, 22, 106).
Notochordal cells produce low levels of type 2 collagen and
proteoglycans. The proteoglycans consist of a protein backbone
onto which are attached glycosaminoglycans. The most common
glycosaminoglycan side chains include chondroitin-6-sulfate and
keratan sulfate. These molecules are highly polarized, creating
space within the proteoglycan units. The resulting proteoglycans
are then aggregated by hyaluronic acid, creating extremely large,
highly charged complexes that exert a high osmotic pressure,
retaining water within the nucleus (107). Type 2 collagen can
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interact with carbohydrates, and thus the network of type 2
collagen found within the nucleus pulposus is associated with
the glycosaminoglycan side chains, lending stability in the face of
compressive forces.

The Transitional Zone
This zone represents the transition from nucleus pulposus to the
annulus fibrosus. Chondrocyte like cells can be seen as well as
increasing numbers of fibrocyte like cells moving peripherally
away from the nucleus pulposus (22, 108). These cells lie within
a fibrous matrix that appears distinct from the more basophilic
matrix of the nucleus pulposus. As the transitional zone blends
into the annulus fibrosus the fibrous matrix becomes organized
into a lamellar orientation.

The Annulus Fibrosus
The annulus fibrosus consists of inner and outer regions, that are
both characterized by concentric fibrocartilage lamellae. These
lamellae have elongated fibrocytes interspersed between well-
organized bundles of collagen with a less well-organized network
of elastin fibers found throughout (22, 108). The collagen in
turn has a proteoglycan coating and the healthy annulus fibrosus
is 60% water as a result. The regions are differentiated by the
presence of chondrocytes in the inner annulus fibrosus and the
presence of increasing amounts of type 1 collagen in the outer
annulus fibrosus (109). The inner annulus fibrosus is anchored
to the cartilaginous endplates and the outer annulus fibrosus
anchored to the epiphyseal bone of the adjacent vertebrae by
Sharpey’s fibers. None of the regions discussed thus far have a
blood supply but there is light innervation of the outer annulus
fibrosus (9, 104).

The Cartilaginous Endplates
The cartilaginous endplates firmly anchor the intervertebral disc
to the adjacent vertebra and provide additional shock absorbing
functionality. The endplates have ∼5 layers of chondrocytes and
contribute ∼6% of the total width of the intervertebral disc (22).
They lie immediately adjacent to a rich vascular network from the
epiphyseal arterial supply from which nutrients gain access to the
IVD. This occurs by osmosis, diffusion and for larger molecules,
the central concave regions of the endplates have channels that
allow passage of nutrients via bulk flow in response to loading of
the disc (22, 104, 110).

INTERVERTEBRAL DISC DEGENERATION

Intervertebral disc degeneration underlies the most common
forms of IVD herniation and as such is an extremely important
process to understand. Degeneration is effectively an aging
process that is heavily influenced by canine genetics and
accelerated by biomechanical strain and trauma among other
things (9, 110, 111). Overall the process involves replacement of
notochordal cells within the nucleus pulposus by chondrocytes
with transformation to fibrocartilage (chondroid metaplasia) (5,
14). This is associated with loss of proteoglycans, in particular
chondroitin sulfate, and dehydration (12, 107, 111, 112). The
resulting biomechanical failure of the intervertebral disc unit is

associated with fissuring of the annulus fibrosus and sclerosis of
the endplates (5, 12, 110). Throughout this process, the collagen
content increases and more type 1 collagen is found toward
the center of the disc (Supplementary Figure 1) (8, 12, 111).
Complete failure of this unit occurs with IVD herniation.

TYPES OF INTERVERTEBRAL DISC
HERNIATION

To be consistent with the majority of veterinary and human
literature, we are using the term IVD herniation here to describe
any form of IVDD that involves the localized displacement of
part of the IVD, typically into the vertebral canal (Table 1). The
following are summaries of the key pathological, clinical and
diagnostic features that can be used to discriminate between these
types of IVD herniation.

(Hansen Type I/Acute) Intervertebral Disc
Extrusion
Historically most often referred to as Hansen Type I IVD disease,
herniation or extrusion, this is the most common cause of
spinal cord injury in dogs (113, 114). Recently this type of
herniation has widely been referred to simply as IVD extrusion,
often with the prefix of “acute” applied to indicate the typical
clinical presentation and to discriminate from more chronic
manifestations of IVD extrusion. The term “extrusion” in this
context is defined in Table 1. As a result, in this report we have
used this term to describe cases with IVD herniation due to
chondroid metaplasia and calcification of the disc, with other
reported terms listed for reference in Table 2.

Pathophysiology
Early studies into canine IVDD described a characteristic
chondroid degeneration of the IVD that was particularly
prevalent in certain dog breeds, such as French Bulldogs,
Dachshunds and Pekingese (5). These dog breeds all have features
of altered endochondral ossification with shortened long bones
and along with others such as Beagles, Basset Hounds, Cocker
Spaniels, and Pembroke Welsh Corgis, have become known as
chondrodystrophic breeds. The degenerative change seen in the
IVD is characterized by an early onset of progressive dehydration
and calcification, with the normally hydrated and notochordal
cell-rich gelatinous nucleus pulposus transforming to a dense,
dehydrated cartilaginous matrix rich in chondrocyte-like cells
by 1 year of age (5, 9). As an extension of this process, the
nucleus pulposus becomes calcified and can be identified clearly
on spinal radiographs. This is thought to represent dystrophic
calcification of necrotic tissue and occurs predominantly but not
exclusively in chondrodystrophic breeds of dog. In breeds such
as the dachshund, the number of IVDs with calcified nuclei peaks
between 24 and 27 months of age and then decreases (115–
117). This chondroid metaplasia and calcification ultimately
results in a type of IVD herniation whereby the calcified nucleus
pulposus acutely extrudes through a ruptured annulus fibrosus
into the vertebral canal (Supplementary Figure 2) (5). This
eventual sudden extrusion of degenerative nucleus pulposus into
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the vertebral canal is a consequence of focal degenerative changes
within the annulus fibrosus, hypothesized to be the result of
altered biomechanics of the intervertebral disc unit, resulting
in separation of the lamellae within the (particularly dorsal)
annulus (5, 9, 12). The presence of calcified nucleus pulposus
on radiographs is now well-established as an indication that
chondroid IVD degeneration has occurred and that there is an
increased risk of acute IVD extrusion at that site (115). While
overwhelmingly recognized in chondrodystrophic breeds, it is
important to note that calcified disks can occur in large breeds,
frequently at a single site (5, 118). However, it is unclear whether
such disks underwent the extremely early chondroid metaplasia
seen in chondrodystrophic breeds (62).

Several advances have since been made in the understanding
of the pathophysiology of IVD extrusion, explaining the dramatic
early chondroid metaplasia and calcification that occurs in
chondrodystrophic breeds. The most important discovery in
recent years has been the identification first of a locus on
chromosome 12 associated with disc calcification in Dachshunds
(119), and subsequently the identification of an expressed
FGF4 retrogene at that locus associated with IVD extrusion
in chondrodystrophic dogs (16, 17). Breeds with the most
extreme short-limbed body conformation, such as Dachshunds,
also carry an FGF4 retrogene insertion on chromosome 18
that is associated with chondrodysplasia, the condition that
produces extremely short limbs (15). The previously documented
association between IVD extrusion and body conformation in
Dachshunds (120), likely reflects both the influence of the FGF4
retrogene and the importance of biomechanics in these breeds.
It has also been suggested that lifestyle factors such as moderate
intensity exercise and stair climbing may be associated with
a reduced rate of IVD calcification in Dachshunds (121). The
genetic investigations and discoveries related to canine IVDD
are covered in more detail in the article in this series by
Dickinson and Bannasch. These findings explain the extremely
early chondroid metaplasia that occurs in chondrodystrophic
breeds, but do not explain the single calcified disks that can be
identified in large breed dogs (14, 15, 62, 118, 122).

When using the term Hansen Type I IVD extrusion, we are
referring to an acute extrusion of degenerative nucleus pulposus,
with features of dehydration and cartilaginous calcification,
whilst acknowledging that our current understanding of the
underlying pathophysiology might be incomplete. Although
acute herniations of material from an IVD that has undergone
predominantly fibroid degeneration can occur, this is much
less common. When the etiology is unclear, the term IVD
herniation can be used without specifying the known or
presumed underlying pathophysiology (Table 1).

Clinical Presentation and Diagnosis
Young to middle-aged chondrodystrophic dog breeds are most
commonly affected by IVD extrusion, although as outlined
above, they can also occur in non-chondrodystrophic dog breeds
(62, 118, 122). Whilst much less frequently reported and less
well-described, IVD extrusions with similar features have also
been reported in cats (82, 123). The extruded material causes
a variable degree of spinal cord contusion and compression, as

well as compression of nerve roots and inflammation (124). An
extrusion can occur anywhere along the vertebral column, with
an increased incidence of IVD extrusion between the T11-12 and
L2-3 IVDs (41). Clinical signs reflect the location of the extrusion
along the vertebral canal and can range from mild discomfort
with no neurological deficits to paralysis of the affected limbs
with loss of pain perception. The typical clinical presentation is
therefore an acute onset, painful and progressive myelopathy.

Diagnosis of IVD extrusion has evolved markedly over
time and is now mostly commonly achieved using either
computed tomography (CT) or MRI (Supplementary Figure 2).
Both imaging modalities have been shown to be superior
to techniques such as plain radiographs and myelography
(Supplementary Figure 2) in diagnosing and localizing IVD
extrusions (35, 37, 125). Whilst both MRI and CT can be
used to diagnose IVD extrusion, MRI has the benefit of
allowing evaluation of soft tissues such as the spinal cord and
intervertebral disks (39, 126). The reader is directed to the paper
by Da Costa and others in this series for further details on
diagnostic imaging in IVDD.

The following is a sub-classification of IVD extrusion,
where similar pathological changes of chondroid metaplasia and
calcification are likely to underpin the extrusion but result in a
different clinical presentation.

Acute Intervertebral Disc Extrusion With
Extensive Epidural Hemorrhage
Acute thoracolumbar IVD extrusions can cause multilevel
epidural hemorrhage due to laceration of the internal vertebral
venous plexus (37, 67, 127, 128). Sometimes this hemorrhage can
be dramatic and can cause multilevel spinal cord compression,
and indeed appear as a hematoma (67, 68, 127, 128). The term
disc extrusion with extensive epidural hemorrhage (DEEH) has
been coined to describe this particular phenomenon (67).

Pathophysiology
The affected intervertebral disc undergoes chondroid
degenerative changes and calcified nuclear material is extruded
into the vertebral canal causing a laceration of the internal
vertebral venous plexus and consequent hemorrhage. This
phenomenon has been reported in the thoracolumbar spine
but not in the cervical spine. The factors that cause ongoing
hemorrhage to occur in affected dogs have not been well-defined
but likely relate to the relative volume of epidural space. This
event is more common in medium to large breed dogs than small
chondrodystrophic breeds, leading to speculation that epidural
volume is larger in these breeds and thus the vertebral venous
plexus is not compressed enough by the extruded material to
stop hemorrhage when lacerated. Another possibility is that
there is a relatively larger volume of calcified material herniated
in chondrodystrophic breeds, effectively compressing the venous
plexus to halt hemorrhage.

Clinical Presentation and Diagnosis
Typically, affected dogs develop acute paraparesis that rapidly
progresses to paraplegia, often associated with severe spinal
pain (67). Medium to large sized breeds of dog such as
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the pit bull terrier, American Staffordshire terrier, Labrador
retriever, German Shepherd dog and Rottweiler are affected
most commonly, but it can occur in small breed and giant
breed dogs as well (52, 67, 68, 128). Survey spinal radiographs
might reveal calcified nuclear material and narrowing of an
intervertebral disc space. Diagnosis is by advanced imaging
with classic findings on MRI including evidence of calcified
disc material fragments (T2 and T1-weighted hypointense) and
multilevel extradural compression by a mass that is hyperintense
or has mixed intensity on T2-weighted imaging and is hyper,
iso or hypointense on T1-weighted imaging with variable
degrees of peripheral contrast enhancement. Gradient echo
(T2∗) imaging confirms the presence of hemorrhage. The mass
often appears like a worm extending along the spinal cord
on the sagittal T2-weighted image and gives the appearance
of a second spinal cord lying alongside or draped over and
compressing the real spinal cord on transverse images. On CT
imaging the hemorrhage/hematoma is identified as a moderately
hyperattenuating [70–90Hounsfield units [HU]] extradural mass
extending over multiple vertebral levels and lying dorsal, ventral
and lateral to the spinal cord. Fragments of calcified disc
material identified by higher HU (>100) can be found within the
extradural mass, frequently focused over an intervertebral disc
space (Supplementary Figure 3).

(Hansen Type II/Chronic) Intervertebral
Disc Protrusion
Traditionally this type of IVD herniation has been referred to
as either Hansen Type II IVD disease, herniation or protrusion
(Table 2). However, in recent veterinary literature it has been
increasingly referred to as simply IVD protrusion, which is the
terminology we have used here. The key pathological and clinical
features that characterize this type of IVD herniation are outlined
below, as well as the areas requiring further investigation.

Pathophysiology
In his investigations into IVDD in dogs in the 1950s,
Hansen found that dogs could be grouped according to
the type of disc degeneration seen most frequently, into
chondrodystrophic and non-chondrodystrophic dog breeds (5).
In non-chondrodystrophic dogs, with increasing age, Hansen
reported that the disc underwent a slow maturation, whereby
the collagen content increased and notochordal cells became
more fibrocyte-like, a process termed fibroid metaplasia (5). This
fibroid metaplasia typically occurred in non-chondrodystrophic
dog breeds over 7 years of age, suggesting that this type of IVD
degeneration represents a consequence of later onset age-related
changes in comparison to chondrodystrophic dogs (5, 110). At
the same time as the nuclear degeneration, it has been postulated
that small separations develop in the lamellae of the annulus
fibrosus, potentially exacerbated by repeated minor trauma,
allowing this degenerative fibroid nuclear material to extend into
and between the fibers of the annulus (5, 9, 110). The result
was a gradual, discrete thickening and protrusion of the surface
of the annulus fibrosus, typically occurring dorsally into the
vertebral canal, displacing the dorsal longitudinal ligament and

slowly compressing the spinal cord (Supplementary Figure 4)
(5, 9, 22, 110).

Based on Hansen’s description, this type of herniation of
the IVD into the vertebral canal became widely referred to
as Hansen Type II IVD disease or herniation. However, the
distinction between the degenerative processes leading to IVD
herniation in the IVD of chondrodystrophic (Hansen Type I)
and non-chondrodystrophic (Hansen Type II) dog breeds has
been revisited recently. Histopathological comparisons between
the IVD of chondrodystrophic and non-chondrodystrophic
dog breeds have found features of chondroid metaplasia
(chondrification and replacement of notochordal cells by
chondrocytes within the nucleus pulposus) in both groups of
dogs (13, 14). Investigators have been careful to point out that
Hansen’s original descriptions had referred to overall degree of
fibrosis of the disc, not fibroid metaplasia of the nucleus pulposus
specifically, which perhaps had been somewhat misunderstood
for many years (14).

IVD protrusion is also often seen in association with
other degenerative changes in certain complex disorders of
the canine vertebral column, such as disc-associated cervical
spondylomyelopathy and degenerative lumbosacral stenosis (71,
129). Whilst a complete discussion of these disorders is beyond
the scope of this series, it is likely that nuclear degeneration and
annular protrusion occurs as part of a multifactorial etiology in
these dogs.

Clinical Presentation and Diagnosis
The clinical presentation of dogs with IVD protrusion is
dependent on the location of the affected IVD and the degree
of associated compression of relevant structures, such as the
spinal cord and nerve roots. Clinical signs tend to reflect the
chronic, slowly progressive nature of the IVD degeneration,
typically with milder neurological deficits than those seen
with acute spinal cord injury secondary to IVD extrusions
(63). The characteristic clinical picture is therefore that of a
slowly progressive, often non-painful myelopathy in an older,
usually non-chondrodystrophic dog (63, 64). Pain can be present
depending on the presence of nerve root compression but is less
common than in the more acute IVD extrusion.

Changes associated with IVD protrusion on plain radiographs
include non-specific signs of IVD degeneration such as
vertebral endplate sclerosis, spondylosis deformans and IVD
space narrowing (63). Although historically diagnosed using
myelography, this has largely been superseded by advanced
imaging techniques, particularly MRI in the case of IVD
protrusion (Supplementary Figure 4) (23, 130). Whilst a specific
diagnosis of IVD protrusion can be challenging, MRI criteria
have also been reported to assist in differentiating between
IVD protrusion and IVD extrusion in dogs (23, 51). Recent
studies have also demonstrated the utility of MRI in grading
the degree of IVD degeneration using a validated MRI grading
scheme, however the grade of degenerative changes seen in IVD
protrusions and extrusions were similar (13, 131). Further details
regarding diagnostic imaging in IVD protrusions can be found in
the paper by Da Costa and others in this series.
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Hydrated Nucleus Pulposus Extrusion
(HNPE)
A relatively recent addition to the classification of disorders of
the IVD in the veterinary literature has been the description
of acute compressive HNPE in dogs (20). This term refers to
a subtype of acute herniation of a volume of partially or non-
degenerate nucleus pulposus that results in a varying degree of
extradural spinal cord compression (20). Whilst the condition
has been referred to as “acute compressive HNPE” to signify
this compression (84), it is typically referred to by the shortened
initialism of HNPE (Table 2). As with ANNPE, there has been
variation in the terminology used to describe this presentation,
with initial reports of dogs with similar clinical and diagnostic
imaging findings using terms “intraspinal cyst” and “canine
discal cyst” (86, 87, 132). There has also been a suggestion
to abandon either these terms or HNPE in favor of “partially
degenerated disc extrusions” on the basis of histological and
cytological findings (85), but most recent literature is consistent
in using the terminology of HNPE for this condition (Table 2)
(81, 84, 133, 134).

Pathophysiology
Reports of acute compressive HNPE in dogs typically describe
the presence of well-hydrated extradural material overlying an
IVD, suggesting a communication with the annulus fibrosus,
as well as associated spinal cord compression (20, 86). The
previous use of terms such as intraspinal or discal cysts in
dogs has its origin in the observation of MRI similarities with
human intraspinal discal cysts (86). People with discal cysts
most often present with characteristic clinical signs of a chronic
and painful radiculopathy, often affecting the lumbar region
(135). Human discal cysts are also typically associated with
histological evidence of a well-defined cyst wall and the contents
are of a serous or serosanguinous nature (135). In contrast,
histological and cytological examination of the extradural
material in dogs reveals partially degenerated nucleus pulposus
(Supplementary Figure 5), whilst a convincing cyst wall has
not been consistently identified (81, 83, 133). Furthermore,
diagnostic imaging features and microsurgical findings in dogs
with HNPE suggest that the extradural material may persist
ventral to, or within the dorsal longitudinal ligament (20,
81). Given that dogs with presumed HNPE present with a
more acute onset of typically non-painful clinical signs, in
combination these findings support the suggestion that the
underlying pathophysiology in these dogs represents an acute
herniation of hydrated nucleus pulposus (20, 81, 134). However,
the extradural material can demonstrate a varying degree of
fluidity, detectable on MRI using FLAIR or HASTE sequences,
and a good explanation of this range of findings has not yet been
forthcoming (Supplementary Figure 5).

The exact mechanisms that lead to this herniation have
not been established, but there may be similarities with
ANNPE whereby a small tear in the annulus fibrosus occurs
following acute changes in intradiscal pressure (81, 133).
The differences in clinical presentation of HNPE compared
to ANNPE, as well as the reported predisposition for
the cervical region suggest that this understanding of the

underlying pathophysiology is incomplete and worthy of
further investigation.

Clinical Presentation and Diagnosis
The vast majority of reported cases of canine HNPE in the
veterinary literature have occurred in the cervical vertebral
column, suggesting an anatomical predisposition reflected in
the typical clinical signs (19, 20, 83, 136). Dogs therefore
most often present with an acute onset of tetraparesis or
tetraplegia, with symmetrical clinical signs more common in
contrast to the lateralisation seen with ANNPE (20). Another
characteristic finding reported in dogs with HNPE has been
a lack of spinal hyperaesthesia in the majority of cases, as
well as more severe neurological deficits in contrast to Hansen
Type I IVD extrusion (19, 20, 81, 83, 84). Indeed, tetraplegia
with respiratory compromise is not unusual in cervical HNPE
(20). No specific breed predisposition has been identified,
with both chondrodystrophic or non-chondrodystrophic breeds
reported, whilst affected dogs are typically middle-aged or older
(19, 20, 136). In most cases the acute onset seen in HNPE
appears to occur spontaneously, without inciting causes such
as intense exercise or trauma, further differentiating the clinical
presentation from that of ANNPE.

Whilst the clinical presentation may provide a high index
of suspicion for a diagnosis of HNPE, differentials usually
include IVD extrusion, ANNPE and fibrocartilaginous embolic
myelopathy (FCEM). Advanced imaging can be used to make a
diagnosis of HNPE, with MRI the imaging modality of choice
(Supplementary Figure 5). Reported characteristic MRI features
consistent with HNPE are listed below (20):

- Ventral, midline extradural material (T2-weighted
hyperintense, T1-weighted hypointense) overlying an IVD

- Associated spinal cord compression, with or without
intramedullary T2-weighted hyperintensity

- Characteristic bi-lobed “seagull” shaped appearance to the
extradural material

- Reduced volume of T2-weighted hyperintense nucleus
pulposus signal in the affected IVD.

Although most reports of canine HNPE use these MRI features,
a recent study has suggested that contrast-enhanced CT can also
be used to make a diagnosis of HNPE with a sensitivity of 91%
and specificity of 100% (136).

Acute Non-compressive Nucleus Pulposus
Extrusion (ANNPE)
There has been considerable variation in the terminology used
historically to describe this condition, including: traumatic
IVD extrusion, IVD explosion, traumatic IVD prolapse, missile
disks, high-velocity low-volume disc extrusion and (Hansen)
Type III IVDD (18, 75–78). In most of these reports, clinical
and diagnostic imaging descriptions suggest a peracute onset
extrusion of non-degenerated nucleus pulposus leading to
spinal cord contusion with minimal compression, usually at
exercise, with or without evidence of trauma. As a result, the
term ANNPE has become widely accepted in the veterinary
literature as the most descriptive terminology for this condition
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and is therefore used here. Whilst most studies in the
veterinary literature involve dogs, ANNPE has also been
described in several cats with similar clinical and diagnostic
features (75, 80, 137).

Pathophysiology
Within the non-degenerate, normal IVD, the nucleus pulposus
draws water down a strong osmotic gradient, creating an
innately high intradiscal pressure (22). The surrounding annulus
fibrosus on the other hand is composed of dense fibrous
tissue with a complex lamellar structure, providing structural
integrity as well as mobility (22). As a result, when the
IVD is subjected to supra-physiological forces such as those
exerted on the vertebral column during brief moments of
strenuous exertion or blunt trauma, the annulus fibrosus may
tear leading to a sudden extrusion of nuclear material (88).
It is hypothesized that the hydrated nuclear material impacts
the overlying spinal cord with great force, leading to contusive
injury before dissipating or being resorbed due to its hydrated
nature and small volume, resulting in minimal or no residual
spinal cord compression (18). Reported clinical signs and MRI
features reflect this, with several studies describing similar
characteristic features (Supplementary Figure 6) (18, 69, 70).
Although reports of histopathological confirmation of ANNPE
are rare, post-mortem findings have revealed small tears in the
dorsal annulus fibrosus in affected dogs and non-degenerated
nucleus pulposus material within the vertebral canal, supporting
this theory (78).

Clinical Presentation and Diagnosis
The characteristic clinical presentation of dogs and cats with
ANNPE consists of a peracute onset of signs of myelopathy
(ranging from paresis to plegia), usually occurring at strenuous
exercise or related to external trauma (18, 69, 138). Clinical
signs are lateralised in up to 90% of affected dogs, and
are usually non-progressive after the first 24 h (18, 69, 77).
Although there are fewer descriptions of feline ANNPE in
the literature, more cats have been reported to present with
symmetrical clinical signs compared to dogs, and up to 75%
of cats with ANNPE present following external trauma (137).
Whilst owners may report vocalization at the onset of signs
in dogs, clinical examination usually reveals only mild to no
spinal hyperaesthesia on palpation (18, 69). In accordance
with findings in Hansen Type I IVD extrusion, ANNPE
occurs most commonly in the region of the thoracolumbar
junction, likely reflecting the increased biomechanical forces
at the junction between two stable vertebral segments (18,
69). Whilst clinical signs are usually distinct from the typical
presentation seen in compressive IVD extrusions or protrusions
described above, an important differential diagnosis for ANNPE
in dogs and cats with these clinical signs is an ischaemic
myelopathy, most likely reflecting FCEM (69, 88). Spinal
MRI is usually required to make a presumptive diagnosis
and can be used to differentiate cases of ANNPE from
FCEM using specific imaging criteria (88, 139). The imaging
findings that can be used to make a diagnosis of ANNPE

are listed below (18, 70, 139), with an example shown in
Supplementary Figure 6:

- Focal intramedullary T2-weighted hyperintensity of the
spinal cord

- Spinal cord lesion located overlying an IVD
- Reduced volume of T2-weighted hyperintense nucleus

pulposus signal in the affected IVD
- Mild narrowing of the affected IVD in mid-sagittal view
- Small volume extradural material (T2-weighted hyperintense,

T1-weighted hypointense) dorsal to the IVD with minimal to
no spinal cord compression.

Whilst ANNPE has been reported in association with
external trauma in up to 40% of reported cases (18), there
are some specific instances of traumatic IVD extrusion
that may require separate consideration. As a result, we
have proposed an additional classification of traumatic
IVD extrusion as a specific subtype of IVD herniation
below to reflect these cases that may present with vertebral
fractures or luxations, as well as spinal cord compression in
some cases.

Traumatic Intervertebral Disc Extrusion
Traumatic IVD extrusion (among other terms, also traumatic
IVD “explosion” or “prolapse”) has been considered synonymous
with ANNPE for some authors, but has also been used to describe
IVD extrusion secondary to external trauma (76–78). For the
purposes of classification in this article we consider traumatic
IVD extrusion as a related subcategory of disorders affecting
the IVD. The concept of violent trauma (for example, vehicular
trauma) causing a sudden rupture of the annulus fibrosus and
subsequent extrusion of disc material into the vertebral canal,
regardless of degenerative changes, was highlighted in dogs by
Hansen in 1952 (5). At that time Hansen described a case in
which “a single extreme violence has ruptured a disc that is not
remarkably degenerated,” and proposed the term “traumatic disc
prolapse” (5).

Although there have been limited descriptions of this clinical
presentation since then, one study identified traumatic IVD
extrusions in 62% of dogs with spinal trauma, with spinal cord
compression seen in 9 (29%) of 31 dogs, without associated
fractures or luxations (77). In this study it was suggested that
the spinal cord compression, which can further differentiate these
cases from the typical characteristics of ANNPE, was related
to chondroid degenerative changes of the affected IVD (140).
Whilst histopathological findings were not reported to confirm
this, histology is typically not available for such cases and MRI
features are often supportive. It is important to note that in
cases of external trauma, the disc extrusion may or may not
be compressive, likely reflecting the underlying pathology in
the IVD at the time of trauma in addition to the traumatic
event. As a result, consideration of all aspects of the spinal
trauma patient, such as signalment (age, chondrodystrophy) and
multiple diagnostic imaging modalities may lead to a specific
diagnosis of traumatic IVD extrusion (with or without features
of IVD degeneration or spinal cord compression) instead of
ANNPE in such cases (Supplementary Figure 7).
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Intradural/Intramedullary Intervertebral
Disc Extrusion (IIVDE)
Whilst extruded nucleus pulposus material remains in the
extradural space in the case of IVD extrusion, HNPE and
ANNPE, there have also been reports of nuclear material
penetrating the dura mater (72, 88, 89, 91, 93, 101, 141, 142).
The extruded material in this scenario can subsequently remain
extramedullary but within the intradural space, or enter the
spinal cord parenchyma itself, becoming intramedullary. A
recent review article used the term intradural/intramedullary
IVD extrusion (IIVDE) to collectively describe these cases,
including both cases with and without features of nucleus
pulposus degeneration in that classification (88).

IIVDE is an uncommon diagnosis with the largest case
series in veterinary literature consisting of 8 dogs, estimated
to represent 0.5% of the surgical thoracolumbar IVD extrusion
caseload in that study (89). Although most of the reported cases
have occurred in the region of the thoracolumbar junction, as
with ANNPE and Hansen Type I IVD extrusion, IIVDE has also
been described in the cervical vertebral column in dogs and the
lumbar region in the cat (93, 141, 143).

Similar to many other reports of IIVDE in dogs (90,
92, 142), that case series describes features of chondroid
metaplasia on histological examination of surgically excised
nucleus pulposus, suggesting an intradural or intramedullary
extrusion of degenerative IVD material and subsequent spinal
cord compression (89). However, there are also reports of
IIVDE without convincing evidence of advanced degeneration
on histological examination, as well as a clinical presentation
more fitting with ANNPE, suggestive for IIVDE of non- or
partially degenerated nucleus pulposus (72, 88, 101). Some of
these cases were originally described as tearing, rupture or
laceration of the dura, based on myelography and surgical
visualization, with no IVDmaterial identified within the vertebral
canal (101). All of these dogs presented with a peracute onset of
signs during strenuous activity such as running or jumping, or
trauma, typically with an improving clinical course (101, 143–
146).

As a result of the similarities in presentation of dogs
with IIVDE and either Hansen Type I IVD extrusion,
traumatic IVD extusion or ANNPE, antemortem diagnosis is
dependent on accurate interpretation of diagnostic imaging,
or surgical confirmation of intradural or intramedullary disc
material. In most initial reports of IIVDE, myelography was
shown to demonstrate either the presence of intramedullary
contrast material, a “golf-tee” sign suggestive for intradural-
extramedullary material or contrast leakage indicating a dural
tear at the site of the presumed IVD extrusion (92, 101). More
recent reports suggest that particular imaging characteristics on
high-field MRI may be suggestive for a diagnosis of IIVDE,
including areas of intramedullary hypointensity on T2-weighted,
T1-weighted and gradient echo (T2∗) sequences overlying an
IVD with reduced nucleus pulposus volume, and a linear tract
running from the associated IVD to the spinal cord parenchyma
(Supplementary Figure 8) (88, 91, 93, 141). A recent case series
also suggested that CT-myelography was superior to low-field

MRI at diagnosing IIVDE, by allowing the accurate detection of
a focal filling defect within the subarachnoid space in cases of
intradural-extramedullary disc material (89).

Further investigations into outcome following surgical or
non-surgical management of these rare cases are necessary, in
which case accurate classification according to the presence of
degenerative and non-degenerative IVD material may help to
determine if subclassifying types of IIVDE is clinically useful.

EMBOLIC DISEASE ASSOCIATED WITH
THE INTERVERTEBRAL DISC

Fibrocartilaginous Embolic Myelopathy
(FCEM)
Fibrocartilaginous embolism to the vasculature of the
leptomeninges and spinal cord was first described in 1973
and since that time, has been a topic of speculation and
discussion (103). In the first histopathological descriptions of
FCEM, the embolized material was examined closely using
several histochemical stains leading to its identification as
fibrocartilage (96, 103). Embolization of fibrocartilage can affect
the arterial and/or the venous sides of the circulation and results
in a peracute onset of often dramatically lateralizing paresis or
paralysis (98). The condition occurs most commonly in dogs,
accounting for 2% of dogs presenting to an emergency clinic
for non-ambulatory paraparesis or paraplegia (114), but it also
occurs in a range of other species including the cat (95).

Pathophysiology
Of the questions raised about this condition, the first, and
most pertinent to this paper, is the unconfirmed source of the
embolized fibrocartilage. Although our understanding of the
pathophysiology is incomplete, there is a broad consensus that it
originates from the underlying intervertebral disc (79, 98, 103).
In the first description of the condition it was noted that the
annulus fibrosus of a lumbar disc lying beneath the affected spinal
cord segments was torn by extruded nuclear material and regions
of this torn annulus had identical staining characteristics to the
emboli. The author concluded that the annulus fibrosus was the
source of the fibrocartilage (103). Subsequently, other authors
have proposed it is nucleus pulposus based on histopathology
and histochemistry (147–150). However, the normal appearance
of the vertebral column on radiography and the intervertebral
disks on gross pathology led some authors to conclude that
they were unsure of the source (96). More recently, with the
widespread use of MRI to image the vertebral column and
spinal cord, it has become clear that there are subtle changes
in the nucleus pulposus of an IVD close to (frequently just
caudal to) the site of the resulting ischaemic myelopathy,
lending support to the nucleus as the source of the disc
material (Supplementary Figure 9) (95, 139). Indeed, in one
study evaluating the use of MRI findings to differentiate between
ANNPE and ischaemic myelopathy, a reduced volume of nucleus
pulposus in an adjacent IVD was reported in 23.6% of cases with
an agreed diagnosis of ischaemic myelopathy (such as FCEM)
(139). In addition, the similarity of clinical presentations of
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medium sized breeds of dog with exercise associated ANNPE and
FCEM suggests that peracute extrusion/embolization of nucleus
pulposus underlies both conditions.

The second question relates to how the fibrocartilage travels
from the intervertebral disc to the leptomeningeal and spinal
cord vasculature. In humans a proposed route is herniation of
nucleus pulposus into the endplate (Schmorl’s nodes) whereby
it gains access into the sinusoidal venous channels within the
cancellous bone and thus into the basivertebral veins and the
spinal cord venous system (151). However, Schmorl’s nodes are
rare in dogs due to the density of their endplates and have
not been described in conjunction with FCEM. Most authors
propose extrusion of nucleus pulposus through either healthy
annulus fibrosus directly into the internal vertebral venous plexus
or spinal arterial vasculature (148, 150), via new blood vessels
forming in annulus fibrosus undergoing age related degenerative
changes (150), or both (98). The association between FCEM and
particular types of exercise that involve jumping and twisting
supports the theory that extreme changes in intra-thoracic or
abdominal pressure, and therefore intradiscal pressure, result in
extrusion of nuclear material directly into the venous or arterial
circulation of the spinal cord. Also pertinent to these theories is
the marked paucity of reports of FCEM in chondrodystrophic
breeds of dog (152–154). It has been hypothesized that the early
chondroid metaplasia and ensuing degeneration and calcification
of the nucleus pulposus with splitting of the annulus fibrosus
results in ready extrusion of nuclear material into the vertebral
canal, rather than creating the forces necessary to propel the
material into the vasculature.

However, there are numerous reports of cases in which there
is no evidence of degenerative changes within the intervertebral
disks (96, 98, 103, 155), and exercise or trauma is only reported
as an inciting cause in 30% of cases (79). In particular, these
theories are less plausible in Irish wolfhounds that develop FCEM
as young as 2 months of age, in which it has been proposed
that a mismatch between rapidly increasing body weight and the
immature IVD results in embolization into the richer arterial
supply to the annulus fibrosus of the growing puppy (155). Other
unsubstantiated theories for such cases include persistence of
embryonal vasculature within the annulus fibrosus and presence
of anomalous vessels or arteriovenous fistulae down which
fibrocartilage can be embolized (95).

Important histopathological features of FCEM include the
presence of numerous embolized vessels, frequently within the
leptomeninges, suggesting a shower of embolic material (96, 98,
103, 147, 148). Indeed, the canine spinal cord is resistant to
occlusion of single vessels due to its interconnected segmental
arrangement and it has been suggested that FCEM will only
result when multiple vessels are occluded simultaneously (96).
The resulting lesion is one of hemorrhagic ischemic necrosis of
the spinal cord that tends to focus on the gray matter, frequently
asymmetrically, reflecting the location of the emboli (96, 103).

Clinical Presentation and Diagnosis
The typical clinical presentation is that of a peracute onset of
non-painful lateralizing signs in non-chondrodystrophic breeds.
In the majority of cases signs do not progress beyond 24 h (79).
Signs can be cervical or thoracolumbar, and age of onset ranges

from 8 weeks to 14 years with males slightly more likely to be
affected than females (79). Perhaps themost familiar presentation
is the peracute onset of signs during vigorous exercise in medium
to large sized breeds of adult (4–6 year) dog such as the Labrador
retriever and the Staffordshire bull terrier (69, 95, 99). Indeed,
these dogs account for approximately half of all cases (79), and
in some case series as many as 80% of dogs (99). The signalment
and history of these dogs shows considerable overlap with dogs
suffering from ANNPE, with distinguishing features including a
slight breed predisposition (e.g., Border Collies more predisposed
to ANNPE and Staffordshire Bull Terriers to FCEM) (69). In
addition, dogs with ANNPE are more likely to vocalize at onset,
to have spinal hyperesthesia on examination, and are more likely
to have cervical lesions (69).

There are numerous reports of FCEM in adult giant breed
dogs such as the Great Dane (147). Of particular interest is
an apparent predisposition in Irish wolfhound puppies (155).
Known as Puppy Paralysis or Drag Leg Syndrome within the
breed, dogs present between 2 and 4 months of age with a
lateralizing cervical or thoracolumbar myelopathy. In some of
these young dogs, onset appears to be associated with exercise
or minor trauma. Histopathology confirmed fibrocartilaginous
embolisation of leptomeningeal vessels (155, 156).

Small breed dogs are also of interest, accounting for 24% of
all cases (79). Within these small breeds the Miniature Schnauzer
accounts for nearly 60% of all cases with male dogs more at risk
than female (94). An association with exercise is less clear in this
breed and signs can be cervical or thoracolumbar.

Clinical suspicion is raised whenever a dog presents with
a peracute onset of non-painful, lateralizing myelopathy.
Antemortem diagnosis is confirmed through MRI of the
spine (Supplementary Figure 9) (100, 139, 157). Diagnostic
criteria include:

- Focal intramedullary T2 hyperintensity, focused on the gray
matter and frequently lateralized.

- Spinal cord lesion overlying vertebral body, not IVD.
- No evidence of extradural material in the region of the lesion.
- Subtle reduction in volume of T2-weighted hyperintense

nucleus pulposus signal in the disc caudal to the spinal
cord lesion.

CSF analysis can be normal in ∼50% of cases, with variable and
non-specific changes in the remaining cases. It should be noted
that the presence of fibrocartilage within the vasculature can
only be identified post-mortem, so the imaging diagnosis is one
of ischemic myelopathy. However, based on histopathology, the
most common cause of ischemic myelopathy in dogs is FCEM.

DISCUSSION

Uniform disease definitions and systems of classification are
vital tools in order to accurately diagnose patients, as well
as to consistently document and report conditions in such
a way that allows reliable scientific comparisons and future
critique of related research. It is likely that the advancement of
techniques such as genetic technology ultimately hold the key
to more accurate disease categorization, by completing the path
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from genotype to phenotype (158). In the meantime, given the
introduction of several new conditions related to the IVD to the
veterinary literature in recent years, we have aimed to evaluate
current systems of classification and terminology used to ensure
consistent recording of IVDD types.

The rapidly expanding language used surrounding types of
IVDD in the veterinary literature suggests that a consensus
on terminology and classification is required to cover multiple
types of IVDD, including those falling outside of the traditional
Hansen Type I and II system. Whilst there has been a gradual
advancement in the terminology used in the veterinary literature
to describe these additional types of IVDD, there remains great
inconsistency. This limits the ability to perform high quality
research or to accurately compare clinical data, as clinicians and
researchers are restricted by the lack of clear disease definitions.
An improved understanding of terminology can also facilitate
clearer communication between colleagues and clients when
discussing IVDD. Increasingly, efforts have been made to adapt
terminology used in the veterinary literature to include other
recently described types of IVDD, as well as drawing from
the human medical field with an emphasis on appropriate
anatomical descriptions (10). In Tables 1, 2 and throughout this
report, we have taken a similar approach to using specific and
consistent terminology for each condition. We have aimed to
provide a point of reference in matters of IVDD classification
moving away from the restrictions of the traditional Hansen
Type I and II system, as well as providing our interpretation

of the meaning associated with terms currently used in the
veterinary literature.

Most systems of disease classification in veterinary and
human medicine have origins in historical methods used to
document population disease and health statistics, and are
usually based on pathological systems of categorization (158).
As a result, traditional forms of IVDD classification have
focused on degenerative IVDD and the differentiation between
Hansen Type I and Hansen Type II IVD, using signalment,
clinical presentation and histopathological features (5, 12, 159).
Although advanced diagnostic imaging techniques such as MRI
have added to the ability to characterize IVD degeneration
clinically (12, 13, 126, 160, 161), there are limitations to a
system of classification based solely on the determination of
degrees of IVD degeneration. For example, acute herniations of
an IVD that has features of predominantly fibroid degeneration
may provide a challenge with this system of classification.
Furthermore, considering recent research suggesting that dog
breeds traditionally considered non-chondrodystrophic can also
demonstrate features of chondroid metaplasia, it is clear that the
distinction of IVDD into the traditional Hansen Type I and Type
II labels represents an incomplete picture.

Within the field of human neurology there are numerous
examples of disorders that were classified based on
histopathological and clinical findings that have been reclassified
based on undercovering the genetic basis of the disease. These
include for example, the hereditary ataxias, which take into

FIGURE 1 | An example of how a classification system for intervertebral disc disease in dogs might evolve. IVD, intervertebral disc; NP, nucleus pulposus; IVDP,

intervertebral disc protrusion; IVDE, intervertebral disc extrusion; HNPE, hydrated nucleus pulposus extrusion; ANNPE, acute non-compressive nucleus pulposus

extrusion; IIVDE, intradural/intramedullary intervertebral disc extrusion; FCEM, fibrocartilaginous embolic myelopathy.
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account the mode of inheritance, the clinical syndrome and the
genetic cause (162). Genetic discovery holds similar promise
in furthering our understanding of canine IVD degeneration,
as evidenced by the identification of the chromosome 12 FGF4
retrogene as a cause of chondrodystrophy and early, severe
chondroid metaplasia with ensuing disc extrusion (15–17).
Such advances also enhance our ability to classify IVDD for the
purposes of diagnosis, prevention and treatment. An example
of how such a system might evolve is provided in Figure 1. It is
likely that future IVDD classification systems will utilize further
genetic findings, such as FGF4 genotype, to supersede traditional
labeling of certain breeds as chondrodystrophic as a means
of subcategorising affected dogs. However, the genetic picture
is complex and multifactorial (see Dickinson and Bannasch’s
paper in this series) and in a degenerative disorder such as
IVDD, additional environmental influences clearly play a role.
The increasing understanding of the complex processes of
IVD degeneration, and somewhat contradictory studies on the
degree of degenerative changes occurring with types of IVD
herniation such as ANNPE and HNPE makes classification
based on degenerative processes less clear (9, 14, 81, 85). In
the future we anticipate that advanced genetic, diagnostic
imaging and histological investigations will build on recent
developments and allow subclassification across a wider range of
IVD degeneration.

As an alternative to using pathological features of
degeneration, we have explored the possibility of using clinical
and diagnostic imaging features to classify primary disorders
of the IVD. For example, recent human recommendations on
lumbar IVDD nomenclature have proposed using morphological
characteristics such as the shape of the IVD herniation to
distinguish between IVD extrusion and protrusion, regardless
of the underlying pathology (11). Another option would be
to categorize IVDD primarily into compressive and non-
compressive forms, however these classification systems are also
open to degrees of interpretation and require separate categories
for conditions with unique aetiologic or anatomic features, such
as: traumatic IVDE, intradural/intramedullary IVDE (IIVDE)
and embolic disease (FCEM). One advantage of such a system
would be the incorporation of terminology that ties in with
clinical decision-making. For example, traumatic IVD extrusion
may necessitate a specific clinical approach that differs from
non-traumatic, compressive IVDD, or embolic disease (FCEM).
However, by the same note it is important to consider that the
treatment for all conditions with spinal cord compression is not
necessarily the same. In such cases treatment is typically based on
a combination of factors such as severity of clinical signs, owner
preference and financial constraints. More specifically, HNPE is
often treated medically despite being compressive, largely based
on the assumption that the material is well-hydrated and will
therefore dissipate over time without intervention (20, 84). It is
also important to consider that given the similarity in clinical
presentation between some of these conditions, such as ANNPE
and FCEM, future research should aim to achieve a better
understanding of the correlation between histological, clinical,
and imaging features.

Another possible approach is therefore to classify types
of IVDD according to their typical clinical presentation.

For example, IVD protrusion would be classified as chronic,
non-painful and progressive, whereas ANNPE would be
classified as peracute, non-painful, and non-progressive. Whilst
combinations of clinical features have been shown to be
associated with specific forms of IVDD (163), there are still areas
of overlap and variations from the typical clinical findings within
several of these categories.

As a result, although an ideal system of classification among
types of IVDD does not currently exist, consistency across the
veterinary literature in the terminology used for each individual
form of IVDDwould clearly be beneficial. The authors encourage
the consistent use of the terms used in the current series of
papers clinically and when describing cases in the veterinary
literature. Future research efforts should focus on improving
our understanding of the underlying pathophysiology of these
different types of IVDD, an endeavor which can be facilitated
by a clear understanding of terminology used. It is possible
that more advanced systems of characterizing IVD degeneration,
in combination with advances in genetic investigations, clinical
understanding and diagnostic imaging techniques, will allow a
more accurate and uniform system of classifying disease of the
IVD in the future.

AUTHOR CONTRIBUTIONS

JF and NJO both contributed equally to the design and writing
of the manuscript and all CANSORT-SCI members critiqued
and approved the final version of the manuscript. All authors
contributed to the article and approved the submitted version.

CANSORT SCI AFFILIATIONS

• Sarah A. Moore DVM, DACVIM-Neurology, Associate
Professor, Neurology and Neurosurgery, Department of
Veterinary Clinical Sciences, The Ohio State University
College of Veterinary Medicine, Columbus OH, United States

• Natasha J. Olby Vet MB, PhD, DACVIMNeurology, Professor
of Neurology/Neurosurgery, Dr. Kady M. Gjessing and
Rhanna M. Davidson Distinguished Chair of Gerontology,
Department of Clinical Sciences, North Carolina State
University College of Veterinary Medicine, Raleigh, NC,
United States

• Jonathan M. Levine, DVM, DACVIM-Neurology, Professor,
Helen McWhorter Chair, and Head, Department of Small
Animal Clinical Sciences, College of Veterinary Medicine and
Biomedical Sciences, Texas A&M University, College Station,
TX, United States

• Melissa J. Lewis, VMD, PhD, DAVCIM (Neurology), Assistant
Professor of Neurology, Department of Veterinary Clinical
Sciences, Purdue University College of Veterinary Medicine,
West Lafayette, IN, Unites States

• Nick D. Jeffery, Professor Neurology & Neurosurgery,
Maureen E. Mullins Professor in Small Animal Clinical
Sciences, College of Veterinary Medicine, Texas A&M
University, College Station, TX, United States

Frontiers in Veterinary Science | www.frontiersin.org 12 October 2020 | Volume 7 | Article 579025

https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles


Fenn et al. Classification of Intervertebral Disc Disease

• Ronaldo Casimiro da Costa, DMV, MSc, PhD, Dipl.
ACVIM—Neurology, Professor and Service Head, Neurology
and Neurosurgery, Department of Veterinary Clinical
Sciences, College of Veterinary Medicine, The Ohio State
University, Columbus, OH, Unites States

• Yvette S. Nout-Lomas, DVM, PhD, Department of Clinical
Sciences, Colorado State University, Fort Collins, CO,
United States

• Joe Fenn, BVetMed, MVetMed, FHEA, DipECVN,
Department of Clinical Science and Services, Royal Veterinary
College, Hatfield, United Kingdom

• Dr. Nicolas Granger DVM, PhD, DECVN, FHEA, MRCVS,
The Royal Veterinary College, University of London,
Hatfield, United Kingdom & CVS referrals, Bristol Veterinary
Specialists at Highcroft, Bristol, United Kingdom

• Dr. Ingo Spitzbarth, Ph.D., Dipl. ECVP, Institute of Veterinary
Pathology, Faculty of Veterinary Medicine, Leipzig University,
Leipzig, Germany

• VeronikaM. Stein Prof. Dr. PhD, DECVN, Division of Clinical
Neurology, Department for Clinical Veterinary Medicine,
Vetsuisse Faculty, University of Bern, Bern, Switzerland

• Prof. Dr. Andrea Tipold, Dipl ECVN, Department of Small
Animal Medicine and Surgery, University of Veterinary
Medicine Hannover, Hannover, Germany/Europe

• Ji-Hey Lim, Neurology and Neurosurgery, Department of
Veterinary Medicine and Surgery, University of Missouri,
Columbia, MO, United States

• Holger Volk, PhD, PGCAP, Dipl ECVN, Department of
Small Animal Medicine and Surgery, University of Veterinary
Medicine Hannover, Hannover, Germany/Europe

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fvets.
2020.579025/full#supplementary-material

REFERENCES

1. Frauchiger E, Fankhauser R. Nervous Diseases of Dogs. Bern: Verlag Hans

Huber (1949).

2. Olsson SE. On disc protrusion in dog (enchondrosis intervertebralis);

a study with special reference to roentgen diagnosis and to the

value of disc fenestration. Acta Orthop Scand Suppl. (1951) 8:1–

95. doi: 10.3109/ort.1951.22.suppl-8.01

3. Tillmanns S. Beiträge zur Enchondrosis Intervertebralis und den Wirbel-

Kanaltumoren des Hundes. Giessen: Ludwigs-Universität Giessen (1939).

4. Hansen HJ. A pathologic-anatomical interpretation of disc

degeneration in dogs. Acta Orthop Scand. (1951) 20:280–

93. doi: 10.3109/17453675108991175

5. Hansen HJ. A pathologic-anatomical study on disc degeneration in

dog, with special reference to the so-called enchondrosis intervertebralis.

Acta Orthop Scand Suppl. (1952) 11:1–117. doi: 10.3109/ort.1952.23.

suppl-11.01

6. Olsson SE, Hansen HJ. Cervical disc protrusions in the dog. J Am Vet Med

Assoc. (1952) 121:361–70.

7. Hansen HJ. Comparative views of the pathology of disk degeneration in

animals. Lab Invest. (1959) 8:1242–65.

8. Ghosh P, Taylor TK, Braund KG, Larsen LH. A comparative

chemical and histochemical study of the chondrodystrophoid and

nonchondrodystrophoid canine intervertebral disc. Vet Pathol. (1976)

13:414–27. doi: 10.1177/030098587601300603

9. Smolders LA, Bergknut N, Grinwis GC, Hagman R, Lagerstedt AS,

Hazewinkel HA, et al. Intervertebral disc degeneration in the dog. Part

2: chondrodystrophic and non-chondrodystrophic breeds. Vet J. (2013)

195:292–9. doi: 10.1016/j.tvjl.2012.10.011

10. Levine J, Fingeroth JM. Historical and current nomenclature associated

with intervertebral disc pathology. In: Fingeroth JM, Thomas WB, editors.

Advances in Intervertebral Disc Disease in Dogs and Cats. Hoboken, NJ:

Wiley-Blackwell (2015). p. 25–31. doi: 10.1002/9781118940372

11. Fardon DF, Williams AL, Dohring EJ, Murtagh FR, Gabriel Rothman SL,

Sze GK. Lumbar disc nomenclature: version 2.0: recommendations of the

combined task forces of the North American Spine society, the American

society of Spine radiology and the American society of neuroradiology. Spine

J. (2014) 14:2525–45. doi: 10.1016/j.spinee.2014.04.022

12. Bergknut N, Meij BP, Hagman R, de Nies KS, Rutges JP, Smolders LA, et al.

Intervertebral disc disease in dogs - part 1: a new histological grading scheme

for classification of intervertebral disc degeneration in dogs. Vet J. (2013)

195:156–63. doi: 10.1016/j.tvjl.2012.05.027

13. Kranenburg HJ, Grinwis GC, Bergknut N, Gahrmann N, Voorhout

G, Hazewinkel HA, et al. Intervertebral disc disease in dogs -

part 2: comparison of clinical, magnetic resonance imaging, and

histological findings in 74 surgically treated dogs. Vet J. (2013)

195:164–71. doi: 10.1016/j.tvjl.2012.06.001

14. Hansen T, Smolders LA, Tryfonidou MA, Meij BP, Vernooij JCM, Bergknut

N, et al. The myth of fibroid degeneration in the canine intervertebral

disc: a histopathological comparison of intervertebral disc degeneration

in chondrodystrophic and nonchondrodystrophic dogs. Vet Pathol. (2017)

54:945–52. doi: 10.1177/0300985817726834

15. Batcher K, Dickinson P, Giuffrida M, Sturges B, Vernau K, Knipe M, et al.

Phenotypic effects of FGF4 retrogenes on intervertebral disc disease in dogs.

Genes. (2019) 10:435. doi: 10.3390/genes10060435

16. Murphy BG, Dickinson P, Marcellin-Little DJ, Batcher K, Raverty

S, Bannasch D. Pathologic features of the intervertebral disc in

young nova scotia duck tolling retrievers confirms chondrodystrophy

degenerative phenotype associated with genotype. Vet Pathol. (2019)

56:895–902. doi: 10.1177/0300985819868731

17. Brown EA, Dickinson PJ, Mansour T, Sturges BK, Aguilar M, Young

AE, et al. FGF4 retrogene on CFA12 is responsible for chondrodystrophy

and intervertebral disc disease in dogs. Proc Natl Acad Sci USA. (2017)

114:11476–81. doi: 10.1073/pnas.1709082114

18. De Risio L, Adams V, Dennis R, McConnell FJ. Association of

clinical and magnetic resonance imaging findings with outcome

in dogs with presumptive acute noncompressive nucleus pulposus

extrusion: 42 cases (2000-2007). J Am Vet Med Assoc. (2009)

234:495–504. doi: 10.2460/javma.234.4.495

19. Hamilton T, Glass E, Drobatz K, Agnello KA. Severity of spinal

cord dysfunction and pain associated with hydrated nucleus

pulposus extrusion in dogs. Vet Comp Orthop Traumatol. (2014)

27:313–8. doi: 10.3415/VCOT-13-06-0076

20. Beltran E, Dennis R, Doyle V, de Stefani A, Holloway A, de Risio L. Clinical

and magnetic resonance imaging features of canine compressive cervical

myelopathy with suspected hydrated nucleus pulposus extrusion. J Small

Anim Pract. (2012) 53:101–7. doi: 10.1111/j.1748-5827.2011.01166.x

21. Windsor RC, Vernau KM, Sturges BK, Kass PH, Vernau W. Lumbar

cerebrospinal fluid in dogs with type I intervertebral disc herniation. J Vet

Intern Med. (2008) 22:954–60. doi: 10.1111/j.1939-1676.2008.0141.x

Frontiers in Veterinary Science | www.frontiersin.org 13 October 2020 | Volume 7 | Article 579025

https://www.frontiersin.org/articles/10.3389/fvets.2020.579025/full#supplementary-material
https://doi.org/10.3109/ort.1951.22.suppl-8.01
https://doi.org/10.3109/17453675108991175
https://doi.org/10.3109/ort.1952.23.suppl-11.01
https://doi.org/10.1177/030098587601300603
https://doi.org/10.1016/j.tvjl.2012.10.011
https://doi.org/10.1002/9781118940372
https://doi.org/10.1016/j.spinee.2014.04.022
https://doi.org/10.1016/j.tvjl.2012.05.027
https://doi.org/10.1016/j.tvjl.2012.06.001
https://doi.org/10.1177/0300985817726834
https://doi.org/10.3390/genes10060435
https://doi.org/10.1177/0300985819868731
https://doi.org/10.1073/pnas.1709082114
https://doi.org/10.2460/javma.234.4.495
https://doi.org/10.3415/VCOT-13-06-0076
https://doi.org/10.1111/j.1748-5827.2011.01166.x
https://doi.org/10.1111/j.1939-1676.2008.0141.x
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles


Fenn et al. Classification of Intervertebral Disc Disease

22. Bergknut N, Smolders LA, Grinwis GC, Hagman R, Lagerstedt

AS, Hazewinkel HA, et al. Intervertebral disc degeneration in the

dog. Part 1: Anatomy and physiology of the intervertebral disc

and characteristics of intervertebral disc degeneration. Vet J. (2013)

195:282–91. doi: 10.1016/j.tvjl.2012.10.024

23. Gomes SA, Volk HA, Packer RM, Kenny PJ, Beltran E, De Decker S.

Clinical and magnetic resonance imaging characteristics of thoracolumbar

intervertebral disk extrusions and protrusions in large breed dogs.Vet Radiol

Ultrasound. (2016) 57:417–26. doi: 10.1111/vru.12359

24. Olby NJ, Muguet-Chanoit AC, Lim JH, Davidian M, Mariani CL, Freeman

AC, et al. A placebo-controlled, prospective, randomized clinical trial of

polyethylene glycol and methylprednisolone sodium succinate in dogs

with intervertebral disk herniation. J Vet Intern Med. (2016) 30:206–

14. doi: 10.1111/jvim.13657

25. Scott HW. Hemilaminectomy for the treatment of thoracolumbar disc

disease in the dog: a follow-up study of 40 cases. J Small Anim Pract. (1997)

38:488. doi: 10.1111/j.1748-5827.1997.tb03303.x

26. Smith JD, Newell SM, Budsberg SC, Bennett RA. Incidence of

contralateral versus ipsi-lateral neurological signs associated with

lateralised Hansen type I disc extrusion. J Small Anim Pract. (1997)

38:495–7. doi: 10.1111/j.1748-5827.1997.tb03305.x

27. Davis GJ, Brown DC. Prognostic indicators for time to ambulation

after surgical decompression in nonambulatory dogs with acute

thoracolumbar disk extrusions: 112 cases. Vet Surg. (2002)

31:513–8. doi: 10.1053/jvet.2002.36015

28. Ruddle TL, Allen DA, Schertel ER, Barnhart MD, Wilson ER, Lineberger

JA, et al. Outcome and prognostic factors in nonambulatory Hansen type I

intervertebral disc extrusions: 308 cases.Vet CompOrthop Traumatol. (2006)

19:29–34. doi: 10.1055/s-0038-1632970

29. Dennison SE, Drees R, Rylander H, Yandell BS, Milovancev M, Pettigrew

R, et al. Evaluation of different computed tomography techniques and

myelography for the diagnosis of acute canine myelopathy. Vet Radiol

Ultrasound. (2010) 51:254–8. doi: 10.1111/j.1740-8261.2010.01667.x

30. Skytte D, Schmökel H. Relationship of preoperative neurologic score

with intervals to regaining micturition and ambulation following surgical

treatment of thoracolumbar disk herniation in dogs. J Am Vet Med Assoc.

(2018) 253:196–200. doi: 10.2460/javma.253.2.196

31. Upchurch DA, RenbergWC, Turner HS, McLellan JG. Effect of duration and

onset of clinical signs on short-term outcome of dogs with hansen type I

thoracolumbar intervertebral disc extrusion. Vet Comp Orthop Traumatol.

(2020) 33:161–6. doi: 10.1055/s-0039-1700988

32. Ferreira AJA, Correia JHD, Jaggy A. Thoracolumbar disc disease

in 71 paraplegic dogs: influence of rate of onset and duration of

clinical signs on treatment results. J Small Anim Pract. (2002)

43:158–63. doi: 10.1111/j.1748-5827.2002.tb00049.x

33. Brisson BA, Moffatt SL, Swayne SL, Parent JM. Recurrence of

thoracolumbar intervertebral disk extrusion in chondrodystrophic

dogs after surgical decompression with or without prophylactic

fenestration: 265 cases (1995-1999). J Am Vet Med Assoc. (2004)

224:1808. doi: 10.2460/javma.2004.224.1808

34. Penning V, Platt SR, Dennis R, Cappello R, Adams V. Association of

spinal cord compression seen on magnetic resonance imaging with clinical

outcome in 67 dogs with thoracolumbar intervertebral disc extrusion. J Small

Anim Pract. (2006) 47:644–50. doi: 10.1111/j.1748-5827.2006.00252.x

35. Newcomb B, Arble J, Rochat M, Pechman R, Payton M.

Comparison of computed tomography and myelography to a

reference standard of computed tomographic myelography for

evaluation of dogs with intervertebral disc disease. Vet Surg. (2012)

41:207–14. doi: 10.1111/j.1532-950X.2011.00911.x

36. Ingram EA, Kale DC, Balfour RJ. Hemilaminectomy for thoracolumbar

Hansen Type I intervertebral disk disease in ambulatory dogs with or

without neurologic deficits: 39 cases (2008-2010). Vet Surg. (2013) 42:924–

31. doi: 10.1111/j.1532-950X.2013.12061.x

37. Olby NJ, Munana KR, Sharp NJ, Thrall DE. The computed

tomographic appearance of acute thoracolumbar intervertebral

disc herniations in dogs. Vet Radiol Ultrasound. (2000)

41:396–402. doi: 10.1111/j.1740-8261.2000.tb01860.x

38. Olby N, Harris T, Burr J, Munana K, Sharp N, Keene B. Recovery of pelvic

limb function in dogs following acute intervertebral disc herniations. J

Neurotrauma. (2004) 21:49–59. doi: 10.1089/089771504772695940

39. Levine JM, Fosgate GT, Chen AV, Rushing R, Nghiem PP, Platt SR, et al.

Magnetic resonance imaging in dogs with neurologic impairment due to

acute thoracic and lumbar intervertebral disk herniation. J Vet Intern Med.

(2009) 23:1220–6. doi: 10.1111/j.1939-1676.2009.0393.x

40. Brisson BA, Holmberg DL, Parent J, Sears WC, Wick SE. Comparison of

the effect of single-site and multiple-site disk fenestration on the rate of

recurrence of thoracolumbar intervertebral disk herniation in dogs. J AmVet

Med Assoc. (2011) 238:1593–600. doi: 10.2460/javma.238.12.1593

41. Aikawa T, Fujita H, Kanazono S, Shibata M, Yoshigae Y. Long-

term neurologic outcome of hemilaminectomy and disk fenestration

for treatment of dogs with thoracolumbar intervertebral disk

herniation: 831 cases (2000-2007). J Am Vet Med Assoc. (2012)

241:1617–26. doi: 10.2460/javma.241.12.1617

42. Levine GJ, Cook JR, Kerwin SC, Mankin J, Griffin JF, Fosgate GT, et al.

Relationships between cerebrospinal fluid characteristics, injury severity, and

functional outcome in dogs with and without intervertebral disk herniation.

Vet Clin Pathol. (2014) 43:437–46. doi: 10.1111/vcp.12165

43. Jeffery ND, Barker AK, Hu HZ, Alcott CJ, Kraus KH, Scanlin EM, et al.

Factors associated with recovery from paraplegia in dogs with loss of pain

perception in the pelvic limbs following intervertebral disk herniation. J Am

Vet Med Assoc. (2016) 248:386–94. doi: 10.2460/javma.248.4.386

44. Moore SA, Early PJ, Hettlich BF. Practice patterns in the management of

acute intervertebral disc herniation in dogs. J Small Anim Pract. (2016)

57:409–15. doi: 10.1111/jsap.12496

45. Jeffery ND, Mankin JM, Ito D, Boudreau CE, Kerwin SC, Levine

JM, et al. Extended durotomy to treat severe spinal cord injury after

acute thoracolumbar disc herniation in dogs. Vet Surg. (2020) 49:884–

93. doi: 10.1111/vsu.13423

46. Takahashi F, Honnami A, Toki M, Dosaka A, Fujita Y, Hara Y, et al.

Effect of durotomy in dogs with thoracolumbar disc herniation and

without deep pain perception in the hind limbs. Vet Surg. (2020) 49:860–9.

doi: 10.1111/vsu.13409

47. Ito D, Matsunaga S, Jeffery ND, Sasaki N, Nishimura R, Mochizuki M, et

al. Prognostic value of magnetic resonance imaging in dogs with paraplegia

caused by thoracolumbar intervertebral disk extrusion: 77 cases (2000-

2003). J Am Vet Med Assoc. (2005) 227:1454–60. doi: 10.2460/javma.2005.22

7.1454

48. Levine JM, Levine GJ, Kerwin SC, Hettlich BF, Fosgate GT. Association

between various physical factors and acute thoracolumbar intervertebral

disk extrusion or protrusion in Dachshunds. J Am Vet Med Assoc. (2006)

229:370–5. doi: 10.2460/javma.229.3.370

49. Olby NJ, MacKillop E, Cerda-Gonzalez S, Moore S, Munana KR, Grafinger

M, et al. Prevalence of urinary tract infection in dogs after surgery for

thoracolumbar intervertebral disc extrusion. J Vet Intern Med. (2010)

24:1106–11. doi: 10.1111/j.1939-1676.2010.0567.x

50. Muguet-Chanoit AC, Olby NJ, Lim JH, Gallagher R, Niman Z, Dillard S, et

al. The cutaneous trunci muscle reflex: a predictor of recovery in dogs with

acute thoracolumbar myelopathies caused by intervertebral disc extrusions.

Vet Surg. (2012) 41:200–6. doi: 10.1111/j.1532-950X.2011.00921.x

51. De Decker S, Gomes SA, Packer RM, Kenny PJ, Beltran E, Parzefall

B, et al. Evaluation of magnetic resonance imaging guidelines for

differentiation between thoracolumbar intervertebral disk extrusions and

intervertebral disk protrusions in dogs. Vet Radiol Ultrasound. (2016)

57:526–33. doi: 10.1111/vru.12394

52. Fenn J, Laber E, Williams K, Rousse CA, Early PJ, Mariani CL,

et al. Associations between anesthetic variables and functional outcome

in dogs with thoracolumbar intervertebral disk extrusion undergoing

decompressive hemilaminectomy. J Vet Intern Med. (2017) 31:814–

24. doi: 10.1111/jvim.14677

53. Olby NJ, Lim JH, Wagner N, Zidan N, Early PJ, Mariani CL, et

al. Time course and prognostic value of serum GFAP, pNFH, and

S100beta concentrations in dogs with complete spinal cord injury because

of intervertebral disc extrusion. J Vet Intern Med. (2019) 33:726–

34. doi: 10.1111/jvim.15439

Frontiers in Veterinary Science | www.frontiersin.org 14 October 2020 | Volume 7 | Article 579025

https://doi.org/10.1016/j.tvjl.2012.10.024
https://doi.org/10.1111/vru.12359
https://doi.org/10.1111/jvim.13657
https://doi.org/10.1111/j.1748-5827.1997.tb03303.x
https://doi.org/10.1111/j.1748-5827.1997.tb03305.x
https://doi.org/10.1053/jvet.2002.36015
https://doi.org/10.1055/s-0038-1632970
https://doi.org/10.1111/j.1740-8261.2010.01667.x
https://doi.org/10.2460/javma.253.2.196
https://doi.org/10.1055/s-0039-1700988
https://doi.org/10.1111/j.1748-5827.2002.tb00049.x
https://doi.org/10.2460/javma.2004.224.1808
https://doi.org/10.1111/j.1748-5827.2006.00252.x
https://doi.org/10.1111/j.1532-950X.2011.00911.x
https://doi.org/10.1111/j.1532-950X.2013.12061.x
https://doi.org/10.1111/j.1740-8261.2000.tb01860.x
https://doi.org/10.1089/089771504772695940
https://doi.org/10.1111/j.1939-1676.2009.0393.x
https://doi.org/10.2460/javma.238.12.1593
https://doi.org/10.2460/javma.241.12.1617
https://doi.org/10.1111/vcp.12165
https://doi.org/10.2460/javma.248.4.386
https://doi.org/10.1111/jsap.12496
https://doi.org/10.1111/vsu.13423
https://doi.org/10.1111/vsu.13409
https://doi.org/10.2460/javma.2005.227.1454
https://doi.org/10.2460/javma.229.3.370
https://doi.org/10.1111/j.1939-1676.2010.0567.x
https://doi.org/10.1111/j.1532-950X.2011.00921.x
https://doi.org/10.1111/vru.12394
https://doi.org/10.1111/jvim.14677
https://doi.org/10.1111/jvim.15439
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles


Fenn et al. Classification of Intervertebral Disc Disease

54. Davies JV, Sharp NJH. A comparison of conservative treatment and

fenestration for thoracolumbar intervertebral disc disease in the dog. J Small

Anim Pract. (1983) 24:721–9.

55. Jeffery ND. Treatment of acute and chronic thoracolumbar disc disease by

‘mini hemilaminectomy’. J Small Anim Pract. (1988) 29:611–16.

56. Duval J, Dewey C, Roberts R, Aron D. Spinal cord swelling as a myelographic

indicator of prognosis: a retrospective study in dogs with intervertebral

disc disease and loss of deep pain perception. Vet Surg. (1996) 25:6–

12. doi: 10.1111/j.1532-950x.1996.tb01371.x

57. Scott HW, McKee WM. Laminectomy for 34 dogs with thoracolumbar

intervertebral disc disease and loss of deep pain perception. J Small Anim

Pract. (1999) 40:417–22. doi: 10.1111/j.1748-5827.1999.tb03114.x

58. Srugo I, Aroch I, Christopher MM, Chai O, Goralnik L, Bdolah-Abram T, et

al. Association of cerebrospinal fluid analysis findings with clinical signs and

outcome in acute nonambulatory thoracolumbar disc disease in dogs. J Vet

Intern Med. (2011) 25:846–55. doi: 10.1111/j.1939-1676.2011.0739.x

59. Yovich JC, Read R, Eger C. Modified lateral spinal decompression in 61 dogs

with thoracolurnbar disc protrusion. J Small Anim Pract. (1994) 35:351–6.

60. Kinzel S, Wolff M, Buecker A, Krombach GA, Stopinski T, Afify M, et

al. Partial percutaneous discectomy for treatment of thoracolumbar disc

protrusion: retrospective study of 331 dogs. J Small Anim Pract. (2005)

46:479–84. doi: 10.1111/j.1748-5827.2005.tb00276.x

61. Brisson BA. Intervertebral disc disease in dogs. Vet Clin North Am Small

Anim Pract. (2010) 40:829–58. doi: 10.1016/j.cvsm.2010.06.001

62. Cudia SP, Duval JM. Thoracolumbar intervertebral disk disease in large,

nonchondrodystrophic dogs: a retrospective study. J Am Anim Hosp Assoc.

(1997) 33:456–60. doi: 10.5326/15473317-33-5-456

63. Macias C, McKee WM, May C, Innes JF. Thoracolumbar disc disease

in large dogs: a study of 99 cases. J Small Anim Pract. (2002) 43:439–

46. doi: 10.1111/j.1748-5827.2002.tb00010.x

64. Crawford AH, De Decker S. Clinical presentation and outcome of dogs

treated medically or surgically for thoracolumbar intervertebral disc

protrusion. Vet Rec. (2017) 180:569. doi: 10.1136/vr.103871

65. Crawford AH, De Decker S. Comparison between hemilaminectomy with

either anulectomy or partial discectomy for treatment of thoracolumbar

intervertebral disc protrusion in dogs. Vet Comp Orthop Traumatol. (2018)

31:194–201. doi: 10.1055/s-0038-1639590

66. Guevar J, Olby N. Minimally invasive microsurgical decompression of an

intervertebral disc protrusion in a dog. Vet Surg. (2020) 49(Suppl. 1):O86–

92. doi: 10.1111/vsu.13263

67. Tartarelli CL, Baroni M, Borghi M. Thoracolumbar disc

extrusion associated with extensive epidural haemorrhage: a

retrospective study of 23 dogs. J Small Anim Pract. (2005)

46:485–90. doi: 10.1111/j.1748-5827.2005.tb00277.x

68. Cerda-Gonzalez S, Olby NJ. Fecal incontinence associated with epidural

spinal hematoma and intervertebral disk extrusion in a dog. J Am Vet Med

Assoc. (2006) 228:230–5. doi: 10.2460/javma.228.2.230

69. Fenn J, Drees R, Volk HA, De Decker S. Comparison of clinical signs and

outcomes between dogs with presumptive ischemic myelopathy and dogs

with acute noncompressive nucleus pulposus extrusion. J Am Vet Med Assoc.

(2016) 249:767–75. doi: 10.2460/javma.249.7.767

70. Specchi S, Johnson P, Beauchamp G, Masseau I, Pey P. Assessment of

interobserver agreement and use of selected magnetic resonance imaging

variables for differentiation of acute noncompressive nucleus pulposus

extrusion and ischemic myelopathy in dogs. J Am Vet Med Assoc. (2016)

248:1013–21. doi: 10.2460/javma.248.9.1013

71. Meij BP, Bergknut N. Degenerative lumbosacral stenosis in

dogs. Vet Clin North Am Small Anim Pract. (2010) 40:983–

1009. doi: 10.1016/j.cvsm.2010.05.006

72. Poncelet L, Heimann M. Intradural vertebral disc herniation in a dog. Vet

Rec. (2011) 168:486a. doi: 10.1136/vr.c6740

73. Mari L, Behr S, Shea A, Dominguez E, Ricco C, Alcoverro E, et al. Predictors

of urinary or fecal incontinence in dogs with thoracolumbar acute non-

compressive nucleus pulposus extrusion. J Vet Intern Med. (2019) 33:2693–

700. doi: 10.1111/jvim.15626

74. Bagley R. Spinal cord enigmas: fibrocartilaginous emboli, arachnoid cyst and

others. In: Proceedings of the 21st Annual American College of Veterinary

Internal Medicine Forum. Charlotte, NC (2003). p. 10–1.

75. Lu D, Lamb CR, Wesselingh K, Targett MP. Acute intervertebral disc

extrusion in a cat: clinical and MRI findings. J Feline Med Surg. (2002)

4:65–8. doi: 10.1053/jfms.2001.0150

76. Chang Y, Dennis R, Platt SR, Penderis J. Magnetic resonance imaging of

traumatic intervertebral disc extrusion in dogs. Vet Rec. (2007) 160:795–

9. doi: 10.1136/vr.160.23.795

77. Henke D, Gorgas D, Flegel T, Vandevelde M, Lang J, Doherr MG, et al.

Magnetic resonance imaging findings in dogs with traumatic intervertebral

disk extrusion with or without spinal cord compression: 31 cases (2006-

2010). J Am Vet Med Assoc. (2013) 242:217–22. doi: 10.2460/javma.24

2.2.217

78. Griffiths IR. A syndrome produced by dorso-lateral “explosions”

of the cervical intervertebral discs. Vet Rec. (1970) 87:737–

41. doi: 10.1136/vr.87.24.737

79. Bartholomew KA, Stover KE, Olby NJ, Moore SA. Clinical characteristics

of canine fibrocartilaginous embolic myelopathy (FCE): a systematic

review of 393 cases (1973-2013). Vet Rec. (2016) 179:650. doi: 10.1136/vr.

103863

80. Chow K, Beatty JA, Voss K, Barrs VR. Probable lumbar acute non-

compressive nucleus pulposus extrusion in a cat with acute onset paraparesis.

J Feline Med Surg. (2012) 14:764–7. doi: 10.1177/1098612X12450110

81. Dolera M, Malfassi L, Marcarini S, Mazza G, Sala M, Carrara N, et al.

Hydrated nucleus pulposus extrusion in dogs: correlation of magnetic

resonance imaging and microsurgical findings. Acta Vet Scand. (2015)

57:58. doi: 10.1186/s13028-015-0151-x

82. De Decker S, Warner AS, Volk HA. Prevalence and breed predisposition for

thoracolumbar intervertebral disc disease in cats. J Feline Med Surg. (2017)

19:419–23. doi: 10.1177/1098612X16630358

83. Manunta ML, Evangelisti MA, Bergknut N, Grinwis GC, Ballocco I, Meij

BP. Hydrated nucleus pulposus herniation in seven dogs. Vet J. (2015)

203:342–4. doi: 10.1016/j.tvjl.2014.12.027

84. Borlace T, Gutierrez-Quintana R, Taylor-Brown FE, De Decker S.

Comparison of medical and surgical treatment for acute cervical

compressive hydrated nucleus pulposus extrusion in dogs. Vet Rec. (2017)

181:625. doi: 10.1136/vr.104528

85. Falzone C. Canine acute cervical myelopathy: hydrated nucleus

pulposus extrusion or intraspinal discal cysts? Vet Surg. (2017)

46:376–80. doi: 10.1111/vsu.12631

86. Konar M, Lang J, Fluhmann G, Forterre F. Ventral intraspinal

cysts associated with the intervertebral disc: magnetic resonance

imaging observations in seven dogs. Vet Surg. (2008) 37:94–

101. doi: 10.1111/j.1532-950X.2007.00353.x

87. Kamishina H, Ogawa H, Katayama M, Yasuda J, Sato R, Tohyama K.

Spontaneous regression of a cervical intraspinal cyst in a dog. J Vet Med Sci.

(2010) 72:349–52. doi: 10.1292/jvms.09-0375

88. De Risio L. A review of fibrocartilaginous embolic myelopathy and different

types of peracute non-compressive intervertebral disk extrusions in dogs and

cats. Front Vet Sci. (2015) 2:24. doi: 10.3389/fvets.2015.00024

89. Tamura S, Doi S, Tamura Y, Takahashi K, Enomoto H, Ozawa T, et al.

Thoracolumbar intradural disc herniation in eight dogs: clinical, low-field

magnetic resonance imaging, and computed tomographic myelography

findings. Vet Radiol Ultrasound. (2015) 56:160–7. doi: 10.1111/vru.

12213

90. Barnoon I, Chai O, Srugo I, Peeri D, Konstantin L, Brenner O, et al.

Spontaneous intradural disc herniation with focal distension of the

subarachnoid space in a dog. Can Vet J. (2012) 53:1191–4.

91. Kitagawa M, Okada M, Kanayama K, Sakai T. Identification of ventrolateral

intramedullary intervertebral disc herniation in a dog. J S Afr Vet Assoc.

(2012) 83:103. doi: 10.4102/jsava.v83i1.103

92. Liptak JM, Allan GS, Krockenberger MB, Davis PE, Malik R. Radiographic

diagnosis: intramedullary extrusion of an intervertebral disc. Vet Radiol

Ultrasound. (2002) 43:272–4. doi: 10.1111/j.1740-8261.2002.tb01002.x

93. McConnell JF, Garosi LS. Intramedullary intervertebral disk

extrusion in a cat. Vet Radiol Ultrasound. (2004) 45:327–

30. doi: 10.1111/j.1740-8261.2004.04062.x

94. Hawthorne J, Wallace L, Fenner W, Waters D. Fibrocartilaginous embolic

myelopathy in miniature schnauzers. J Am Anim Hosp Assoc. (2001) 37:374–

83. doi: 10.5326/15473317-37-4-374

Frontiers in Veterinary Science | www.frontiersin.org 15 October 2020 | Volume 7 | Article 579025

https://doi.org/10.1111/j.1532-950x.1996.tb01371.x
https://doi.org/10.1111/j.1748-5827.1999.tb03114.x
https://doi.org/10.1111/j.1939-1676.2011.0739.x
https://doi.org/10.1111/j.1748-5827.2005.tb00276.x
https://doi.org/10.1016/j.cvsm.2010.06.001
https://doi.org/10.5326/15473317-33-5-456
https://doi.org/10.1111/j.1748-5827.2002.tb00010.x
https://doi.org/10.1136/vr.103871
https://doi.org/10.1055/s-0038-1639590
https://doi.org/10.1111/vsu.13263
https://doi.org/10.1111/j.1748-5827.2005.tb00277.x
https://doi.org/10.2460/javma.228.2.230
https://doi.org/10.2460/javma.249.7.767
https://doi.org/10.2460/javma.248.9.1013
https://doi.org/10.1016/j.cvsm.2010.05.006
https://doi.org/10.1136/vr.c6740
https://doi.org/10.1111/jvim.15626
https://doi.org/10.1053/jfms.2001.0150
https://doi.org/10.1136/vr.160.23.795
https://doi.org/10.2460/javma.242.2.217
https://doi.org/10.1136/vr.87.24.737
https://doi.org/10.1136/vr.103863
https://doi.org/10.1177/1098612X12450110
https://doi.org/10.1186/s13028-015-0151-x
https://doi.org/10.1177/1098612X16630358
https://doi.org/10.1016/j.tvjl.2014.12.027
https://doi.org/10.1136/vr.104528
https://doi.org/10.1111/vsu.12631
https://doi.org/10.1111/j.1532-950X.2007.00353.x
https://doi.org/10.1292/jvms.09-0375
https://doi.org/10.3389/fvets.2015.00024
https://doi.org/10.1111/vru.12213
https://doi.org/10.4102/jsava.v83i1.103
https://doi.org/10.1111/j.1740-8261.2002.tb01002.x
https://doi.org/10.1111/j.1740-8261.2004.04062.x
https://doi.org/10.5326/15473317-37-4-374
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles


Fenn et al. Classification of Intervertebral Disc Disease

95. De Risio L, Platt SR. Fibrocartilaginous embolic myelopathy in

small animals. Vet Clin North Am Small Anim Pract. (2010)

40:859–69. doi: 10.1016/j.cvsm.2010.05.003

96. de Lahunta A, Alexander J. Ischemic myelopathy secondary to presumed

fibrocartilaginous embolism in nine dogs. J Am Anim Hosp Assoc.

(1976) 12:37–48.

97. Gilmore R, De Lahunta, A. Necrotizing myelopathy secondary to presumed

or confirmed fibrocartilaginous embolism in 24 dogs. J AmAnimHosp Assoc.

(1987) 23:373.

98. Cauzinille L, Kornegay JN. Fibrocartilaginous embolism of the

spinal cord in dogs: review of 36 histologically confirmed cases and

retrospective study of 26 suspected cases. J Vet Intern Med. (1996)

10:241–5. doi: 10.1111/j.1939-1676.1996.tb02056.x

99. Gandini G, Cizinauskas S, Lang J, Fatzer R, Jaggy A.

Fibrocartilaginous embolism in 75 dogs: clinical findings and

factors influencing the recovery rate. J Small Anim Pract. (2003)

44:76–80. doi: 10.1111/j.1748-5827.2003.tb00124.x

100. De Risio L, Adams V, Dennis R, McConnell FJ, Platt SR. Association of

clinical and magnetic resonance imaging findings with outcome in dogs

suspected to have ischemic myelopathy: 50 cases (2000-2006). J Am Vet Med

Assoc. (2008) 233:129–35. doi: 10.2460/javma.233.1.129

101. Yarrow TG, Jeffery ND. Dura mater laceration associated with acute

paraplegia in three dogs.Vet Rec. (2000) 146:138–9. doi: 10.1136/vr.146.5.138

102. Theobald A, Volk HA, Dennis R, Berlato D, De Risio L. Clinical outcome

in 19 cats with clinical and magnetic resonance imaging diagnosis of

ischaemic myelopathy (2000-2011). J Feline Med Surg. (2013) 15:132–

41. doi: 10.1177/1098612X12463927

103. Griffiths IR. Spinal cord infarction due to emboli arising from

the intervertebral discs in the dog. J Comp Pathol. (1973)

83:225–32. doi: 10.1016/0021-9975(73)90046-7

104. Coates JR. Intervertebral disk disease. Vet Clin North Am Small Anim Pract.

(2000) 30:77–110. doi: 10.1016/S0195-5616(00)50004-7

105. McGeady TA. Veterinary Embryology. 2nd ed. Chichester; Ames, IA: John

Wiley & Sons Inc. (2017). p. 167–95.

106. Bray JP, Burbidge HM. The canine intervertebral disk: part

one: structure and function. J Am Anim Hosp Assoc. (1998)

34:55–63. doi: 10.5326/15473317-34-1-55

107. Ghosh P, Taylor TK, Braund KG. The variation of the glycosaminoglycans

of the canine intervertebral disc with ageing. I. Chondrodystrophoid breed.

Gerontology. (1977) 23:87–98. doi: 10.1159/000212177

108. Johnson JA, da Costa RC, Allen MJ. Micromorphometry and cellular

characteristics of the canine cervical intervertebral discs. J Vet Intern Med.

(2010) 24:1343–9. doi: 10.1111/j.1939-1676.2010.0613.x

109. Ghosh P, Taylor TK, Braund KG, Larsen LH. The collagenous and

non-collagenous protein of the canine intervertebral disc and their

variation with age, spinal level and breed. Gerontology. (1976) 22:124–

34. doi: 10.1159/000212129

110. Bray JP, Burbidge HM. The canine intervertebral disk. Part

Two: degenerative changes–nonchondrodystrophoid versus

chondrodystrophoid disks. J Am Anim Hosp Assoc. (1998)

34:135–44. doi: 10.5326/15473317-34-2-135

111. Bergknut N, Rutges JP, Kranenburg HJ, Smolders LA, Hagman R, Smidt HJ,

et al. The dog as an animal model for intervertebral disc degeneration? Spine.

(2012) 37:351–8. doi: 10.1097/BRS.0b013e31821e5665

112. Ghosh P, Taylor TK, Braund KG. Variation of the glycosaminoglycans

of the intervertebral disc with ageing. II. Non-chondrodystrophoid breed.

Gerontology. (1977) 23:99–109. doi: 10.1159/000212178

113. Fluehmann G, Doherr MG, Jaggy A. Canine neurological diseases in

a referral hospital population between 1989 and 2000 in Switzerland.

J Small Anim Pract. (2006) 47:582–7. doi: 10.1111/j.1748-5827.2006.

00106.x

114. Rossi G, Stachel A, Lynch A, Olby N. Intervertebral disc disease

and aortic thromboembolism are the most common causes of acute

paralysis in dogs and cats presenting to an emergency clinic. Vet Rec.

(2020) doi: 10.1136/vr.105844. [Epub ahead of print].

115. Stigen O. Calcification of intervertebral discs in the dachshund. A

radiographic study of 327 young dogs. Acta Vet Scand. (1991) 32:

197–203.

116. Jensen VF, Arnbjerg J. Development of intervertebral disk calcification in the

dachshund: a prospective longitudinal radiographic study. J Am Anim Hosp

Assoc. (2001) 37:274–82. doi: 10.5326/15473317-37-3-274

117. Jensen VF. Asymptomatic radiographic disappearance of calcified

intervertebral disc material in the dachshund. Vet Radiol Ultrasound.

(2001) 42:141–8. doi: 10.1111/j.1740-8261.2001.tb00917.x

118. Cherrone KL, Dewey CW, Coates JR, Bergman RL. A retrospective

comparison of cervical intervertebral disk disease in nonchondrodystrophic

large dogs versus small dogs. J Am Anim Hosp Assoc. (2004) 40:316–

20. doi: 10.5326/0400316

119. Mogensen MS, Karlskov-Mortensen P, Proschowsky HF, Lingaas F,

Lappalainen A, Lohi H, et al. Genome-wide association study in

dachshund: identification of a major locus affecting intervertebral disc

calcification. J Hered. (2011) 102(Suppl. 1):S81–6. doi: 10.1093/jhered/

esr021

120. Packer RM, Hendricks A, Volk HA, Shihab NK, Burn CC. How

long and low can you go? Effect of conformation on the risk of

thoracolumbar intervertebral disc extrusion in domestic dogs. PLoS ONE.

(2013) 8:e69650. doi: 10.1371/journal.pone.0069650

121. Jensen VF, Ersboll AK. Mechanical factors affecting the

occurrence of intervertebral disc calcification in the dachshund–

a population study. J Vet Med A Physiol Pathol Clin Med. (2000)

47:283–96. doi: 10.1046/j.1439-0442.2000.00296.x

122. DiVita MM, Bray KY, Williams LM, Traslavina RP. What

is your neurologic diagnosis? J Am Vet Med Assoc. (2020)

256:981–3. doi: 10.2460/javma.256.9.981

123. Munana KR, Olby NJ, Sharp NJ, Skeen TM. Intervertebral

disk disease in 10 cats. J Am Anim Hosp Assoc. (2001)

37:384–9. doi: 10.5326/15473317-37-4-384

124. Fadda A, Oevermann A, Vandevelde M, Doherr MG, Forterre F,

Henke D. Clinical and pathological analysis of epidural inflammation in

intervertebral disk extrusion in dogs. J Vet Intern Med. (2013) 27:924–

34. doi: 10.1111/jvim.12095

125. Bos AS, Brisson BA, Nykamp SG, Poma R, Foster RA. Accuracy, intermethod

agreement, and inter-reviewer agreement for use of magnetic resonance

imaging andmyelography in small-breed dogs with naturally occurring first-

time intervertebral disk extrusion. J Am Vet Med Assoc. (2012) 240:969–

77. doi: 10.2460/javma.240.8.969

126. Pfirrmann CW, Metzdorf A, Zanetti M, Hodler J, Boos N. Magnetic

resonance classification of lumbar intervertebral disc degeneration. Spine.

(2001) 26:1873–8. doi: 10.1097/00007632-200109010-00011

127. Tidwell AS, Specht A, Blaeser L, Kent M. Magnetic resonance

imaging features of extradural hematomas associated with

intervertebral disc herniation in a dog. Vet Radiol Ultrasound. (2002)

43:319–24. doi: 10.1111/j.1740-8261.2002.tb01011.x

128. Mateo I, Lorenzo V, Foradada L, Munoz A. Clinical, pathologic,

and magnetic resonance imaging characteristics of canine disc

extrusion accompanied by epidural hemorrhage or inflammation. Vet

Radiol Ultrasound. (2011) 52:17–24. doi: 10.1111/j.1740-8261.2010.

01746.x

129. De Decker S, da Costa RC, Volk HA, Van Ham LM. Current

insights and controversies in the pathogenesis and diagnosis of disc-

associated cervical spondylomyelopathy in dogs. Vet Rec. (2012) 171:531–

7. doi: 10.1136/vr.e7952

130. Cooper JJ, Young BD, Griffin JFt, Fosgate GT, Levine JM. Comparison

between noncontrast computed tomography and magnetic resonance

imaging for detection and characterization of thoracolumbar myelopathy

caused by intervertebral disk herniation in dogs. Vet Radiol Ultrasound.

(2014) 55:182–9. doi: 10.1111/vru.12114

131. Besalti O, Pekcan Z, Sirin YS, Erbas G. Magnetic resonance imaging

findings in dogs with thoracolumbar intervertebral disk disease: 69 cases

(1997-2005). J Am Vet Med Assoc. (2006) 228:902–8. doi: 10.2460/javma.

228.6.902

132. Penning VA, Benigni L, Steeves E, Cappello R. Imaging diagnosis–

degenerative intraspinal cyst associated with an intervertebral disc. Vet

Radiol Ultrasound. (2007) 48:424–7. doi: 10.1111/j.1740-8261.2007.00272.x

133. De Decker S, Fenn J. Acute herniation of nondegenerate nucleus pulposus:

acute noncompressive nucleus pulposus extrusion and compressive hydrated

Frontiers in Veterinary Science | www.frontiersin.org 16 October 2020 | Volume 7 | Article 579025

https://doi.org/10.1016/j.cvsm.2010.05.003
https://doi.org/10.1111/j.1939-1676.1996.tb02056.x
https://doi.org/10.1111/j.1748-5827.2003.tb00124.x
https://doi.org/10.2460/javma.233.1.129
https://doi.org/10.1136/vr.146.5.138
https://doi.org/10.1177/1098612X12463927
https://doi.org/10.1016/0021-9975(73)90046-7
https://doi.org/10.1016/S0195-5616(00)50004-7
https://doi.org/10.5326/15473317-34-1-55
https://doi.org/10.1159/000212177
https://doi.org/10.1111/j.1939-1676.2010.0613.x
https://doi.org/10.1159/000212129
https://doi.org/10.5326/15473317-34-2-135
https://doi.org/10.1097/BRS.0b013e31821e5665
https://doi.org/10.1159/000212178
https://doi.org/10.1111/j.1748-5827.2006.00106.x
https://doi.org/10.1136/vr.105844
https://doi.org/10.5326/15473317-37-3-274
https://doi.org/10.1111/j.1740-8261.2001.tb00917.x
https://doi.org/10.5326/0400316
https://doi.org/10.1093/jhered/esr021
https://doi.org/10.1371/journal.pone.0069650
https://doi.org/10.1046/j.1439-0442.2000.00296.x
https://doi.org/10.2460/javma.256.9.981
https://doi.org/10.5326/15473317-37-4-384
https://doi.org/10.1111/jvim.12095
https://doi.org/10.2460/javma.240.8.969
https://doi.org/10.1097/00007632-200109010-00011
https://doi.org/10.1111/j.1740-8261.2002.tb01011.x
https://doi.org/10.1111/j.1740-8261.2010.01746.x
https://doi.org/10.1136/vr.e7952
https://doi.org/10.1111/vru.12114
https://doi.org/10.2460/javma.228.6.902
https://doi.org/10.1111/j.1740-8261.2007.00272.x
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles


Fenn et al. Classification of Intervertebral Disc Disease

nucleus pulposus extrusion. Vet Clin North Am Small Anim Pract. (2018)

48:95–109. doi: 10.1016/j.cvsm.2017.08.004

134. Lowrie ML, Platt SR, Garosi LS. Extramedullary spinal cysts in dogs. Vet

Surg. (2014) 43:650–62. doi: 10.1111/j.1532-950X.2014.12200.x

135. Chiba K, Toyama Y, Matsumoto M, Maruiwa H, Watanabe

M, Nishizawa T. Intraspinal cyst communicating with the

intervertebral disc in the lumbar spine: discal cyst. Spine. (2001)

26:2112–8. doi: 10.1097/00007632-200110010-00014

136. Royaux E, Martle V, Kromhout K, Van der Vekens E, Broeckx BJ, Van

Ham L, et al. Detection of compressive hydrated nucleus pulposus extrusion

in dogs with multislice computed tomography. Vet J. (2016) 216:202–

6. doi: 10.1016/j.tvjl.2016.08.012

137. Taylor-Brown FE, De Decker S. Presumptive acute non-compressive

nucleus pulposus extrusion in 11 cats: clinical features, diagnostic imaging

findings, treatment and outcome. J Feline Med Surg. (2017) 19:21–

6. doi: 10.1177/1098612X15605150

138. Mari L, Behr S, Shea A, Dominguez E, Johnson PJ, Ekiri A, et al. Outcome

comparison in dogs with a presumptive diagnosis of thoracolumbar

fibrocartilaginous embolic myelopathy and acute non-compressive nucleus

pulposus extrusion. Vet Rec. (2017) 181:293. doi: 10.1136/vr.104090

139. Fenn J, Drees R, Volk HA, Decker SD. Inter- and intraobserver agreement

for diagnosing presumptive ischemic myelopathy and acute noncompressive

nucleus pulposus extrusion in dogs using magnetic resonance imaging. Vet

Radiol Ultrasound. (2016) 57:33–40. doi: 10.1111/vru.12289

140. Henke D, Vandevelde M, Doherr MG, Stockli M, Forterre F. Correlations

between severity of clinical signs and histopathological changes in 60 dogs

with spinal cord injury associated with acute thoracolumbar intervertebral

disc disease. Vet J. (2013) 198:70–5. doi: 10.1016/j.tvjl.2013.04.003

141. Sanders SG, Bagley RS, Gavin PR. Intramedullary spinal cord damage

associated with intervertebral disk material in a dog. J Am Vet Med Assoc.

(2002) 221:1594–6, 74–5. doi: 10.2460/javma.2002.221.1594

142. Kent M, Holmes S, Cohen E, Sakals S, Roach W, Platt S, et al.

Imaging diagnosis-CT myelography in a dog with intramedullary

intervertebral disc herniation. Vet Radiol Ultrasound. (2011)

52:185–7. doi: 10.1111/j.1740-8261.2010.01755.x

143. McKee WM, Downes CJ. Rupture of the dura mater in two dogs caused

by the peracute extrusion of a cervical disc. Vet Rec. (2008) 162:479–

81. doi: 10.1136/vr.162.15.479

144. Hay CW, Muir P. Tearing of the dura mater in three dogs. Vet Rec. (2000)

146:279–82. doi: 10.1136/vr.146.10.279

145. Roush J, Douglass J, Hertzke D, Kennedy G. Traumatic dural

laceration in a racing greyhound. Vet Radiol Ultrasound. (1992)

33:22–4. doi: 10.1111/j.1740-8261.1992.tb01951.x

146. Packer RA, Frank PM, Chambers JN. Traumatic subarachnoid-

pleural fistula in a dog. Vet Radiol Ultrasound. (2004) 45:523–

7. doi: 10.1111/j.1740-8261.2004.04089.x

147. Zaki FA, Prata RG, KayWJ. Necrotizing myelopathy in five great danes. J Am

Vet Med Assoc. (1974) 165:1080–4.

148. Zaki FA, Prata RG. Necrotizing myelopathy secondary to embolization of

herniated intervertebral disk material in the dog. J Am Vet Med Assoc.

(1976) 169:222–8.

149. Chick BF. Ischaemic embolic myelopathy in a labrador crossbred dog. Can

Vet J. (1979) 20:84–6.

150. Hayes MA, Creighton SR, Boysen BG, Holfeld N. Acute necrotizing

myelopathy from nucleus pulposus embolism in dogs with intervertebral

disk degeneration. J Am Vet Med Assoc. (1978) 173:289–5.

151. Feigin I, Popoff N, Adachi M. Fibrocartilagenous venous emboli to the

spinal cord with necrotic myelopathy. J Neuropathol Exp Neurol. (1965)

24:63–74. doi: 10.1097/00005072-196501000-00006

152. Grunenfelder FI, Weishaupt D, Green R, Steffen F. Magnetic resonance

imaging findings in spinal cord infarction in three small breed dogs.

Vet Radiol Ultrasound. (2005) 46:91–6. doi: 10.1111/j.1740-8261.2005.0

0019.x

153. Ueno H, Shimizu J, Uzuka Y, Kobayashi Y, Hirokawa H, Ueno E, et al.

Fibrocartilaginous embolism in a chondrodystrophoid breed dog. Aust Vet

J. (2005) 83:142–4. doi: 10.1111/j.1751-0813.2005.tb11620.x

154. Castel A, Olby NJ. Acute change in neurological level following

canine intervertebral disc herniation. J Small Anim Pract. (2016)

57:220. doi: 10.1111/jsap.12445

155. Junker K, van den Ingh TS, Bossard MM, van Nes JJ. Fibrocartilaginous

embolism of the spinal cord (FCE) in juvenile Irish wolfhounds. Vet Q.

(2000) 22:154–6. doi: 10.1080/01652176.2000.9695046

156. Dyce J, Houlton J. Fibrocartilaginous embolism in the dog. J Small Anim

Pract. (1993) 34:332–6. doi: 10.1111/j.1748-5827.1993.tb02706.x

157. Abramson CJ, Garosi L, Platt SR, Dennis R, McConnell JF.

Magnetic resonance imaging appearance of suspected ischemic

myelopathy in dogs. Vet Radiol Ultrasound. (2005) 46:225–

9. doi: 10.1111/j.1740-8261.2005.00037.x

158. Berlin R, Gruen R, Best J. Systems medicine disease: disease classification

and scalability beyond networks and boundary conditions. Front Bioeng

Biotechnol. (2018) 6:112. doi: 10.3389/fbioe.2018.00112

159. Thompson JP, Pearce RH, Schechter MT, Adams ME, Tsang IK,

Bishop PB. Preliminary evaluation of a scheme for grading the gross

morphology of the human intervertebral disc. Spine. (1990) 15:411–

5. doi: 10.1097/00007632-199005000-00012

160. Bergknut N, Grinwis G, Pickee E, Auriemma E, Lagerstedt AS, Hagman R,

et al. Reliability of macroscopic grading of intervertebral disk degeneration

in dogs by use of the thompson system and comparison with low-

field magnetic resonance imaging findings. Am J Vet Res. (2011) 72:899–

904. doi: 10.2460/ajvr.72.7.899

161. Bergknut N, Auriemma E, Wijsman S, Voorhout G, Hagman R,

Lagerstedt AS, et al. Evaluation of intervertebral disk degeneration in

chondrodystrophic and nonchondrodystrophic dogs by use of Pfirrmann

grading of images obtained with low-field magnetic resonance imaging. Am

J Vet Res. (2011) 72:893–8. doi: 10.2460/ajvr.72.7.893

162. Jayadev S, Bird TD. Hereditary ataxias: overview. Genet Med. (2013) 15:673–

83. doi: 10.1038/gim.2013.28

163. Cardy TJ, De Decker S, Kenny PJ, Volk HA. Clinical reasoning in canine

spinal disease: what combination of clinical information is useful? Vet Rec.

(2015) 177:171. doi: 10.1136/vr.102988

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Copyright © 2020 Fenn, Olby and the Canine Spinal Cord Injury Consortium

(CANSORT-SCI). This is an open-access article distributed under the terms of

the Creative Commons Attribution License (CC BY). The use, distribution or

reproduction in other forums is permitted, provided the original author(s) and the

copyright owner(s) are credited and that the original publication in this journal

is cited, in accordance with accepted academic practice. No use, distribution or

reproduction is permitted which does not comply with these terms.

Frontiers in Veterinary Science | www.frontiersin.org 17 October 2020 | Volume 7 | Article 579025

https://doi.org/10.1016/j.cvsm.2017.08.004
https://doi.org/10.1111/j.1532-950X.2014.12200.x
https://doi.org/10.1097/00007632-200110010-00014
https://doi.org/10.1016/j.tvjl.2016.08.012
https://doi.org/10.1177/1098612X15605150
https://doi.org/10.1136/vr.104090
https://doi.org/10.1111/vru.12289
https://doi.org/10.1016/j.tvjl.2013.04.003
https://doi.org/10.2460/javma.2002.221.1594
https://doi.org/10.1111/j.1740-8261.2010.01755.x
https://doi.org/10.1136/vr.162.15.479
https://doi.org/10.1136/vr.146.10.279
https://doi.org/10.1111/j.1740-8261.1992.tb01951.x
https://doi.org/10.1111/j.1740-8261.2004.04089.x
https://doi.org/10.1097/00005072-196501000-00006
https://doi.org/10.1111/j.1740-8261.2005.00019.x
https://doi.org/10.1111/j.1751-0813.2005.tb11620.x
https://doi.org/10.1111/jsap.12445
https://doi.org/10.1080/01652176.2000.9695046
https://doi.org/10.1111/j.1748-5827.1993.tb02706.x
https://doi.org/10.1111/j.1740-8261.2005.00037.x
https://doi.org/10.3389/fbioe.2018.00112
https://doi.org/10.1097/00007632-199005000-00012
https://doi.org/10.2460/ajvr.72.7.899
https://doi.org/10.2460/ajvr.72.7.893
https://doi.org/10.1038/gim.2013.28
https://doi.org/10.1136/vr.102988
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles

	Classification of Intervertebral Disc Disease
	Introduction
	Anatomy of The Intervertebral Disc
	The Nucleus Pulposus
	The Transitional Zone
	The Annulus Fibrosus
	The Cartilaginous Endplates

	Intervertebral Disc Degeneration
	Types of Intervertebral Disc Herniation
	(Hansen Type I/Acute) Intervertebral Disc Extrusion
	Pathophysiology
	Clinical Presentation and Diagnosis

	Acute Intervertebral Disc Extrusion With Extensive Epidural Hemorrhage
	Pathophysiology
	Clinical Presentation and Diagnosis

	(Hansen Type II/Chronic) Intervertebral Disc Protrusion
	Pathophysiology
	Clinical Presentation and Diagnosis

	Hydrated Nucleus Pulposus Extrusion (HNPE)
	Pathophysiology
	Clinical Presentation and Diagnosis

	Acute Non-compressive Nucleus Pulposus Extrusion (ANNPE)
	Pathophysiology
	Clinical Presentation and Diagnosis

	Traumatic Intervertebral Disc Extrusion
	Intradural/Intramedullary Intervertebral Disc Extrusion (IIVDE)

	Embolic Disease Associated with the Intervertebral Disc
	Fibrocartilaginous Embolic Myelopathy (FCEM)
	Pathophysiology
	Clinical Presentation and Diagnosis


	Discussion
	Author Contributions
	Cansort SCI Affiliations
	Supplementary Material
	References


