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CASE I:

Signalment:
1.5 year-old neutered male domestic shorthair
cat (Felis catus).

History:

The cat presented for signs of pain evolving
over the last month. Palpation during the clin-
ical examination localized the pain to the cer-
vical vertebral spine. Cervical radiographs re-
vealed a moth-eaten lesion involving the left
part of C3. A CT scan identified a monostotic
osteoproliferative lesion centered on the left
pedicle of C3 and causing stenosis of the spi-
nal canal. A benign primitive bone neoplasia
was suspected. Decompressive hemilaminec-
tomy was performed one month later. Post-op-
erative CT scan showed residual compressive
bone material at the surgical site. The animal’s
condition rapidly declined after surgery (stage
IV cranial cervical myelopathy). Unfortu-
nately, the cat became comatose and was
maintained under artificial ventilation for a
few hours before owners elected euthanasia.

Gross Pathology:

The left lamina of C3 was fractured and an en-
tire fragment of bone was missing due to the
hemilaminectomy procedure. The left pedicle
of C3 showed a focal and poorly demarcated
1-1.5 cm osteoproliferative lesion with irregu-
larly branching bone trabeculae giving a

Figure 1-1. Vertebra, cat. Cervical radiographs
revealed a moth-eaten lesion involving the
left part of C3. (Photo courtesy of: Unité
d’Histologie et d’Anatomie pathologique, Bio-
Pole Alfort, Département des Sciences Biolo-
giques et Pharmaceutiques, Ecole Nationale
vétérinaire d’Alfort (EnvA). https://www.vet-al-
fort.fr/).

spongy appearance. The spinal cord was dor-
sally displaced in the vertebral canal and a
central focus of hemorrhagic myelomalacia
was identified. The other organs were grossly
unremarkable.

Microscopic Description:

Arising from the left pedicle of the C3 verte-
bra and protruding into the spinal canal and re-
placing the bone marrow is proliferative fibro-
vascular tissue that is poorly demarcated,
moderately cellular and infiltrative. The tissue
i1s composed of capillary and arteriole-type



Figure 1-2. Vertebra, cat. CT scan identified a
monostotic osteo-proliferative lesion cen-
tered on the left pedicle of C3 and causing a
stenosis of the spinal canal.

vessels, and less often venule-like vessels, that
irregular branch and grow within a loose,
edematous and myxoid stroma. These vessels
are lined by squamous and bland endothelial
cells surrounded by pericytes (capillary-like
vessels) or by a layer of smooth muscle cells
(arteriole-like vessels). Atypias are minimal
and no mitoses are observed. Some vessels are
associated with small acute hemorrhages, fi-
brin exudation, or microthrombi. The sur-
rounding trabecular bone shows bone remod-
eling characterized by irregular and scalloped
outlines lined by plump osteoblasts and osteo-
clastic activity within Howship’s lacunae.

The cervical spinal cord shows a dorso-lateral
rotation around its longitudinal axis. Multiple
foci of acute hemorrhagic necrosis/myeloma-
lacia are seen within the grey and white mat-
ter, most likely secondary to the surgery.
Some perivascular cuffs of neutrophils, mac-
rophages and lymphocytes are identified
nearby. Multifocally in the white matter, my-
elin sheaths are irregularly dilated and some-
times contain vacuolated macrophages indica-
tive of Wallerian-like degeneration. Some ax-

ons are also severely dilated and form sphe-
roids. These changes are most likely second-
ary to the spinal cord compression.

Contributor’s Morphologic Diagnoses:

1. Cervical vertebra C3 (left pedicle): Verte-
bral angiomatosis (vascular vertebral mal-
formation/hamartoma)

2. Cervical spinal cord: Myelomalacia, mul-
tifocal, acute, marked, with hemorrhages,
axonal degeneration and spheroids.

Contributor’s Comment:

Feline vertebral angiomatosis was first de-
scribed in 1987 by Wells and Weisbrode in a
case series of three cats. In this paper, the le-
sions were restricted to the thoracic vertebrae
and diagnosed as an intraosseous vascular
malformation.'6

This entity is characterized by a focal prolifer-
ation of non-neoplastic blood vessels, hence
the more recent denomination of vertebral an-
giomatosis.*>7101L13-16 - Qimilar histological
lesions are recognized in human medicine
with other names including skeletal angioma-
tosis, vertebral hemangioma, lymphangioma-
tosis, and hamartoma.”'® This condition is not
recognized as a true neoplasm because the

Figure 1-3. Vertebra, cat. The left lamina of C3
was fractured and an entire fragment of bone
was missing (consequence of the hemilami-
nectomy). The left pedicle of C3 showed a fo-
cal and poorly demarcated osteoproliferative
lesion.



Figure 1-4. Vertebra, cat. One section of verte-
bra and spinal cord are submitted for exami-
nation. Part of the vertebral arch is missing as
a result of hemilaminectory. There is loss of
marrow within the remaining vertebral arch.
(HE, 3X)

vascular walls are well differentiated and are
composed of multiple cell types, including
pericytes, smooth muscle cells, and fibro-
blasts.”1°

This condition is rare but is well described in
the literature with 12 documented
cases.¥>OILI-16 A ffected cats are typically
young and less than 2 years old except for a
3.5 years old cat.*>710.1L13-16 N sex or breed
predisposition have been reported. Animals
present with a history, usually over 1 month,
of chronic pain, lethargy, reluctance to walk,
or progressive paraparesis.®>"101L13-16 Mgt
lesions are localized to the thoracic vertebrae
but lumbar lesions have been de-
scribed. > 710111416 They tend to originate
from the vertebral arch, pedicle, or body and
seem to spare the spinous process.’ Occasion-
ally, they can involve multiple vertebrae, but
no associated systemic vascular lesion has
been observed.>! It is considered benign but
can be locally aggressive.*”!%!5 Our case is

original because it is the first report to our
knowledge of cervical involvement. The clin-
ical signs are likely caused by the spinal cord
compression resulting from the expansion of
angiomatosis into the spinal canal.

The diagnosis is first approached by imaging,
mostly post-myelographic CT scan or MRI, in
order to localize the lesion and evaluate the as-
sociated spinal cord compression, +>7:10-11.13-16
The differential diagnoses include vertebral
new bone formation due to an old trauma, disc
extrusion, bone abscess, granuloma, ancient
hematoma or migrating foreign body.!> Neo-
plasia is less likely considering the young age
of the affected animals, but lymphoma (espe-
cially in FeL'V positive cats) or osteosarcoma
should be considered.”!>

The therapeutic approach is always surgical
with a dual goal: 1) removing the spinal cord
compression and 2) making biopsies for histo-
pathological diagnosis.*>"1011.13-16. Cytologic
imprints can be done during the surgery but
are of poor diagnostical value.'*»!> Adjuvant
radiotherapy can be considered because of the
potentially locally aggressive nature of the le-
sion and also because of the difficulty of com-
plete resection in this area.””!' Outcomes are
variable. Some animals receiving surgery with
or without radiotherapy are reported as free of
disease over the following months or
years.>”!1? However, the surgery is not without
risk, and relapse is also reported.*!?

The pathogenesis of feline vertebral angioma-
tosis is still unclear. Because of the occurrence
in young cats and the absence of an associated
inflammatory or infectious process, develop-
mental anomaly is currently considered most
likely.7’10’“’16

Histopathological features are consistent
among all cases and are characterized by a
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Figure 1-5. Vertebra, cat. Marrow speces are devoid of marrow and contain plexiform proliferations

of tortuous capillaries. (HE, 90X)

proliferation of rather well-differentiated ca-
pillaries, arterioles, and occasionally venules,
into a loose and myxoid connective tissue with
invasion of the spinal canal and the bone mar-
row, as well as bone remodeling and new bone
formation 45-710:11,13-16

Other type of angiomatosis have been reported
in the cat, affecting the skin,cerebrum, menin-
ges, and lungs. !4

Contributing Institution:

Unité d’Histologie et d’ Anatomie patholo-
gique

BioPoéle Alfort, Département des Sciences
Biologiques et Pharmaceutiques

Ecole Nationale vétérinaire d’ Alfort (EnvA)
https://www.vet-alfort.fr/

JPC Diagnoses:

1. Vertebra, pedicle and body, hemi-lami-
nectomy site: Angiomatosis, focally ex-
tensive, marked, with reactive osteolysis
and osteoproliferation (bone modeling).

2. Cervical spinal cord, gray and white mat-
ter: Myelomalacia, diffuse, severe, with
hemorrhage and axonal degeneration.

JPC Comment:

The contributor provides an excellent over-
view of this enigmatic condition that, until re-
cently, had only been reported in young cats.
Earlier this year, however, vertebral angioma-
tosis was reported in a three year old female
intact Cavalier King Charles Spaniel who pre-
sented for ataxia and paraparesis.® CT re-
vealed osteolysis of the vertebral body and
pedicles of TS with compressive extradural
material within the spinal canal.The dog was
treated surgically with a dorsal hemilaminec-
tomy and histopathologic samples collected
intraoperatively were consistent with vertebral
angiomatosis.’



Vertebral angiomatosis is one member of a co-
hort of non-neoplastic vascular malformations
beset by confusing terminology, overlapping
histologic features, and uncertain pathogene-
ses. Angiomatosis (also known as hemangi-
omatosis) has two microscopic patterns: either
a mixture of blood vessel types, some of which
can be cavernous, or a predominance of capil-
laries. Lobules of mature adipose tissue char-
acteristically accompany the vascular ele-
ments, 2

In addition to the vertebral angiomatosis so
nicely discussed by the contributor, angioma-
tosis has been identified within the skin and
subcutis of cats and dogs and in the skin of
cattle. Calves have a reported generalized pat-
tern of angiomatosis in which the heart, lungs,
kidneys, and an assortment of other organs are
involved.!? There is a single case report of cer-
ebral angiomatosis in a young cat presenting
with generalized seizures, the clinical mani-
festation of bilateral nests of differentiated ca-
pillaries within the cerebral gray matter.'?

Human and veterinary medicine is rich with
various other hamartomatous vascular condi-
tions, including meningoangiomatosis, angi-
oma, and arteriovenous malformations, the
parsing of which requires equal measures of
stamina and will. An excellent 2021 compara-
tive review of proliferative vascular disorders
in the central nervous system is a helpful ref-
erence for those attempting to understand the
nuances of these difficult diagnoses.'?

Our moderator this week was Dr. Julie
Engiles, Professor of Pathology at the Univer-
sity of Pennsylvania School of Veterinary
Medicine. Dr. Engiles began discussion of this
case with a review of vertebral anatomy and
by noting the important structures, such as the
vertebral artery, that can be used as orientation

Figure 1-6. Vertebra, cat. Arterioles (left)
within areas of vascular proliferation have
asymmetric fibrosis of the smooth muscle wall
and adventitia. (HE, 90x)
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landmarks on this challenging slide. Dr.
Engiles also stressed the importance of a col-
laborative approach among pathologists, radi-
ologists, and clinicians in cases like this,
where locating and appropriately sampling the
lesion would be difficult without the insight
provided by other members of the medical
team. In this case, the lesions presented radio-
graphically with an aggressive, moth-eaten
appearance which provides helpful context for
the relatively bland histologic appearance of
the proliferative cells.

Immunohistochemically, the vascular markers
Factor VIII and ERG helped to visualize the
disorganized proliferation of vascular ele-
ments, while smooth muscle actin highlighted
the smooth muscle in the proliferating vessel
walls. Dr. Engiles noted that the proliferation
of multiple cell types, including endothelial
smooth muscle myocytes, and pericytes, sup-
ports the nonneoplastic classification of this
entity, as neoplasia is typically characterized
by the aberrant proliferation of a single cell
type. The moderator noted that this lesion is
sometimes called a hamartoma, which seems
to connote an indolent, static process at odds
with the typically proliferative and infiltrative
behavior of these lesions. For this reason, the
moderator prefers the more dynamic term an-
giomatosis.



Figure 1-7. Spinal cord, cat. There is marked
congestion and hemorrhage of vessels within
the spinal cord. There is diffuse malacia of the
gray and white matter with numerous sphe-
roids. (HE, 169X)

Conference participants discussed the abun-
dant ancillary changes in section, such as the
polyphasic atrophy, degeneration, and regen-
eration present in the surrounding skeletal
muscle. The history of hemilaminectomy at
the site complicated analysis of these changes,
making it difficult to determine which changes
were due to surgical manipulation and which
were caused by the pressure of the expansile
vertebral angiomatosis.

Participants felt that the bone changes caused
by the vertebral angiomatosis were significant
and should be mentioned in the morphologic
diagnosis. Participants also felt the morpho-
logic diagnosis should acknowledge the
hemilaminectomy that is an obvious feature of
the section. Both were ultimately included in
the morphologic diagnosis for this fascinating
entity.
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CASE II:

Signalment:
Juvenile female sandhill crane (Antigone
canadensis).

History:

The animal was presented to a local wildlife
center with a cup attached to its beak. On ini-
tial exam, the submitting veterinarian noted
emaciation, dehydration, and indentation on
the beak as well as swelling of the right hock
and left tibiotarsus, with no obvious abnormal-
ities on radiographs. The bird was moved to an
outside rehabilitation space 1 day after presen-
tation and was eating and gaining weight reli-
ably. The animal was found deceased a few
weeks later.

Gross Pathology:

The animal weighs 2.2 kg and is in thin phys-
ical condition as evidenced by atrophied pec-
toral musculature and adipose tissue. There is
a concentric deep indentation midway along
the length of the beak. Overlying the right an-
kle are multiple firm, occasionally ulcerated
nodules that are 2 to 5 mm in diameter. When
sectioned the nodules are pale blue or tan,
firm, and translucent with a botryoid appear-
ance. Dissection of the joint shows many sim-
ilar nodules firmly attached to the dermis, soft
tissues, ligaments, and tendons. The condyle
of the tibiotarsus has a fracture with pitting
and marked proliferation of white firm nod-
ules in the defect and epicondyle.

There is a focal, firm, nodular swelling over-
lying the distal left tibiotarsus that measures
1.8 cm x 0.8 cm. When sectioned, the nodule
is tan and translucent. Relative to the right
pectoral muscle, there is moderate wasting of
the left pectoral musculature.
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Figure 2-1. Tibiotarsal joint, sandhill crane.
The joint is dissected. At lower left is the tibi-
otarsal joint, at top is the gastrocnemius ten-
don and sheath, and at right is the overlying
skin. At subgross magnification, there are nod-
ules of proliferating cartilage within the joint
space, tendon sheath, and overlying dermis.
(HE, 4X)
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Figure 2-2. Tibiotarsal joint, sandhill crane. Arising from the joint capsule and lining the proximal
tibia are nodules of cartilage measuring about 8mm in diameter. (HE, 23X)

Within the mid-trachea at the level of the re-
flexive curvature are multiple intraluminal
trematodes. The organisms are 1.4 cm long,
flat and fusiform with a bulbous anterior end;
they are white with bilateral dark brown linear
striations. Within the affected area, the tra-
cheal mucosa is red and slightly thickened.

There are no significant gross abnormalities in
the tongue, esophagus, lungs, heart, liver,
spleen, pancreas, kidneys, proventriculus,
ventriculus, small intestine, large intestine, or
brain. The spinal cord is not examined in this
case.

Microscopic Description:

Ankle joint: The bone profile is irregular due
to many cartilage nodules that arise from the
synovium of the joint spaces (synovium) and
tendon sheaths (tenosynovium). Nodules con-
tain many evenly spaced chondrocytes in hya-
line pale blue matrix; they have moderate
finely vacuolated pale purple cytoplasm and

large round nuclei with peripheralized chro-
matin and 1-3 nucleoli. Anisocytosis and an-
isokaryosis are marked. Mitoses are not evi-
dent. Binucleate cells are occasionally evi-
dent, and a trinucleate cell was seen. Many of
the chondrocytes are pyknotic or karyolytic
with pink cytoplasm (necrosis); such cells are
dispersed between viable cells or predominate
in the center of nodules where there is frag-
mentation of matrix and rarefaction of tissue.
In larger nodules, the central chondrocytes
cluster with intervening areas of acellular ma-
trix. The synovium is thin and often necrotic
when stretched over the nodules, with small
thrombi in the associated vessels. In other ar-
eas the subintima is thickened by large mesen-
chymal cells embedded in mucinous matrix
and variable numbers of lymphocytes, plasma
cells, and heterophils. Scant fibrin and karyor-
rhectic cells are present in the joint spaces.
The bone surfaces have mild remodeling,
there is marked serous atrophy of marrow fat,
and skeletal myocytes are atrophied.
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Figure 2-3. Tibiotarsal joint, sandhill crane. Prol
space are giving rise to cartilage. (HE, 91X)

The skin bulges and is ulcerated due to several
cartilage nodules in the subcutis, dermis, and
epidermis. Synovium surrounds the intrader-
mal nodules and merges with the inflamed and
fibrotic dermis. Intraepidermal nodules are de-
marcated from the dermis by many hetero-
phils; their cartilage matrix is pale blue to
pink, and cells are pyknotic along the subcor-
neal surface. The epidermis overlying the in-
traepidermal nodules is necrotic and the sur-
rounding epidermis is hyperplastic (acan-
thosis, increased mitoses). The stroma around
and deep to the intraecpidermal nodules is ex-
panded by many red cells, heterophils, and
compact collagen that has many fine karyor-
rhectic fragments, as well as small thrombosed
vessels.

Contributor’s Morphologic Diagnoses:

1. Tibiotarsus: Moderate chronic hetero-
philic synovitis with synovial and teno-
synovial chondromatosis

2. Skin: Multifocal chondromatosis with ep-
idermal hyperplasia and necrosis, hetero-
philic dermatitis, and transepithelial elim-
ination

Contributor’s Comment:

Synovial chondromatosis (also known as syn-
ovial chondrometaplasia) is an uncommon
non-neoplastic process characterized by the
formation of multiple cartilage nodules in syn-
ovial tissues of a joint, tendon sheath, or bursa.
When the majority of these nodules undergo
endochondral ossification, the term oste-
ochondromatosis is used.>*’ Reports in ani-
mals have mostly been in dogs'"#1%1% and rap-
tors! 1318 but horses and pigs can also be af-
fected.®!* It should be noted that osteochon-
dromatosis of cats is different in its biological
behavior, distribution, and possible etiology,
and thus should not be combined when dis-
cussing the disease entity in other species.’
Males predominate in reports from both dogs
and humans, while the few reports in raptors



Figure 2-4. Tibiotarsal joint, sandhill crane. Nodules of cartilage arise within the tendon sheath (at
left) and extend into the tendon sheath lumen (center). (HE, 39X)

have increased numbers of females.>"'1!518 In

dogs most reports are from large and giant
purebreds from 7 months to 11 years old. The
shoulder joint is most often affected, although
cases have also been observed in the stifle, el-
bow, hock, and digits.>? Clinical signs include
chronic progressive lameness with swelling of
the joint.!"78:10

In raptors, the majority of cases are reported
bilaterally in the scapulohumeral joints of
great horned owls (Bubo virginianus), with or
without osteoarthritic change. Fewer cases of
chondromatosis in the stifle joints have been
reported.' 118 Birds often present in poor nu-
tritional condition due to severe mobility re-
striction. This case is the first report of chon-
dromatosis in the Gruiformes group and af-
fecting the ankle joints.

Two forms of synovial chondromatosis (pri-
mary and secondary) have been described. Pri-
mary (idiopathic) chondromatosis occurs

spontaneously within the synovium of a sin-
gle, otherwise unremarkable joint; it is rare in
humans and animals. Grossly, primary syno-
vial chondromatosis presents with more nod-
ules than secondary chondromatosis.® The
pathogenesis of primary synovial chondroma-
tosis is unknown, and it is thought to be an id-
iopathic nodular cartilaginous metaplasia of
the synovium. Secondary chondromatosis is
thought to be a reaction to a traumatic, degen-
erative, or inflammatory joint disease. Specu-
latively, the etiology in raptors is thought to be
a chronic inflammatory process due to joint
strain.'> In older horses and dogs, it is usually
an incidental finding at necropsy, while in rap-
tors it is often associated with the demise of
the individual due to an inability to fly.>!
Nodules are reported to be less numerous and
mixed with other forms of synovial prolifera-
tion and metaplasia. Erosive changes in the ar-
ticular cartilage are often more marked than
the degree of synovial proliferation.’ In this
case, the bilateral occurrence in the ankles,
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presence of synovitis, and fracture of the tibi-
otarsus indicates secondary synovial chondro-
matosis.

Classically, gross lesions are described as
multiple firm or hard white nodules embedded
in the synovium and periarticular connective
tissues, with variably intact articular carti-
lage.>>!'* The nodules consist of islands of
highly cellular hyaline cartilage covered by a
layer of synoviocytes or fibrous tissue at-
tached to or continuous with the synovial lin-
ing of joints or bursae. Chondrocytes may be
haphazardly clustered, large, and sometimes
binucleate. In this case, trinucleate chondro-
cytes were rarely evident. Areas of fibrocarti-
lage, central necrosis, or endochondral ossifi-
cation with medullary hematopoiesis may also
be present. In some cases proliferative
plasmacytic synovitis is reported.®!” Nodules
may detach from the synovium and float freely
in the joint. In these cases, they are termed
“loose bodies” and may undergo ischemic ne-
crosis.>!? Extra-articular chondromatosis has
been rarely reported; in this case chon-
drometaplasia was evident in a tendon sheath.’

Under certain circumstances, nondermal ele-
ments enter the epidermis and are eliminated
to the outside, a process termed ‘transepithe-
lial elimination’ (TE).'?> Four subdivisions of
TE are described, two of which involve large
portions of tissue, as in our case (subdivisions
3 and 4). As migrating tissues compress the
epidermis from below, epithelial damage oc-
curs with necrosis and ulceration, and possible
sloughing.!? Transepithelial elimination, to
the authors’ knowledge, has not been reported
in association with synovial chondromatosis
or in the class Aves. In this case, TE probably
occurs as a result of the pressures exerted on
the nodules by the relatively immobile and
non-distensible skin of the ankle in birds. This

area may also have increased susceptibility to
ulceration versus a more protected scapulo-
humeral lesion, which is more often seen in
birds with chondromatosis.

Differential diagnoses for synovial chondro-
matosis include chondroma and chondrosar-
coma. Chondroma is a benign neoplasm of
cartilage that has been occasionally reported
in multiple veterinary species. Histologically,
chondromas may have similar irregular lob-
ules of hyaline cartilage, which may also have
foci of endochondral ossification and mineral-
ization. In fact, some report that primary chon-
dromatosis may be a multifocal form of a
chondroma.>® An important differential diag-
nosis is synovial chondrosarcoma. Malignant
transformation of synovial chondromatosis to
chondrosarcoma is rarely reported in dogs.!’
Features that suggest chondrosarcoma are
bone invasion and replacement of the chon-
drocyte cluster pattern with a more random
distribution of cells.!’

Contributing Institution:

Veterinary Diagnostic Laboratory
University of Illinois at Urbana-Champaign
Urbana, IL

https://vdl.vetmed.illinois.edu/

JPC Diagnosis:

Joint capsule, tendon sheath, and overlying
skin: Chondromatosis, nodular, multifocal, se-
vere, with intra-osseous extension, transepi-
dermal elimination, and chronic tenosynovitis
and dermatitis.

JPC Comment:

The contributor provides an excellent sum-
mary of synovial chondromatosis (SC) as this
photogenic entity presents in dogs, birds, pigs,
and horses. Cats, however, long known for
their flair for the idiosyncratic, have a similar

11
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Figure 2-5. Tibiotarsal joint, sandhill crane. Nodules of cartilage are present within the dermis and
extend to the epidermis (transepidermal elimination). (HE, 39X)

sounding but distinct condition, feline oste-
ochondromatosis, which is distinct from the
synovial chondromatosis discussed above and
from osteochondromatosis in other animals.
In horses, dogs, pigs, and humans, osteochon-
dromatosis demonstrates an autosomal domi-
nant inheritance pattern and typically occurs
in young animals only during the period of ac-
tive bone growth.'® The cartilage-capped tu-
mors that arise from bone surfaces give the
condition its name and tumor growth arrests
once growth plates close.'®

In contrast, feline osteochondromatosis usu-
ally presents in adult cats (most commonly 2-
4 years old) long after skeletal maturity is
achieved. The condition presents with no
breed or sex predisposition and does not ap-
pear to be inherited. The disease affects the ax-
ial skeleton and, in a sad departure from the
tumor arrest seen in other animals, tumors
show progressive growth and can undergo ma-
lignant transformation to osteosarcoma or
chondrosarcoma.'¢

Interestingly, feline osteochondromatosis is
usually diagnosed in cats concurrently in-
fected with feline leukemia virus (FeLV),
leading to speculation that FeLV infected fi-
broblasts account for the special pathogenesis
and distinct clinical behavior of osteochondro-
matosis in cats relative to other species.”!¢
FeLV particles have been visualized within fe-
line osteochondromatous tissue via electron
microscopy and via in situ hybridization; how-
ever, a direct pathogenetic link between FeLV
infection and the condition has not been con-
clusively established, and osteochondromato-
sis has been reported in FeLV-negative
cats.>!®

In humans, dogs, and a few cats, osteochon-
dromatosis has been associated with prema-
ture stop codon-producing frameshift muta-
tions in the exostosin glycosyltransferase 1
and 2 genes (EXT1 and EXT2, respectively),
whose protein products form an enzyme com-
plex that modifies heparan sulfate chains.* It
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is thought that heparan sulfate chain dysfunc-
tion can scramble chondrocyte differentiation
or proliferation pathways, fibroblastic growth
factors, bone morphogenic proteins, and Wnt
signalling pathways, all of which could ac-
count for the lesions of osteochondromatosis.*
These theoretical pathogeneses have not been
proven in human or in veterinary medicine,
and in all species tested, EXT1 and EXT2 mu-
tations are absent in an significant subset of
osteochonromatosis cases.*

One such recent case report detailed the radi-
ographic and pathologic findings of feline os-
teochondromatosis in an aged, 12-year-old
Russian Blue, FeLV-negative cat with a years-
long history of progressive forelimb lame-
ness.” Radiographs revealed bilateral, calci-
fied proliferative lesions of the elbow joints
and multiple vertebral bodies and ribs.
Grossly, the elbow joints were completely an-
kylosed by large, round masses containing
white material that replaced normal tissue ar-
chitecture; the affected vertebrae and ribs con-
tained similar lesions.’ Testing for EXT1 and
EXT2 mutations and FeL'V infection were all
negative, confirming that this condition can
arise spontaneously in aged cats.’

Back in the joints of the sandhill crane, the
moderator noted that this, along with vertebral
angiomatosis, was yet another entity with
bland looking cells that nevertheless have no
business being where they are. Conference
participants noted the lack of anisocytosis, an-
isokaryosis, and mitotic figures, all of which
point toward a benign process; however, the
intra-osseous nodule of cartilage, which
should not be present in a pure case of syno-
vial chondromatosis, raised the spectre of
chondrosarcoma for some participants. Partic-
ipants ultimately decided that the bland histo-
logic appearance of the cells likely a precluded

chondromsarcoma diagnosis, but the phrase
“with intra-osseous extension” was added to
the morphologic diagnosis to capture this un-
usual feature.
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CASE III:

Signalment:
4-year-old male African pygmy hedgehog
(Atelerix albiventris).

History:

This hedgehog presented to the teaching hos-
pital for severe dental disease. A submandibu-
lar mass was noted during examination. Under
anesthesia for a dental procedure, the animal
decompensated, developing cyanosis. The pa-
tient showed clinical improvement when na-
loxone was administered and had a prolonged
recovery from anesthesia. The patient was mo-
bile and eating following recovery, but acutely
decompensated 1.5 hours later. Resuscitation
was attempted but was unsuccessful.

Gross Pathology:

The hedgehog was in good body condition.
There was slight deviation of the muzzle to the
right. Only one tooth (the lower right first in-
cisor) remained in the dental arcade and was
easily removed with traction. Both mandibles
were mildly thickened and slightly irregular
with smooth undulations noted in the gingiva.
Mild hemorrhage was present near the right
submandibular salivary gland and a 0.5 cm
pale nodule (presumed enlarged lymph node)
was associated with the gland. Dark pink dis-
coloration and consolidation of the lung was
present bilaterally and scattered, small (1 mm)
white foci were noted in the affected regions.
The heart weighed 1.8 g (0.56% of the total
body weight).

Laboratory Results:

Light growth of Neisseria animaloris was iso-
lated from the right submandibular lymph
node (aerobic culture; species identified using
MALDI-TOF). No microbial growth was iso-
lated from this organ on anaerobic culture.

14



Figure 3-1. Lymph node and jaw, hedgehog.
One section of mandibular lymph node and
two sections of jaw are submitted for exami-
nation. At this magnification, 75% of the
nodal architecture is effaced by an inflamma-
tory infiltrate. (HE, 5X)

Microscopic Description:

Submandibular lymph node: Large coalescing
regions of pallor obscure the normal architec-
ture of the enlarged lymph node. Areas of pal-
lor consist of multifocal to coalescing nodular
aggregates of mostly neutrophils with fewer
epithelioid  macrophages,  lymphocytes,
plasma cells, eosinophils, and multinucleated
giant cells. At the center of the infiltrates are
frequent deposits of basophilic bodies occa-
sionally with peripheralized eosinophilic acel-
lular material (Splendore-Hoeppli reaction).
Small, non-filamentous, coccoid Gram-nega-
tive bacteria are identified at the center of
these deposits using a Gram stain. At the pe-
riphery of the cell aggregates, there are thin
concentric bands of connective tissue and
moderate eosinophilic infiltrates. A few small
scattered secondary lymphoid follicles are
separated by sheet like infiltrates of plasma
cells.

Jaw: There are multifocal to coalescing re-
gions of increased cellularity and loss of tra-
becular bone within the mandible. Cellular in-
filtrates consist of nodular aggregates of
mostly neutrophils with fewer epithelioid
macrophages, lymphocytes, plasma cells, and
rare eosinophils and multinucleated giant
cells. At the center of the infiltrates are rare
radiating deposits of basophilic material with
peripheralized eosinophilic acellular material
(Splendore-Hoeppli reaction). At the periph-
ery of the cell aggregates, there are thin con-
centric bands of connective tissue, plasma cell
infiltrates, and focal hemorrhage. Remodeling
of the surrounding bone with new woven bone
formation is evident. The gingival mucosal ep-
ithelium is hyperplastic, eroded, and infil-
trated by neutrophils and fewer eosinophils.

Contributor’s Morphologic Diagnoses:

1. Submandibular lymph node: Lymphadeni-
tis, pyogranulomatous, multifocal to coa-
lescing, chronic, severe, with intralesional
Gram-negative bacteria and Splendore-
Hoeppli reaction.

2. Jaw: Osteomyelitis, pyogranulomatous,
multifocal to coalescing, chronic, severe,
with intralesional bacteria and Splendore-
Hoeppli reaction.

Contributor’s Comment:

This hedgehog had a history of significant
dental disease resulting in loss/removal of
most of the teeth. Dental diseases, including
gingivitis, periodontitis, tooth fracture, tooth
loss, excess dental wear, dental abscesses, and
even oral osteomyelitis are common in this
species.!® Mandibular osteomyelitis was
marked and was accompanied by a similar re-
action in the draining lymph node and in the
lung (not included in the submission). Splen-
dore-Hoeppli phenomenon was evident within
the lesions. This nonspecific reaction is
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thought to reflect the deposition of antigen-an-
tibody complexes and inflammatory cell prod-
ucts/debris, and occurs around clusters of mi-
croorganisms, such as bacteria and fungi, or
biologically inert substances.’ Genera of bac-
teria that are commonly associated with this
reaction include Actinomyces, Nocardia,
Staphylococcus,  Streptococcus,  Proteus,
Pseudomonas, and Escherichia coli.’

Mandibular osteomyelitis is not uncommon as
a cause of morbidity in pet and wild hedge-
hogs and may occur secondary to periodonti-
tis, but there are few studies confirming the
etiology of these lesions.>”!® In mortality
studies on European hedgehogs (Erinaceus
europaeus), mandibular abscesses and botry-
omycosis were detected in 23% of evaluated
animals but these lesions were reportedly con-
fined to the submandibular soft tissues, and
they were not evaluated microbiologically.'”

The lesion in this hedgehog has a similar ap-
pearance to “lumpy jaw” resulting from Acti-
nomyces bovis infections in cattle, and a simi-
lar lesion has been described in a captive Af-
rican pygmy hedgehog infected with Actino-
myces naeslundii.”® Like the reported case,
there was involvement of the draining lymph
node and the lung in this hedgehog. However,
the bacterium in the submitted case was Gram-
negative and pure growth of Neisseria ani-
maloris was i1solated from the lesion.

Neisseria animaloris is a common inhabitant
of the oral cavity of animals (particularly cats
and dogs) and may cause systemic infections
in humans and animals, often as a result of a
bite wound.?** These infections can result in
localized or systemic pyogranulomatous le-
sions which exhibit Splendore-Hoeppli reac-
tion around the Gram-negative diplococci.?
Given the zoonotic potential of this bacterium,

it would be interesting to know if this organ-
ism is part of the normal oral microbiome of
the African pygmy hedgehog.** If so, this may
add to the growing list of known zoonotic bac-
terial pathogens potentially carried by captive
and wild hedgehogs, which already includes
Leptospira spp., Salmonella spp., Mycobacte-
rium spp, methicillin-resistant Staphylococcus
aureus, and Streptococcus spp.9

While the oral lesions in this case were con-
sidered significant, cyanosis during anesthesia
and the subsequent death of this patient was
most likely due to heart failure resulting from
cardiomyopathy.

Contributing Institution:

Atlantic Veterinary College

University of Prince Edward Island

Department of Pathology and Microbiology

https://www.upei.ca/avc/pathology-and-

microbiology

JPC Diagnoses:

1. Lymph node: Lymphadenitis, pyogranu-
lomatous, diffuse, marked, with Splen-
dore-Hoeppli material and colonies of
coccl.

2. Mandible: Osteomyelitis, pyogranuloma-
tous, diffuse, marked, with pathologic
fracture, ulcerative and  lympho-
plasmacytic gingivitis, Splendore-Hoeppli
material, and colonies of cocci.

T

Figure 3-2. Lymph node, hedgehog. Nodél af-
chitecture is effaced by numerous poorly de-
marcated pyogranulomas. (HE, 111X)
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Figure 3-3. Lymph node, hedgehog. Pyogranulomas are centered on colonies of cocci enmeshed in

Splendore-Hoeppli material. (HE, 337X)

JPC Comment:

The contributor provides an excellent case of
mandibular osteomyelitis in an African hedge-
hog which highlights to tendency of this spe-
cies to develop pathology in the oral cavity.
African hedgehogs are short-lived exotic pets
with a life expectancy of 4 to 6 years and are
considered geriatric at 3-5 years of age.® They
are particularly prone to neoplasia, even in
early age, and are susceptible to age-related
cardiovascular, renal, and periodontal dis-

ecase.’

Hedghogs are particularly prone to dental dis-
ease, including gingivitis, dental calculus, per-
iodontitis, and tooth loss.® Periodontal disease
may be preventable with proper diet, with dry
kibble and raw fruits and vegetables thought
to promote periodontal health versus moist or
canned foods.® Hedgehog oral disease of any
variety may be accompanied by florid gingival
hyperplasia that can be difficult to distinguish
from neoplasia grossly. Clinical signs include

reduced food intake or changes in food prefer-
ences, anorexia, weight loss, dysphagia,
drooling, hemorrhage, and halitosis.® Gross
findings may include gingival swelling and in-
flammation, loose or missing teeth, swelling
of the face, and abnormal facial bone position-
ing.®

Oral squamous cell carcinoma (SCC) is the
most common tumor of the African hedgehog
digestive system and is reported to be the most
common overall hedgehog neoplasia.® Oral
SCC has been reported in hedgehogs as young
as 1 year old and as old as 6 years. Diagnosis
can be difficult without histology as the cyto-
logic appearance of oral SCC needle aspirates
can look very similar to early stage periodon-
tal disease, and distinguishing the two condi-
tions on cytology alone is often impossible.’
Surgical excision of oral tumors, including
SCC, is often incomplete and oral tumors fre-
quently recur; prognosis is therefore poor for
oral neoplasia, making differentiating be-
tween oral neoplasia and periodontal disease,
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which often responds well to targeted antimi-
crobial therapy, of prime prognostic im-
portance.®

The aged hedgehog in this case read the text-
book, with severe oral and cardiovascular dis-
ease at the time of death. Conference partici-
pants noted the large peripheral nerve sur-
rounded by the intense inflammatory milieu
and spared a thought for what must have been
an extremely painful condition for this hedgie.
The moderator encouraged participants to
evaluate bone at the subgross level where
symmetry is most easily assessed. Subgross
evaluation in this case reveals an extremely
unsymmetrical mandible, which is an initial
indication of bone involvement. The modera-
tor also noted that polarization at subgross
magnification can reveal which bone is well-
organized parent bone and which is reactive.
Subgross evaluation also reveals impressive
gingival ulceration, which presumably pro-
vided an excellent portal for Neisseria ani-
maloris to enter the deeper tissue of the oral
cavity and provoke the incredible inflamma-
tory response captured on this delightful slide.

Figure 3-4. Mandible, hedgehog. There are
similar pyogranulomas within the medullary
cavity of the mandible. (HE, 18X)

w;: : Naa s o i
Figure 3-5. Mandible, hedgehog. There is
marked resorption of medullary and, to a
lesser extent, cortical bone with pyogranu-
lomatous inflammation. (HE, 57X)

Conference participants noted the somewhat
unexpected abundance of eosinophils in the
inflammatory infiltrate, which some par-
tipants noted was an occasional feature of in-
flammation in hedgehogs. This lead to a brief
discussion of eosinophilic leukemia, a mye-
logenous leukemia of hedgehogs that appears
in middle age and carries a grave prognosis.

Participants felt that the morphologic diagno-
sis should include elements critical to the path-
ogenesis, which in this case is presumed to
begin with ulcerative gingivitis, bacterial in-
vasion, and pyogranulomatous inflammation.
Participants also interpreted the appearance of
the submucosal bone fragments under polar-
ized light as pathologic fracture, which all
thought warranted mention in the morpho-
logic diagnosis.
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CASE 1V:

Signalment:
3-month old male Sprague Dawley rat (Rattus
norvegicus).

History:

The mother of this rat was injected with
valproic acid at 12 days gestation (animal
model of autism). All of the pups in that litter
had kinks in their tails.

Gross Pathology:

A 12 cm amputated tail was submitted in for-
malin. Three centimeters proximal to the tip,
the tail is bent at an angle of approximately
270 degrees with a subtler bend 1 cm from the

tip.

Microscopic Description:

Examined are three longitudinal sections of
the tail (skin removed). One section is com-
posed mostly of muscle. In the other sections,
two normal caudal vertebrae flank a mal-
formed vertebra. In the middle section, the lin-
ear arrangement of the caudal vertebra is dis-
torted by a small, eccentric, round to wedge-
shaped bone containing a curved physis with
somewhat disordered maturation of chondro-
cytes. The direction of chondrocyte matura-
tion is oriented away from the midline of the
tail. Medial to the physis is a layer of woven
bone that is thicker at the periphery and thin-
ner in the middle (osseous endplate) which
blends with a layer of cartilage (cartilaginous
end plate). Connecting to the periphery of the
osseous endplate are laminar bands of colla-
gen and fibroblasts which also connect to the
adjacent vertebral body osseous endplates (an-
nulus fibrosus). The annulus fibrosus also con-
nects the osseous endplates of the cranial and
caudal vertebrae and surrounds two foci of
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chondrocytes, amorphous amphophilic mate-
rial (proteoglycans), and large vacuolated
cells (nucleus pulposus cells). These two foci
are separated by a band of the annulus fibrosus
which connects to the center of the cartilagi-
nous endplate of the abnormal vertebra. The
changes in the other section are similar, except
there are bilateral abnormal vertebral seg-
ments which are connected to one of the adja-
cent vertebrae by woven bone and separated
from the other adjacent vertebra by a band of
annulus fibrosus. The two bony segments are
separated by a central pocket of nucleus pul-
posus cells and proteoglycans. The physis of
one of the adjacent vertebrae blends with the
central nucleus pulposus, bisecting the osse-
ous and cartilaginous end plates.

Contributor’s Morphologic Diagnosis:
Caudal vertebrae: Multifocal vertebral malfor-
mations (hemivertebra and butterfly vertebra).

Figure 4-1. Tail, rat. This is a littermate of the
rat submitted for examination. The tail has
two angular deformities. (Photo courtesy of:
Virginia-Maryland College of Veterinary
Medicine, https://vetmed.vt.edu/)

Contributor’s Comment:

The vertebrate tail is made up of between 2
(Manx cat) and 49 (long-tailed pangolin) cau-
dal (or coccygeal) vertebrae. In tailless ani-
mals, the greatly reduced caudal vertebrae are
fused to form the coccyx. The cranial-most
caudal vertebrae have a well-developed verte-
bral arch with spinous and transverse pro-
cesses. The vertebral canal contains the filium
terminale and a variable number of caudal spi-
nal nerve roots which exit the canal through
the corresponding intervertebral foramina.
The vertebrae toward the tip of the tail have a
much simpler, cylindrical shape.

The intervertebral disc forms a fibrocartilagi-
nous joint between adjacent caudal vertebrae.
The intervertebral disc consists of a central nu-
cleus pulposus surrounded by a tough annulus
fibrosus. The nucleus pulposus is composed of
water, type Il collagen, proteoglycans, and nu-
cleus pulposus cells. The large, vacuolated nu-
cleus pulposus cells of young animals, similar
to the notochordal cells (physaliferous cells)
from which the disc is derived, are replaced by
smaller, chondrocyte-like cells in adults.? The
annulus fibrosus is composed of type I colla-
gen and fibrocartilage arranged in laminae that
attach to the osseous endplates of two adjacent
vertebral bodies and provide resistance to ten-
sile forces on the spine. The osseous endplate
has a strong, solid, peripheral epiphyseal rim
and a central portion made of thin, porous
bone.!! The intervertebral disc is separated
from the cortical bone of the vertebral end-
plate by a thin layer of hyaline cartilage, type
IT collagen, and proteoglycans called the car-
tilaginous endplate.® The dorsal and ventral
boundaries of the intervertebral disc are the
dorsal and ventral longitudinal ligaments.

Tail kinks can be caused by fracture with
malunion or by congenital malformations.
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Congenital malformations can be further di-
vided into genetic diseases and teratogenic ef-
fects during development of the vertebral col-
umn. Genetic tail kinks are common in dogs
and cats, especially in dog breeds such as Bull-
dogs, Boston Terriers, and Pugs.> Embryo-
logic development of the vertebral column be-
gins with segmentation of the paraxial meso-
derm on each side of the neural tube into so-
mites. Next, each somite is divided into a ven-
tral sclerotome, the precursor for the verte-
brae, and a dorsal dermomyotome, which de-
velops into the skeletal muscle and dermis of
the back. The ventral sclerotome subunits fuse
in cranial-caudal pairs as well as across the
midline to form the vertebral body and the ver-
tebral arch which encloses the developing spi-
nal cord. Development and chondrification of
the vertebrae precedes in an cranial to caudal
direction, while the progression of ossification
is less orderly.!

Congenital vertebral malformations have been
classified into either failure of segmentation,
where the mesoderm does not properly divide
into somites, leading to the appearance of ver-
tebral fusion, or failure of vertebral formation,
where elements of an individual vertebra do
not form, leading to abnormally shaped verte-
brae (wedge, hemi-, or butterfly vertebrae).
Either type of deformity can lead to scoliosis
(lateral deviation of the vertebral column) or
kyphosis (dorsoventral deviation of the verte-
bral column). These defects have been classi-
fied based on which part (dorsal, lateral, or
median) of the developing vertebra is deficient
and whether the deficiency is complete (apla-
sia; hemivertebra) or incomplete (hypoplasia;
wedge vertebra).> A butterfly vertebra is
caused by failure of the two lateral portions of
the sclerotome to fuse across midline.> These
malformations can be further classified as seg-
mented (separated from the adjacent vertebrae

NP
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Figure 4-2. Tail, rat. Normal caudal vertebrae
and intervertebral disc. (P = physis; OEP = os-
seous endplate; CEP = cartilaginous endplate;
AF = annulus fibrosus; NP = nucleus pulposus;
T =tendon.)

by intervertebral discs), nonsegmented (at-
tached to the adjacent vertebrae by bone), or
semi-segmented (attached to one adjacent ver-
tebra by bone and separated from the other by
an intervertebral disc). A typical vertebra has
three centers of ossification (one in the body
and one on each side of the arch) and four phy-
ses (one at each endplate and one on each side
where the vertebral arch joins the body).!
Since most caudal vertebrae lack arches, they
have just the caudal and cranial physes. Based
on the single longitudinal sections of this rat’s
tail, the defects are consistent with a seg-
mented hemivertebra and a butterfly vertebra;
however, two view radiographs, MRI, or serial
sections would be needed to confirm the diag-
Nosis.

Valproic acid is a short chain fatty acid used
to treat epilepsy, migraine, and bipolar disor-
der. Actions of the drug include modulation of
neurotransmission and epigenetic regulation
of gene expression. In humans, prenatal expo-
sure to valproic acid has been associated with
an increased risk of autism spectrum disor-
ders, as well as a variety of congenital malfor-
mations.’ Rodents exposed to valproic acid in
utero are used as an animal model of autism.®
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Figure 4-3. Tail, rat. Hemivertebra. (P = physis;
OEP = osseous endplate; CEP = cartilaginous
endplate; AF = annulus fibrosus; NP = nucleus
pulposus; T = tendon.)

Although the exact pathogenesis is not known,
proposed mechanisms of action for valproic
acid-induced malformations include intracel-
lular acidification, changes in lipid, zinc, fo-
late, or retinoid metabolism, and alterations in
developmental gene expression.’

Contributing Institution:
Virginia-Maryland College of Veterinary
Medicine

Blacksburg, VA

https://vetmed.vt.edu/

JPC Diagnosis:
Tail: Vertebral malformation, multisegmental,
with hemi- and butterfly vertebra formation.

JPC Comment:

As the contributor notes, the development of
the vertebral column is complex, with the ver-
tebral bodies forming from proliferating and
migrating sclerotomes that surround the em-
bryonic notochord.* This complex process is
orchestrated via spatially and temporally dis-

crete gene expression and cell signaling casac-
ades that shape and position each vertebra in
the proper cranial-caudal orientation.*

Even the most casual of anatomist will notice
the segmental nature of the vertebrate spine
and the different vertebral morphologies dis-
played at different levels of the spinal column.
These patterning differences develop under
the influence of Hox genes, which have been
extensively studied in mice.” Researchers
have painstakingly mapped the Hox genes to
particular functions, finding, for instance, that
Hox 10 expression deactivates the rib-forming
program in non-thoracic ribs and, when ex-
pression is experimentally blocked, lumbar
vertebrae grow ribs.” In snakes, Hox10 genes
have lost the ability to block rib formation,
leading to rib growth down the entire length of
the animal.’

Sonic hedgehog (Hh) signaling is another crit-
ical player in embryonic patterning and devel-
opment. While Hh signaling is broadly im-
portant in the development of the face, skull,
limbs, and axial skeleton, in the vertebral col-
umn, Hh signaling from the notochord is cru-
cial in initial somite formation and the devel-
opment and maintenance of intervertebral
discs in development; in post-natal life, when
the notochord becomes the nucleus pulposus,
Hh signaling is key for the maintenance of in-
tervertebral disc integrity.*!°

These two patterning pathways are just two
among many, and any missteps in this com-
plex developmental dance produce congenital
defects in the formed vertebra. This case
nicely demonstrates, and the contributor
nicely describes, two such morphologic de-
fects, but there are many others. In humans,
aberrant expression of Hox and/or Hh signal-
ling have been associated with a syndrome
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clunkily named VACTERL, for vertebral
anomalies (V), anal atresia (A), cardiac mal-
formation (C), tracheoesophageal fistula (TE),
renal dysplasia (R), and limb abnormalities
(L).* This clinical syndrome is diagnosed
when a patient has three or more of the listed
abnormalities, and among the listed defects,
vertebral abnormalities are found in up to 95%
of patients.* Perhaps a more familiar conse-
quence of vertebral developmental defects is
spina bifida, a congenital anomaly in which
the vertebral arch fails to fuse. While the un-
derlying pathogeneses have not been fully
worked out, there is mounting evidence that
abnormal Hox gene expression is the root
cause of a number of neural tube defects, in-
cluding anencephaly, spina bifida, hydroceph-
aly, and encephalocele.'?

The complications of developmental anatomy
were well illustrated on the histologic slide ex-
amined in conference. The moderator began
by noting that the first location clue in this
challenging slide is the prominent nucleus pul-
posus surrounded by the concentric rings of
the annulus fibrosis. These features defini-
tively localize the tissue to the vertebral col-
umn. In a rat, the nucleus pulposus should be
a discoid shape and the affected vertebral
joints in section feature very distorted archi-
tecture, indicating that the lesion is architec-
tural and, therefore, likely developmental. The
moderator agreed with the contributor that the
exact nature of the vertebral malformations
would be best assessed via advanced imaging,
but that hemivertebra and butterfly butterfly
formation were most likely based on the his-
tologic features.

A common thread in this week’s conference
discussion was the perceived difficulty of
evaluating bone pathology. In her closing

thoughts, the moderator challenged that asser-
tion with the view that bone responds to injury
in a stereotypic manner. The key to under

Figure 4-4. Tail, rat. Butterfly vertebra (C). (P
= physis; OEP = osseous endplate; CEP = carti-
laginous endplate; AF = annulus fibrosus; NP =
nucleus pulposus; T = tendon.)

standing bone pathology, then, is understand-
ing how bone behaves normally; once one un-
derstands how bone develops and how it un-
dergoes modeling and remodling in response
to injury, then the pathology that you see can
be essentially reverse engineered to narrow
down the universe of potential pathologic in-
sults.

Discussion of the morphologic diagnosis was
mercifully straightforward with this case. Par-
ticipants preferred to call the distribution mul-
tisegmental to emphasize that multiple verte-
brae were affected, but the contributor’s diag-
nosis was otherwise adopted largely intact.
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