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Abstract

Background: In Warmblood horses, degenerative joint disease is involved in cervi-
cal malformation and malarticulation (CVM). The degree of contribution of articular
process joint (APJ) osteochondrosis (OC) is not clear.

Objectives: (a) To explore the presence of predilection sites for APJ OC in cervical
and cranial thoracic vertebral columns of Warmblood foals and (b) to examine the
correlation of such a site with the predilection site of CVM.

Study design: Case series.

Methods: Seven hundred APJ facets of C2 to T2 of 29 foals (11 months gestation
to 12 months [median age 7 days; range 365 days; 95% confidence interval [95% Cl]
2-47 days]) were examined for OC and prevalence between joints, and the predilec-
tion site for CVM and the cranial cervical vertebral column were evaluated.

Results: About 20.6% of facets revealed OC. There was no predilection site.
Prevalence decreased with age up to 1 year (odds ratio [OR] 0.997; (95% CI 0.975-
0.998)) but not up to 5 months. Severity increased with age in all age ranges (up to
1 year OR 1.023; 95% Cl 1.005-1.049; >1-5 months, OR 1.203; 95% Cl 1.014e+00-
1.921; up to 1 month, OR 1.114; 95% Cl 1.041-1.228). Highest prevalence was in
cranial facets of the cervical and cervical-thoracic joints and in caudal facets of the
thoracic joint up to 1 year and up to 1 month (OR 0.364; 95% CI 0.170-0.745, OR
0.434; 95% Cl: 0.235-0.782, OR 7.665; 95% Cl: 1.615-66.553 and OR 0.400; 95%
Cl 0.170-0.880, OR 0.351; 95% Cl 0.172-0.700, OR 5.317; 95% CI 1.098-44.344
respectively).

Main limitations: Two-thirds of the foals were less than 1 month of age.
Conclusions: Articular process joint OC in Warmblood foals is common and is not
more prevalent at CVM predilection sites, suggesting that abnormalities of enchon-

dral ossification may not be major contributors to CVM.
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1 | INTRODUCTION

Cervical malformation and malarticulation (CVM) is a common cause
for neck pain, pelvic and/or thoracic limb paresis and ataxia and is
caused by compression of the spinal cord and/or nerve roots.x” The
pathogenesis for this condition is presumed to be multifactorial.>®’
Compression of the spinal cord or nerves may be present in a static
or dynamic form although there is overlap. The caudal part of the
cervical vertebral column from cervical vertebra (C)5 to thoracic
vertebra (T)1 is most frequently involved in the static form of spi-
nal cord compression and is most commonly seen in older horses,
especially Warmblood horses of 4 years and older.>*~® This form is
most often caused by osteoarthritic change in the articular process
joints (APJs), with resulting enlargement of the joints, hypertrophy
of the ligamentum flavum and the joint capsule and formation of
synovial cysts.>>’ The presence of APJ osteochondrosis (OC) has
been described in cases of CVM?*8 and it has been suggested that
degenerative changes of the APJs in horses with CVM are secondary
to primary OC.*8

This study has two aims. First to investigate whether the differ-
ent cervical and cranial thoracic vertebral APJs or certain regions
within this part of the vertebral column of Warmblood foals have
predilection sites for OC. Second, to determine the extent of agree-
ment between predilection sites of OC and the predilection site for
CVM as seen in adult Warmblood horses. It is hypothesised that APJ
OC is more common with more severe lesions in the caudal cervical

region, the predilection site for CVM in Warmblood horses.

2 | MATERIALS AND METHODS
2.1 | Horses

A total of 31 Warmblood foals that were privately owned by 25 dif-
ferent owners were examined. The foals either died unexpectedly or
were humanly subjected to euthanasia for reasons unrelated to the
current study between July 2012 to August 2013 and April 2017 to
July 2018 and subsequently referred for necropsy to the Division of
Pathology of Utrecht University (Table S1). One of the foals (at term,
foal 1; Table S1) was removed from the uterus of its dam during the
necropsy of this mare. Foals were excluded from this study if disor-
ders were present that could affect the morphology of the APJs (eg
fractures, osteomyelitis and arthritis).

Two foals (foal 7 and foal 10; Table S1) had a septicaemia with
resultant microscopically visible vascular changes in the facet carti-
lage. As these changes can lead to OC-like lesions, these foals were
removed from further investigation.” The remaining 29 foals were
of different ages, varying from 11 months gestation to 12 months
post-partum (median age 7 days; range 365 days; 95% confidence
interval [95% CI] 2-47 days), breed (28 Royal Dutch Sport horses,
one Zangersheide horse) and sex (11 females, 18 males; Table S1).
For the flowchart concerning the eligibility of the available foals see

Figure S1.

2.2 | Data collection

Necropsy was performed on all foals with the owner's informed con-
sent to investigate the cause of death or the cause for the clinical
signs (Table S1).

After necropsy, the cervical and cranial parts of the thoracic
vertebral column were removed and the neck was dissected with
subsequent gross evaluation of the APJs. For histological evaluation,
slices of approximately 3 mm thickness were cut perpendicular to
the facet. The area was selected based on possible OC-related gross
changes. A slice was taken from the middle of the facet when no
gross changes were visible. In 17 foals (foals 1, 2, 5, 13, 14, 15,17, 18,
19, 20, 21, 22, 23, 27, 29, 30 and 31), the facets of the cervical verte-
brae C3, C5, C6, C7, the thoracic vertebra T1 and the cranial facet of
T2 were examined (22 facets each). In 11 foals (foals 3, 4, 6, 8,9, 12,
16, 24, 25, 26 and 28), the caudal facets of C2 and the facets of C4
were additionally assessed (28 facets each). In foal 11, the facets of
C2, C3 and C4 were not collected, whereas those of C5, C6, C7, T1
and the cranial facets of T2 were collected (a total of 18 facets). The
bone slices were fixed in 4% buffered formaldehyde and decalcified
in 10% ethylenediaminetetraacetic acid (EDTA) before routine pro-
cessing and staining with haematoxylin and eosin and subsequent
light microscopic evaluation for osteochondral lesions. Although le-
sions suggestive for OC (focal thickening of cartilage, soft and red

)10

cartilage)™ can be identified during gross evaluation, histology was

considered the ‘gold standard’ for confirmation and for diagnosing
initial lesions (OC latens), which cannot be diagnosed grossly.w'11

Each affected facet was designated to one of the subtypes of
OC (latens, manifesta or dissecans) to classify the severity of the le-
sions. OC latens is characterised by focal epiphyseal cartilage necro-
sis, OC manifesta is accompanied by the involvement of enchondral
ossification and OC dissecans is accompanied by fissure formation
through articular cartilage.® The presence of only OC latens was
classified as mild, presence of at least one area with OC manifesta
was classified as being moderate and presence of at least one area
with OC dissecans was classified as severe OC. Other joints were
not evaluated for the presence of OC.

2.3 | Sites of interest

The focus of this study was on the APJs of the caudal cervical ver-
tebral columns from the caudal APJs of cervical vertebra 5 up to the
cranial APJs on the first thoracic vertebra (region C5CA-T1CR) with
a total of 236 facets. The facets of caudal APJs on the second cervi-
cal vertebra up to the facets of the cranial APJs on the fifth cervical
vertebra (region C2CA-C5CR) with a total of 348 facets were added
as control (Figure 1). Furthermore, a possible predilection site was
investigated for the different individual joints C2C3, C3C4, C4C5,
C5Cé6, C6C7, C7T1 and T1T2. In total, 700 facets were assessed.
Facet locations are abbreviated by vertebra (C2, C3, C4, C5, C6, C7,
T1, T2), left or right side (L or R) and cranial or caudal position on the
vertebra (CR or CA).
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FIGURE 1 Overview of the facets examined. C, cervical
vertebra; T, thoracic vertebra; CR, cranial; CA, caudal; CVM,
cervical malformation and malarticulation

2.4 | Data analysis

Facets without histological signs of OC were given a score 0, while
facets with lesions consistent with OC were given a 1, thus produc-
ing binary data. The outcomes were analysed using a logistic regres-
sion model with foal as a random effect and the fixed effects of age,
sex, joint, region of the vertebral column, position (cranial/caudal)
of the facet on the vertebra and site (left/right) of the facet on the
vertebra (Figure 1). Model selection was done by stepwise backward
elimination and the Akaike information criterion (AIC) was used to
select the best model. Furthermore, 95% log profile likelihood con-
fidence intervals were used as effect size estimates.’? To see if the
likelihood of the occurrence of OC increased if a neighbouring joint
had OC could not be determined by this model due to identifiability
problems that were likely due to intertwinement of the fixed effects.
Instead, the proportions of OC per joint were determined and sub-
sequently the Pearson's correlation coefficient between the propor-
tion of OC in a joint with the one before or after was determined.

The same logistic regression model was also used for the out-
come severity of OC, with OC latens given a score 0, and OC man-
ifesta a score 1. For this model, the 144 OC-positive facets were
used. No OC dissecans was encountered and therefore not scored.
All calculations were performed with R (R Development Core Team,
version 3.4.3, package Ime4, R: A language and environment for
statistical computing. R Foundation for Statistical Computing.
https://www.R-project.org) and analysed using R studio (RStudio
Team [2015], version 1.2.1335, RStudio: Integrated Development
for R. RStudio, Inc., http://www.rstudio.com/).

Age turned out to have an effect on the likelihood to develop OC
and therefore these calculations were repeated with one subset of
foals within the age range of >1 month up to 5 months of age (n = 7)
and one subset of foals within the age range of O days up to 1 month
of age (n = 20). Hereby, the fixed effect age was kept as a continuous
variable. In the subset of foals within the age range of >1 month up

to 5 months of age, only one female foal was present, and therefore

the independent variable sex for this subset of foals was not taken
into account. For the outcome severity of OC 25 respectively 114

OC-positive facets were used for these subsets of foals.

3 | RESULTS

Both foal 7 and foal 10 (Table S1) showed OC-like changes in many
of the APJs due to a severe bacterial osteomyelitis affecting the os-
teochondral junction, and a vasculitis of bacterial origin respectively.
Therefore, these two foals were omitted from further investigation.9

Osteochondrosis latens was characterised by necrotic epiphy-
seal cartilage. This cartilage contained hypereosinophilic, shrunken
chondrocytes with pyknotic nuclei and was occasionally also hypo-
cellular. The matrix showed loss of differential staining. Often nod-
ular clusters of chondrocytes (chondrones) were visible surrounding
areas of necrotic cartilage. Cartilage canal blood vessels in affected
areas had lost their endothelium and very rarely swollen endo-
thelial cells or endothelial cells with pyknotic nuclei were present.
Occasionally, the vessel lumen was filled with hypereosinophilic,
fibrillar material, interpreted as fibrin (Figure S2).

In OC manifesta, the ossification front was (also) affected and
persistent necrotic cartilage could be seen (Figure S3). Occasionally,
fissure formation was present in the necrotic cartilage, which often
extended into the subchondral bone where bone lysis and fibrosis
could be appreciated.

Commonly, multiple, up to 4, separate affected areas were visible
and both OC latens and manifesta could be seen within the same
facet. All foals but one had OC lesions in one to 24 facets exam-
ined (mean number of lesions per foal 4.24 + 4.50 lesions). The foal
removed from the uterus (foal 1; Table S1) during the necropsy of
its dam had two facets with OC lesions (one latens, one manifesta).

Osteochondrosis was identified in 144/700 facets (20.6%), of
which 66 (45.8%) had OC latens and 78 (54.2%) OC manifesta. OC
dissecans was not encountered (Table S1, Figure 2). Only five of
the 144 facets with histologically confirmed OC lesions (3.5% of all
facets with OC) had gross changes visible on the facet's surfaces,
characterised by round to longitudinal indentation of the cartilage.
All grossly visible affected facets had OC manifesta. There was no
association between the frequency of OC lesions and sex, the dif-
ferent joints, regions within the vertebral column, nor the site (right/
left) of the affected facet.

Taking all foals into account (age range of O up to 1 year), the
likelihood of having OC decreased with age (Table 1).

The odds of having OC lesions within the cranial facets of
the cranial cervical region (C2CA-C5CR) and the CVM predi-
lection site (C5CA-T1CR) were higher than odds of the caudal
facets being affected (Figure 3, Table 1). Odds of finding OC
lesions within the caudal facets of the first thoracic APJ (T1T2)
were higher than in the cranial facets (Figure 3, Table 1). There
was no correlation between the proportion of OC in a joint and
the proportion of OC in the joints cranial or caudal (lag-1 correla-
tion -0.425; 95% Cl -0.791 to 0.165) to it. The likelihood of either
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FIGURE 2 Percentage of OC lesions found in each examined
region in a group of Warmblood foals. OC, osteochondrosis; C2CA-
C5CR, region from the caudal articular process joints of the second
cervical vertebra up to the cranial articular process joints of the
fifth cervical vertebra; C5CA-T1CR, region from the caudal articular
process joints of the fifth cervical vertebra up to the cranial
articular process joint of the first thoracic vertebra; T1T2, articular
process joints between the first and second thoracic joints

TABLE 1 Effective independent variables on the occurrence of
osteochondrosis lesions in a group of Warmbloods aged 0dto 1y

95% profile

likelihood
Independent Odds confidence
Age range variable ratio interval
Oduptolyof Age 0.997 0.975-0.998
age (N =29) Position (cranial vs. caudal)
Craniocervical 0.364 0.170-0.745
(C2CA-C5CR)
Caudocervical 0.434 0.235-0.782
(C5CA-T1CR)
First thoracic 7.665 1.615-66.553
joint (T1T2)
Odupto1mo Position (cranial vs. caudal)
ofage(N=20)  craniocervical 0400  0.170-0.880
(C2CA-C5CR)
Caudocervical 0.351 0.172-0.700
(C5CA-TICR)
First thoracic 5.317 1.098-44.344
joint (T1T2)

Abbreviations: C2CA-C5CR, region from the caudal articular process joints
of the second cervical vertebra up to the cranial articular process joints of
the fifth cervical vertebra; C5CA-T1CR, region from the caudal articular
process joints of the fifth cervical vertebra up to the cranial articular
process joint of the first thoracic vertebra; T1T2, articular process joints
between the first and second thoracic joints; N, amount of foals examined.

mild or moderate OC did not differ between sex, different joints,
region, site (left/right) or position (cranial/caudal). However, the
likelihood of moderate OC did increase with age (Table 2).

In the subset of foals aged >1-5 months none of the indepen-

dent variables, including age, had an effect on the likelihood of OC

Percentage of OC lesions

C2CA-C5CR

C5CA-T1CR TiT2

FIGURE 3 Distribution of OC lesions along the cranial and
caudal position of the facets in each region examined in a group

of Warmblood foals aged O d to 1 y. C2CA-C5CR, from the caudal
articular process joints of the second cervical vertebra to the
cranial articular process joints of the fifth cervical vertebra; C5CA-
T1CR, from the caudal articular process joints of the fifth cervical
vertebra to the cranial articular process joint of the first thoracic
vertebra; T1T2, articular process joints between the first and
second thoracic joints

TABLE 2 Effective independent variables on the severity of
osteochondrosis lesions in a group of Warmblood foals aged 0 d to
ly

95% profile

Independent  Odds likelihood

Age range variable ratio confidence interval
Oduptolyof Age 1.023 1.005-1.049

age (N = 29)

>Imoupto5mo  Age 1.203 1.014e+00-1.921
of age (N =7)

O dupto1moof Age 1.114 1.041-1.228

age (N = 20)

Abbreviation: N, amount of foals examined.

lesions. Similar to the entire population of foals aged O days up to
1 year, in the subset of foals aged O days to 1 month, the likeli-
hood of OC lesions was higher for the cranial facets than the caudal
facets in the cranial cervical region and the predilection site for
CVM (Table 1). Also, the likelihood to develop OC was higher in the
caudal facets than in the cranial facets of the first thoracic APJ in
this age range (Table 1). As seen across the entire population, the
likelihood of developing moderate OC increased with age in the
subsets of foals with the younger age ranges (Table 2). The other
independent variables had no effect on the likelihood to develop
moderate OC.

4 | DISCUSSION

In this case series, predilection for OC was not identified in either

the predilection site of CVM in Warmblood horses or within the
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different examined joints and the cranial cervical region. This sug-
gests that OC may not be a major contributor to CVM.

This finding is supported by previous studies in which not only
OC but also synovial cysts, degenerate joint disease and osteo-
myelitis have been described as a cause for spinal cord compres-
sion in horses with CVM,>® with the severity of both OC lesions
and non-OC lesions being greater at sites of compression than at
sites without compression.® Compression has also been seen at
sites with no lesions of the APJs.® Furthermore, no difference in
frequency of OC lesions has been found between horses with and
without CVM.®

However, the significant increase in frequency and severity of
lesions of the APJs at both compression and noncompression sites
and the increase in severity of OC lesions in horses with CVM com-
pared to control horses suggest a common developmental patho-
genesis of OC and CVM.%1 The more frequent progression of OC
lesions in horses with CVM may be the result of secondary biome-
chanical influences. In pigs, the progression of the severity of OC
has been suggested to be a consequence of local mechanical over-
load due to differences in joint and leg shape.}**® Also, in humans,
increased biochemical stress seems to increase the prevalence and
severity of gross OC lesions.'® Therefore, it is likely that minimal
trauma, caused by normal movements, can lead to the progression
of subclinical OC to clinical OC dissecans in horses with malfor-
mations of the vertebral column while these forces would have no
effect in horses without CVM.

Osteochondrosis is a dynamic condition in which the time course
of lesion development varies between joints.*”*® Depending on the
joint, there is a time window in which OC can develop and regress
again.”'18 Regression is common and just a few lesions will develop
into clinical OC.}”*8 Although no susceptible period in particular has
been described for APJ OC, it has been suggested that the major-
ity of OC lesions will develop before the age of 5 months and that
regression after the age of 11 months is no longer likely.*® The vast
majority of foals examined here were less than 1 month of age and
this age range showed the bulk of OC lesions. Only two foals were
5 months and older. Therefore, this case series consists of predom-
inantly early onset OC. A relatively high prevalence of OC lesions in
the cervical APJs of Warmblood foals reported earlier was consid-
ered to be due to the fact that these foals were specifically selected
for being offspring of a sire affected by OC, and as such genetically
predisposed to OC.*® On the other hand, the foals used in the cur-
rent study were assumed to be a representative sample of the gen-
eral Dutch Warmblood population and especially of the Royal Dutch
Sport horse population, as almost all foals belonged to this breed.
However, we used a convenience sample and therefore bias cannot
be excluded and no details about the sire or dam were available to
confirm this. Of the joints examined, 20.6% showed OC making APJ
OC common in the general population of Warmblood foals. This is in
line with OC development in other joints in which the prevalence of
OC in domesticated horse breeds is much higher than those of feral
horses, suggesting that OC could have unintentionally been intro-

duced by selective breeding.t” %!

It is also possible that had these foals lived longer, more
lesions on other facets could have developed while others
could have regressed. A larger group of foals between 5 and
12 months of age needs to be studied to determine whether cer-
tain joints or regions might be a predilection site for lesions in
this age range.

Within the foals we examined, the presence of OC manifesta
increased with age; however, OC dissecans was not encountered.
Biomechanical stress and trauma play a role in the progression of
severity of OC.1° The level of biomechanical stress most of these
foals had experienced is likely to be low as many were very young
and this is a possible explanation for the lack of OC dissecans in the
facets studied.

The odds of having OC lesions in the cranial facets of the cer-
vical APJs and the cervical-thoracic APJs (C7T1) and the caudal
facets of the first thoracic APJs (T1T2) were higher than having
OC lesions in their opposite facets in the population of foals
aged O days up to 1 year and the subset of foals aged O days up
to 1 month of age. This difference between the cervical facets
has been described before in foals of 5 and 11 months of age.*®
Although in the subset of foals aged >1 month up to 5 months,
15 OC-positive cranial facets were present in the cervical spinal
column in contrast to only seven OC-positive caudal facets, posi-
tion was not a effective independent variable for the occurrence
of OC in this age range. Possibly this was due to the small number
of foals and of OC-positive facets in this subset of foals with sub-
sequent limited statistical power. Microtrauma is thought to be
the initiating event for the development of OC® and site-specific
traits, as a cause for microtrauma, are likely due to the focal na-
ture of OC.1° This suggests a different biomechanical environment
between these two positions and these regions. In humans, APJ
orientation is correlated with the development of APJ arthrosis
due to changes in biomechanical forces.?? This difference in bio-
mechanics could also be an explanation for the difference of the
most likely affected facets between these regions in the horse as
in the horse the orientation of the cervical and cervical/thoracic
APJs is different than that of the first thoracic APJ with subse-
qguent different biomechanics.

Less than one-fifth of the affected joint pairs examined here
were affected bilaterally confirming that OC of the APJs is not a bi-

lateral symmetrical process®!® 1018

in contrast to most other joints.

In conclusion, early onset OC is common in the cervical and
cranial thoracic vertebral column of Warmblood foals, without the
presence of a predilection site, suggesting that OC is not the only

contributor to CVM.
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