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Abstract

Equine intervertebral disc degeneration is thought to be rare and of limited clinical relevance, although research is lacking. To
objectively assess pathological changes of the equine intervertebral disc and their clinical relevance, description of the normal
morphology and a practical, biologically credible grading scheme are needed. The objectives of this study are to describe the
gross and histological appearance of the equine intervertebral discs and to propose a grading scheme for macroscopic
degeneration. Spinal units from 33 warmblood horses were grossly analyzed and scored. Of the 286 intervertebral discs
analyzed, 107 (37%) were assigned grade | and grade 2 (considered normal) and were analyzed histologically. A nucleus
pulposus and an annulus fibrosus could be identified macroscopically and histologically. Histologically, the nucleus pulposus was
composed of a cartilaginous matrix and the annulus fibrosus of parallel collagenous bands. A transition zone was also histo-
logically visible. Intra- and inter-observer reliability scores were high for all observers. Higher grades were associated with
greater age. Gross changes associated with equine intervertebral disc degeneration (grades 3—5)—that is, yellow discoloration,
cleft formation (tearing), and changes in consistency of the nucleus pulposus—were largely similar to those in humans and dogs
and were most prevalent in the caudal cervical spine. Equine intervertebral disc degeneration was not associated with
osteophyte formation. Changes of the vertebral bone were most common in the thoracolumbar spine but were not correlated
with higher grades of intervertebral disc degeneration. Thus, changes of the vertebral bone should be excluded from grading for
equine intervertebral disc degeneration.
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Neurological conditions originating from the equine neck
are common.’’ Noninfectious, nontraumatic causes have
mostly been attributed to space-occupying changes of the
facet joints, vertebral dorsal laminae, and ligamentum fla-
vum, leading to static compression of the spinal cord and
nerves or to cervical vertebral instability characterized by
dynamic narrowing of the spinal canal during movement of
the neck.'??%3> Although cervical neurological abnormal-
ities in horses have been related to intervertebral discs
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(IVDs) in case reports,* degeneration of the IVD is thought
to be clinically less relevant,”?%33-3%33 and a detailed mor-
phological description is missing. However, numerous stud-
ies in humans and dogs do show a compelling relationship
between IVD degeneration (IVDD) and clinical
signs, 7293146 byt systematic studies of equine IVD disease
seem to be lacking.
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Moreover, there is absence of consensus among authors
about the anatomical characteristics of the equine IVD. Some
publications claim the lack of a nucleus pulposus (NP),”?
while in others, a fibrous®*%°*>* or fibrocartilagenous®®>®
NP is acknowledged. Nonetheless, like humans and dogs,”*® it is
agreed that there is also a peripheral annulus fibrosus (AF) in
horses,' 724443638 which is composed of collagenous bands.>®

To be able to determine the clinical importance of equine
IVDD, a precise definition of the anatomical structures and the
morphological characteristics of degeneration is required.
Therefore, this study had 3 objectives: (1) to describe the gross
and histological appearance of the normal equine IVD, as well
as facilitate the development of a grading scheme for gross
changes of the IVDs and the vertebral bone, including changes
of the subchondral bone (vertebral endplate) and changes of the
ventral part of the vertebral body since these anatomical struc-
tures are also included in grading of human and canine
IVDs;>>! (2) to develop a grading scheme of the gross patho-
logical changes of the equine IVD; and (3) to evaluate the
prevalence of IVDD within different spinal regions.

Materials and Methods

Animals

Vertebral columns were harvested postmortem from 33 warm-
blood horses that either died unexpectedly or were humanly
euthanized for reasons unrelated to the current study and
referred for necropsy to the Department of Pathobiology,
Faculty of Veterinary Medicine, Utrecht University (Suppl.
Table S1). All but 2 of the horses used in this study were
privately owned. One horse was used for police work.
Necropsy was performed with the owner’s informed consent
to investigate the cause of death or the cause for the clinical
signs. One of the horses was owned by the Faculty of Veter-
inary Medicine, Department of Equine Sciences of the Utrecht
University and used for teaching purposes, which included
obtaining surgical skills with subsequent euthanasia with
approval of the local ethics committee (DEC number
2013.111.01.012). Horses were of different ages, varying from
8 months to 21 years (mean age, 8.8 + 6.1 years), different
breeds (28 Royal Dutch Sport horses, 2 Zangersheide horses, 1
Trakehner, 1 Holsteiner, 1 Westphalian horse), and different
sexes (15 mares, 6 stallions, 12 geldings).

Sampling

The vertebral columns were dissected and cut mid-sagittally
using a K430 band saw (Kolbe, Elchingen, Germany; blades
Munkfors, Viarmland, Sweden). The cut surfaces of the IVDs
were photographed with a Nikon D80 digital single-lens reflex
camera (Nikon, Tokyo, Japan), and the analysis was based on
the spinal unit (subchondral bone-IVD-subchondral bone).
Only 1 IVD was visible per photograph to allow unbiased
evaluation. Only pictures of good quality to evaluate subtle
changes were used, resulting in a total of 286 spinal units

(86% of the number photographed) being analyzed. Four dif-
ferent regions were selected for examination, based on com-
mon sites of IVDD and related diseases in humans and in
nonchondrodystrophic dogs, the 2 most commonly studied spe-
cies affected by IVDD.>** The IVDs of the cervical spine (C2—
T1) were selected because in humans, this is the second most
common region showing IVDD after the lumbar region.**** In
addition, in nonchondrodystrophic dogs, the caudal cervical
spine is predisposed to develop IVDD-related diseases.” The
IVDs of the cervical spine were further subdivided into 2
regions—(1) cranial to mid-cervical region (IVDs between
the cervical vertebrae C2 and C5'°) and (2) the caudal cervi-
cal region (IVDs between C5 and the thoracic vertebra
T1'"**)—to identify possible differences in the distribution
of IVDD in the equine cervical spine as seen in the dog.’ In
humans and dogs, severe IVDD can lead to osteophyte for-
mation (spondylosis).3 1 To investigate whether IVDD is also
important in the development of osteophytes (spondylosis) in
the horse, the intervertebral discs between thoracic vertebrae
T11 and T13, the most common region for horses to develop
spondylosis,?>>® were selected. Finally, the lumbosacral
region (IVDs between the lumbar vertebrae L4 and the sacral
vertebrae S1) was chosen, as this is the most common location
for IVDD in humans and for diseases associated with IVDD in
nonchondrodystrophic dogs.?***’ To make sure not to dam-
age the IVD between C7 and T1 during necropsy, the cervical
and thoracic parts of the spine were separated by sawing
through vertebra T2. Consequently, the IVD between T1 and
T2 was readily available and therefore also used to develop
and validate the grading scheme.

Development of a Macroscopic Grading Scheme for
IVDD and the Vertebral Bone

The photographs of the [IVDs were analyzed for morphologic
changes of the NP, AF, and vertebral bone using a human
grading scheme,”’ which is also validated for the dog® and was
subsequently adjusted for the horse as deemed necessary. In
short, for grading of the IVD, the annulus fibrosus and the
nucleus pulposus were evaluated for its texture, color, and the
presence of clefts. IVD considered normal showed a gelati-
nous, semi-translucent nucleus and white shiny lamellae.
Degenerated discs were characterized by a fibrillary nucleus
pulposus, with yellow (-whitish) discoloration of both the
nucleus and the annulus with or without clefts (i.e. tears)
(Table 1, Figs. 1-9). For grading of the vertebral body, both
the subchondral bone and the ventral part of the vertebral body
were evaluated. With increasing grades, the subchondral bone
changed from trabecular to more compact. The ventral part of
the vertebral bone was being reviewed for the loss of rounded
margins and the development of osteophytes (Table 2, Fig. 1
and Figs. 10-14). For human and canine discs, grades 1 and 2
are considered normal and grades 4 and 5 degenerated, with
grade 3 representing a transitional stage.®*° In a preceding pilot
study (results not shown), the grading of morphological
changes of the subchondral bone as well as osteophyte
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Table |. Macroscopic Grading Scheme for Intervertebral Disc Degeneration in Horses.

Grade Nucleus Pulposus

Annulus Fibrosus

Gelatinous, semi-translucent to white, shiny
Partially gelatinous, partly fibrillar

Fibrillar

Fibrillar, slightly yellow, vertical clefts

UM A WN —

corresponding annuli

White shiny lamellae

White shiny lamellae

Slightly yellow lamellae

Slightly yellow, focal disruptions

Yellow discoloration, vertical clefts through nucleus and | or 2 of the Yellow discoloration, clefts through nucleus and | or 2 of the

corresponding annuli

Figure I. Normal intervertebral disc, C7 to T| (intervertebral disc
between cervical vertebra 7 and thoracic vertebra |), mid-sagittal
spinal section, 2-year-old horse. Grade | (normal) for intervertebral
disc degeneration and grade 2 for changes of the vertebral bone. The
gelatinous, semi-translucent, white, and shiny nucleus pulposus (NP) is
visible between the dotted lines. The annulus fibrosus (AF) is white
and contains horizontal lamellae. The dorsal AF shows minimal dorsal
bulging. Cranially, there is a rim of subchondral compact bone (¥),
whereas the caudal subchondral bone is trabecular. The ventral part
of the vertebral body (e) is rounded. D, dorsal; V, ventral; +, growth
plate; *, compact subchondral bone/vertebral endplate; #, subchondral
trabecular bone/vertebral endplate; o, ventral part of the vertebral
body.

formation and spondylosis of the ventral part of the vertebral
body did not correlate with the grades for changes of the AF
and NP, and therefore these morphological aspects were graded
in 2 separate schemes.

Validation of the Macroscopic Grading Schemes

The photographs were assigned a random number using an
online randomization program and graded twice each by 3
independent observers with a time lapse of at least a week

between grading sessions of each observer. Inter- and intraob-
server reliabilities were calculated by using a Cohen’s
weighted K analysis (quadratic weights of 1, 0.9375, 0.75,
0.4375, and 0). A « value of less than 0.00 is considered poor,
a value between 0.00 and 0.20 as slight, between 0.21 and
0.40 as fair, between 0.41 and 0.60 as moderate, between 0.61
and 0.80 as substantial, and a value between 0.81 and 1.00 as
almost perfect.**’

The grades assigned during the second round of grading by
each observer were added and averaged for a total averaged
final grade per spinal unit. If the assigned grade from the sec-
ond grading differed by more than 1 between the observers, the
image was reviewed by the 3 observers and a consensus grade
was allotted.

Statistical Analysis

To evaluate the association of the grade for IVDD and the
grade for changes of the vertebral bone with age and distribu-
tion, the final grades were log-transformed to meet the model
assumptions for normality and constant variance. The out-
comes were analyzed using a linear mixed model with expla-
natory continuous variable age and factor variable region, and
horse was added to the model as random effect to take the
correlated observations within horse into account. The Akaike
information criterion was used to select the best model, and
Bonferroni correction was applied to correct for multiple com-
parisons. Residuals were used to investigate the correctness of
the model assumptions.

A scatterplot showed a linear association between the grades
for IVDD and the grades for the changes of the vertebral bone
within the same spinal unit only up to grade 3 (Fig. 15). There-
fore, correlation was determined with a Spearman’s rank-order
correlation test.

All statistical analyses were performed using SPSS version
22 (SPSS, Inc, an IBM Company, Chicago, IL).

Normal Histology

For analysis of the histological characteristics of the normal
equine IVD, 107 discs assigned grade 1 and grade 2 (37%)
were cut into 0.5-cm-thick slices and fixed in 10% neutral-
buffered formalin and then decalcified in 10% EDTA before
routine processing into 4-pum sections that were stained with
hematoxylin and eosin (HE) and with Alcian blue/picrosir-
ius red (AB/PSR).*'®37 Depending on the size of the IVD,
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Figures 2-9. Grades | to 5 for intervertebral disc degeneration, mid-sagittal sections of the spinal column, horse. Figures 2-3. Grade |, C5 to
Cé6, 8 months old. The nucleus pulposus (NP) is white, gelatinous, and shiny. The dorsal and ventral parts of the annulus fibrosus (AF) are white
and shiny, and horizontal lamellae are easily visible ventrally. The dorsal AF shows minimal dorsal bulging. Figures 4-5. Grade 2, C2 to C3, 6
years old. The NP is partially gelatinous and partially fibrillar and has a more condensed consistency than in grade |. The AFs are white and shiny.
The horizontal lamellae of the ventral AF are visible (Fig. 5).

2 to 5 histological sections were necessary to encompass the Results

entire IVD. Macroscopically, the AF and the NP could be identified using

The data analyzed in this study will be used for further —mid-sagittal sections in all dissected regions of the vertebral
research and are therefore not available as supplemental mate-  column (Figs. 1-9). The IVD was convex on the cranial aspect
rials in the near future. and concave at the caudal aspect, and this shape was most



Veterinary Pathology 55(3)

Figures 6-7. Grade 3, C3 to C4, 12 years old. The NP is completely fibrillar and has a more condensed consistency than grade 2. The dorsal and
ventral parts of the AF are still white with reduced visibility of the lamellae. Figure 8. Grade 4, C6 to C7, 10 years old. The NP is fibrillar. The
ventral AF has a vertical cleft. The dorsal AF shows minimal dorsal bulging. Figure 9. Grade 5, C7 to T1, |5 years old. The NP and the AF are
slightly yellow with clefting through both. The dorsal AF shows minimal dorsal bulging.

Table 2. Macroscopic Grading Scheme for Changes of the Vertebral Bone in Horses.

Grade Subc ral Bone Ventral Part of the Vertebral Body

Only trabecular, not compact Margins rounded

Cranially compact, caudal trabecular Margins rounded

Cranially compact, caudally areas of compact bone Margins pointed

Cranially compact, caudally small line of compact bone (less than half of the thickness cranially) Osteophyte formation
Cranially compact, caudally compact (half or more of cranial thickness) Bony bridging of vertebrae
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Figures 10-14. Grades | to 5 for changes in the vertebral bone, mid-sagittal sections of the spinal column, horse. Figure 10. Grade |, T11 to
T12, | year old. The cranial and caudal subchondral bone are composed of trabecular bone (#). The ventral part of the vertebral body has
rounded margins (o). Figure I1. Grade 2, C2 to C3, 6 years old. Cranially, there is a rim of subchondral compact bone (*). The caudal
subchondral bone is composed of trabecular bone (#). The ventral part of the vertebral body is rounded (o). Figure 12. Grade 3, C3 to C4, 15
years old. Cranially, there is a rim of subchondral compact bone (¥). Caudally, the subchondral trabecular bone is multifocally more compact
(arrow). The ventral part of the vertebral body is rounded (e). Figure 13. Grade 4, C4 to C5, 10 years old. Cranially, there is a rim of
subchondral compact bone (¥). Caudally, there is a smaller rim of compact bone (¥). The ventral part of the vertebral body is rounded (e).
Figure 14. Grade 5, L5 to L6, 10 years old. Both cranially and caudally, there are thick bands of compact bone (¥). The ventral part of the
vertebral body is rounded (e).

prominent in the cervical region. The NP was characterized by  (Fig. 1). The NP of a normal disc was defined as shiny, blue-
a gelatinous, nonlamellar texture compared to the AF and was  white, semi-translucent, and pulpy. A firmer, more solid NP
placed slightly eccentrically toward the dorsal part of the IVD  with a fibrillar texture and often with yellow-white
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Figure 15. Correlation between the total averaged final grade for
intervertebral disc degeneration (IVDD) and for changes of the ver-
tebral bone. Changes in the vertebral bone are linearly associated
with grades | to 3 for IVDD but are not associated with grades 4 to
5 for IVDD.

discoloration was interpreted as mild, early degeneration. Cleft
formation of the NP was interpreted as severe degeneration
occurring in later stages. The normal AF was defined as a
lamellar structure with the ventral AF mildly broader and about
twice the height of the dorsal AF. Cleft formation of the lamel-
lae in a dorsoventral direction, nearly always accompanied by a
yellow discoloration, was interpreted as degeneration. Bulging
of a few millimeters of the dorsal AF into the spinal canal was
seen commonly in all grades (Figs. 1, 2, 8, 9). However, in none
of the IVDs was this deemed extensive enough to have caused
pressure on the spinal cord as visible on mid-sagittal sections of
the vertebral column. Herniation of the nucleus pulposus was
not seen in any of the IVDs examined.

Histologically, the normal IVD was dorsally and ventrally
composed of approximately 10 parallel bands that stained
brightly red with the AB/PSR stain, consistent with an AF that
is rich in collagen type 1. The more centrally located part of the
IVD consisted of a blue intercellular matrix, compatible with a
proteoglycan-rich (mucinous) cartilaginous NP. Between these
2 parts, a rather poorly demarcated transition zone was visible
in which there was a gradual transition of the staining charac-
teristics of the intercellular matrix (Fig. 16). This histological
difference was colocalized with the grossly visible different
morphological characteristics of the peripheral annulus region
and the central nucleus region of the equine IVD. At the cranial
and caudal margins, the NP and AF were bordered by a rim of
hyaline cartilage of approximately 8 chondrocytes thick, com-
patible with a cartilaginous endplate (Figs. 16, 17).

IVDD was significantly more severe in the caudal cervical
region (C5-T1) with a mean + standard deviation (SD) grade
0f2.69 + 1.64 compared with the cranial cervical region (2.00
+ 0.89), thoracic region (2.02 + 0.86), and lumbosacral
region (2.08 + 0.87) (Fig. 18, Table 3; P < .05). The grade
for IVDD increased significantly with age: grade 1, 4.12 +
4.15 years of age (mean + SD); grade 2, 8.10 + 4.91 years;

grade 3, 11.52 + 5.84 years; grade 4, 11.13 + 5.35 years; and
grade 5, 14.20 + 3.31 years (P < .05). The grades for changes
of the vertebral bone also increased significantly with age:
grade 1, 2.05 + 1.99 years of age (mean + SD); grade 2,
8.12 + 5.2 years; grade 3, 11.79 + 6.08 years; and grade 4,
14.5 + 3.8 years (P < .05). The formation of subchondral
compact bone was significantly more extensive in the thoracic
and lumbosacral regions (mean + SD grade of 2.34 + 0.75)
compared to the cervical segments (2.01 + 0.67) (Fig. 19,
Table 4; P < .05). The cartilaginous endplate was not visible
without microscopic magnification in any of the IVDs exam-
ined. There was a significant correlation between the grade for
IVDD and the grade for changes of the vertebral bone (r; =
0.56, P <.01), which was almost exclusively due to the changes
of the subchondral bone. Changes of the ventral part of the
vertebral body were only present at the 2 thoracic IVDs of the
oldest horse and were characterized by a partially bony, par-
tially fibrous bridge with involvement of the outer layers of the
ventral AF between the corresponding vertebrae. These IVDs
were both assigned a grade 3.

The intraobserver reliability was substantial to almost per-
fect, with mean x scores of 0.78, 0.87, and 0.87 for the 3
observers when using the grading scheme for IVDD. The inter-
observer reliability for this grading scheme was also substantial
to almost perfect, with K scores of 0.75 and 0.82.

The intraobserver reliability for the scoring scheme for
changes of the vertebral bone was moderate to substantial, with
mean K scores of 0.50, 0.70, and 0.77. The interobserver relia-
bility for this grading scheme was fair to moderate, with mean
K scores of 0.39 and 0.56.

Discussion

In contrast to previous publications, > this study showed that
the equine IVD does have a grossly and histologically dis-
cernible proteoglycan-rich NP that is distinct from the lamel-
lar collagenous AF. This is similar to the situation in humans
and dogs (Fig. 1).>%%37! Furthermore, cranially and caud-
ally located cartilaginous endplates separated the IVD from
the bony vertebral endplates, and a transition zone was pres-
ent between the AF and the NP, which is also comparable to
the situation in humans and dogs.®?” In literature on the
human and canine intervertebral disc, the bony vertebral end-
plate adjacent to the cartilaginous endplate of the IVD is
commonly referred to as subchondral bone. As shown in this
study and described previously,**® a rim of cartilage
between the IVD and the vertebral bone is also present in the
horse. To be consistent with the vast majority of literature, the
vertebral endplate is called subchondral bone in this study.
The distinction between the AF and the NP was much less
clear, both macroscopically and histologically (in the HE
stain), in horses compared to human and dogs (Figs. 1, 16).
Grossly, in horses of all ages, the NP was never as translucent
as in normal human and canine IVDs, making it more difficult
to distinguish the NP from the AF. Presumably, this is why in
previous publications,”>* the equine IVD was said to lack a
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EP ™ Y NP

Figures 16—17. Normal intervertebral disc, C3 to C4, | |-year-old horse. Grade | for intervertebral disc degeneration and grade 2 for changes
of the vertebral bone. There is no obvious distinction between the annulus fibrosus (AF) and the nucleus pulposus (NP) with the hematoxylin
and eosin stain (Fig. 16a). However, the Alcian blue/picrosirius red stain (Fig. 16b) does show a clear difference between the red collagenous AF
and the blue proteoglycan-rich NP, and these are separated by a transition zone (TZ). On the cranial and caudal margins, the intervertebral disc
is bordered by a cartilaginous endplate (EP) composed of hyaline cartilage, and on the cranial aspect, a rim of subchondral compact bone (CB) is
visible. SB, subchondral bone; SK, skeletal muscle. The rectangle indicates the area of the intervertebral disc enlarged in Figure 7. Figure 17.
The cartilaginous NP is flanked by an EP composed of hyaline cartilage. Hematoxylin and eosin.

NP. Nevertheless, the AB/PSR stain clearly showed a mor-
phological and biochemical difference between the AF and
NP, and this histological difference was colocalized with the
different gross morphological characteristics of the peripheral
annulus region and the central nucleus region of the equine

IVD. Bulging of a few millimeters of the dorsal AF into the
spinal canal was commonly seen in all grades and was con-
sidered too small to have caused pressure on the spinal cord,
suggesting that minimal bulging of the dorsal AF occurs in
normal horses.
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Figure 18. Distribution of grades for intervertebral disc degeneration
(IVDD) within the different spinal regions. IVDD was significantly
more severe in the caudal cervical region (C5-T1) compared to the
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spans the first to the third quartiles (interquartile range). The line
inside the box represents the median. The whiskers show the mini-
mum and maximum. o, outliers.

Table 3. Grades for Intervertebral Disc Degeneration Distributed
Among the Different Spinal Regions.?
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Figure 19. Distribution of grades for changes of the subchondral
bone within the different spinal regions. Increased density of subchon-
dral bone was significantly more extensive in the thoracic and lumbo-
sacral regions compared to the cervical segments. *P < 0.05. The box
spans the first to the third quartiles (interquartile range). The line
inside the box represents the median. The whiskers show the mini-
mum and maximum. o, outliers.

Table 4. Grades for Changes of the Vertebral Bone Distributed
Among the Different Spinal Regions.?

Grade Grade Grade Grade Grade Grade Grade Grade Grade Grade
Region Total | 2 3 4 5 Region Total I 2 3 4 5
Cranio-cervical 81 24 (30) 41 (50) 8 (10) 8(l0) 0(0) Cranio-cervical 81 14 (17) 54(67) 9 (II) 4((5) 0(0)
Caudo-cervical® 80 29(36) 16(20) 6(8) 9(I1) 20(25) Caudo-cervical 80 I5(19) 54(67) 9(I1) 2(3) 0(0)
Thoracic 56 19(34) 18(32) 18(32) 1(2) 0(0)  Thoracic® 56 59 33059 1527) 3(5) 0()
Lumbo-sacral 48 13 (27) 20(42) 14(29) 0(0) I (2) Lumbo-sacral® 48 3(6) 28(58) 13(27) 3(6) 1(2)

*The data show the number (and percentage) of discs with each grade for each
of the anatomic regions.

®Intervertebral disc degeneration was significantly more severe in this region
than in the other regions.

Gross changes that were in accordance with degeneration as
described for human and canine IVDs could be identified in all
parts of the IVD.">%! The presence of yellow discoloration
and cleft formation are the only features previously described
for equine IVDD,”"? whereas the present study identified addi-
tional morphological characteristics like a reduced gelatinous
and an increased fibrillary appearance of the NP. This inter-
pretation is likely to also apply to horses.

Although the correlation between grades for IVDD and
changes of the vertebral bone was statistically significant, this
significance seemed to be present for grades 1 to 3 only (Fig.
15). The more severe grades for IVDD (grades 4 and 5) were
not associated with a substantial increase in changes of the
vertebral bone, suggesting that age is a more dominant factor
for these changes than IVDD. Furthermore, grades for IVDD
were significantly associated with localization in the caudal
cervical spine, whereas grades for changes of the vertebral

*The data show the number (and percentage) of discs with each grade for each
of the anatomic regions.

®The changes of the vertebral bone were significantly more severe in these 2
regions combined, compared to the other 2 regions combined.

bone were significantly associated with the thoracolumbar
spine. Therefore, macroscopic grading of equine IVDD should
only include the morphology of the NP and the AF to prevent
under- or overinterpretation of the severity of IVDD.

It has been suggested that osteophyte formation in the horse
is not secondary to IVDD.” The findings in the present study
support this assumption. Of the 39 IVDs assigned a grade 4 or a
grade 5, none showed changes of the ventral part of the verteb-
ral body. In addition, ventral bridging was seen only between 3
thoracic vertebrae of 1 horse, and in that case, both associated
IVDs were assigned a grade 3 for IVDD.

An age-related increase in the bone density of the equine
cervical subchondral bone, directly adjacent to the cartilagi-
nous endplate, was found in this and a previous s‘rudy.58 The
increased density of the subchondral bone is probably a com-
mon feature of aging in horses, as we have found no correlation
with pronounced IVDD (grades 4 and 5). The density of the
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subchondral trabecular bone was significantly less in the cer-
vical than in the thoracic and lumbosacral segments, perhaps
because the former trabeculae are oriented less horizontally,
possibly leading to less axial compression stress and subse-
quently lower bone density as dictated by Wolff’s law.*

The equine grading scheme presented here was based on a
commonly used human grading scheme that does not include the
parameters’ joint space width (considered indicative of [IVDD on
radiographs in both humans and dogs***®) or dorsal bulging and
herniation of the IVD. These parameters were not included in the
human grading scheme because they are considered consequences
of and not part of the degenerative process,”® and therefore these
parameters were also not incorporated in the equine scheme.

When investigating the pathogenesis and the clinical rele-
vance of equine IVDD, a standardized method for evaluation
and grading is necessary to assess the gross characteristics and
the severity of degeneration. Such a method will allow reliable
comparison of results in future research. A good grading scheme
is reproducible, which is reflected in high k scores for intra- and
interobserver reliability,”" as was the case in the adapted grading
scheme used in the present publication. A good grading scheme
should also be biologically credible.>’ In humans, dogs, and also
horses, IVDD is correlated with age."”*®>* The grades for
IVDD assigned in the present study were also significantly asso-
ciated with age, supporting its biological credibility.

In accordance with the existing literature,”*® IVDD was
significantly more prevalent in the caudal cervical segment
compared to the other segments examined. In addition to the
age-related component, IVDD in humans and dogs is thought
to be influenced by genetic and mechanical factors, as well as
reduced nutrient supply.>'*>'>° In humans, IVDs undergo
microstructural changes to a similar extent in all regions, and
age-related degeneration affects the entire spine."*> A higher
prevalence of degeneration in certain regions in both humans
and dogs can occur due to locally increased mechanical
loading."'?****%° Also in horses, increased mechanical load
has been suggested as a cause for the increased prevalence of
IVDD in the caudal cervical spine.” In addition, dorsoventral
mobility may promote IVDD in the horse.>® According to the
literature, the movements in the caudal cervical spinal joints
are larger than those in the cranial cervical spine,*' which
might explain the observed difference in prevalence of IVDD
between these 2 regions. The lower incidence of IVDD in the
thoracic spine of humans and dogs has been attributed to the
stabilizing effect of the ribcage with resultant reduced mechan-
ical stress on the IVDs.?**” The horse has a comparably rigid
thoracolumbar spine that, as in humans and dogs, might at
least partially explain the low incidence of IVDD in this
region.?®>*3% An increased prevalence of degeneration in the
equine lumbosacral disc has been previously described,*®> but
this was not confirmed by the present study. In these earlier
publications, the breeds of horses, if specified, did not belong to
the group of warmblood horses. This suggests that the breed or
the work the animal is used for might influence which IVD has
the highest mechanical loading and subsequently the highest
risk for development of degeneration. It might be that the

lumbosacral area is more affected in the racing Thoroughbred
than in warmblood horses, as the former breed performs exclu-
sively at the gallop. Ventrodorsal flexion-extension is known to
be largest at canter or gallop, and the lumbosacral junction is
known to show by far the largest range of motion.'*"'*2! Unfor-
tunately, the type of work the horses were used for was not
mentioned in these publications.

In conclusion, the equine IVD had a grossly and histologically
discernible proteoglycan-rich NP and a lamellar collagenous AF,
which is similar to the situation in humans and dogs. The mor-
phological changes associated with equine IVDD are largely
similar to those found in humans and dogs. A grading scheme
for equine IVDD, based on a generally accepted human scheme,
was developed, which proved useful, as reflected in high k values
for intra- and interobserver reliability. [IVDD, as evaluated by the
use of this grading scheme, was associated with increasing age,
confirming the biological credibility of the scheme. IVDD was
most prevalent in the caudal cervical spine (C5-T1). In horses,
subchondral bone changes were not correlated with IVDD and
therefore should be graded separately, in contrast to the case in
humans and dogs. We suggest using this grading scheme in fur-
ther research into the pathogenesis of equine IVDD, possible
breed-related differences, its effect on the vertebral column, and
its relevance for the development of neurological conditions
arising from diseases of the spinal column in horses.
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