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CASE I — 306729 (AFIP 2840709).

Signalment: 1-year-old, female, boxer, canine

History: Th e do g presentedtoa referral ho spital for

chronic (greater than one month duration) grade II out of
VI lameness on the left hind limb with a short stride and
mild muscle atrophy. Physical exam revealed pain on
manipulation of th e left stifle, m oderate left stifle th ick-
ening, and mild decreased range of motion. Radiographs
revealed a fluffy proliferation in th e region of th e left

stifle fat pad, and thickening with slight mineralization of
the medial aspect of the joint. A percutaneous bone core
biopsy was performed and was consistent with multifocal
osteocartilaginous m etaplasia. Due to th e dog’s age at

the time of the in itial biopsy (9 months), it was reco m-
mended that su rgery to rem ove th e lesional tissu e be
postponed un til sym physeal clo sure occurred. The dog
returned for arthrotomy 5 months later. At surgery, mod-
erate degenerative join t di sease (fig. 1 -1) w as noted
with numerous osteophytes on the medial trochlear ridge.
A bony mass was present that incorporated t he m edial
joint capsule from the level of the proximal trochlea to
the tibial plateau and from the medial collateral ligament
to the patellar tendon. The mass was seen to be contigu-
ous with the patellar fat p ad and both the cranial medial
and lateral menisci. The joint capsule was removed with
the mass (excision was complete grossly).

1-1. Left stifle, boxer. The medial trochlear ridge is
moderately proliferative and expanded by osteophytes.
Photograph courtesy of Dr. Brian Huss, Vescone
(Waltham, MA) and the Angell Memorial Animal Hospi-
tal, Pathology Department, 350 S. Huntington Ave., Bos-
ton, MA 02130

Gross P athology: Tissu es sub mitted fo r h istologic
evaluation consisted of a 5.5x3.5x2.0cm anda 2.0 x
1.5x 1.2 cm piece of hard, nodular, whit e-gray tissue
lacking orienting anatomic features.

Laboratory Results: Aerobic culture of the joint at the
time of initial core biopsy was negative.
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Contributor’s Morphologic Diagnosis: Synovial osteo-
chondromatosis

Contributor’s Comment: The submitted specimen con-
sists of sections of joint capsule that include the synovial
membrane and fibrous layer. Th ereisa poorly deline-
ated, e xpansile, m ultinodular m ass com prised of broad
trabeculae of woven and lamellar bone that are lined i n
many areas by a single layer of osteoblasts. In most ar-
eas, these trabeculae arise from foci of collagenous tissue
via endochondral ossification. Hem atopoietic cells and

adipose tissu ¢ are presen t with int he in tertrabecular
spaces.

Synovial osteochondromatosis, or synovial chondrometa-
plasia, is a proliferativ e disorder of undifferentiated stem
cells of the synovium. The proposed pathogenesis is the
transformation of fibroblast-like cells under the influence
of extracellular chondroid matrix material into chrondro-
blastic cells. Itisth ese tran sformed cells th atare b e-
lieved to give rise to the characteristic cartilaginous nod-
ules. These nodules may grow and project out form the
synovium on delicate vascular pedicles, or as seen in this
case, may form a more broad-based nodular mass. When
their base is narrow, they often break off and form loose
bodies within the joint. Th e chondrocytes o fthe 1oose
body are nourished by th e syn ovial fluid and thu s will

continue to form more cartil age matrix and in crease in

size. This will often result in degenerative joint disease
due to physical damage to the adjacent joint capsule and
articular cartilage. If the nodules remain attached to the
synovium (as was seen in this case) th ey will often un -
dergo e ndochondral o ssification with t he formation of
broad trabeculae of bone. In dogs, the disease is usually
seen in medium to large breeds, and has been described
in the scapulohumeral, coxofemoral, talocrural, and stifle
joints. There is usually no history of trauma or pr imary
degenerative joint disease (such as osteochondritis disse-
cans).

In humans, osteochondromatosis is uncommon and most
often occurs in the stifle joint of middle aged males. The
condition in humans has been classified into primary and
secondary forms. The p rimary form is described as the
spontaneous formation of i ntrasynovial no dules in an

otherwise no rmal joint. It isusually confined toone
joint, most commonly a larger joint (e.g. knee, hip, shoul-
der, elbow, and ankle). Histologically, the primary form
has been described as foci of chondrometaplasia that con-
tain ch ondrocytes with cellu lar atypia. The recurren ce
rate with th is form is con sidered high. Secondary syno-
vial o steochondromatosis is a similar co ndition that fol-
lows traumatic, d egenerative, or inflammatory joint dis-
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eases. In this condition, detached fragments of cartilage
or subchondral bone become implanted within the syno-
vium and incite the formation of chondrometaplastic nod-
ules. With the secondary form, there is little to no cyto -
logical atypia, and the condition usually responds favora-
bly to surgical intervention, provided that the initial joint
disease is not allowed to progress.

In the past, an attempt has been made to apply the above-
mentioned classificatio n to canine p atients with osteo-
chondromatosis, bu t th is h as p roven t o b e d ifficult, as

many lesions in the dog do not fit all the criteria of either
classification. In the present case, there was no apprecia-
ble cellular atypia seen and there was evidence of degen-
erative joint disease. This would be most consistent with
a classification of secondary osteochondromatosis. How-
ever, the patient had no history of trauma, and the lesion
was confined to one stifle joint. This is more typical of
the primary form. A lack of cellular atypia argues for the
secondary form, but cellular atypia may not be seen in all
primary cases. T he presence of degenerative joint dis-
ease is not in of itself an adequate criterion for the secon-
dary form, as th e formation of osteochondromatous nod-
ules can lead to degenerative changes within the adjacent
synovium. Regardless of the classification scheme used,
the prognosis for dogs with this condition appears to de-
pend on the degree of degenerative joint disease noted at
the time of surgery, as well as th e ability to perform total
synovectomy with removal of any loose bodies. R ecur-
rence with incomplete removal of the affected synovium
and/orl oosebo des has beenre ported. C omplete
synovectomy m ay be i mpossible, however, a nd t empo-
rary rel ief has been reported wi th 1 oose body rem oval
alone. The dog in th is report was doing well (no lame-
ness reported) 2 months post-surgery.

Differential diagnosis should include severe degenerative
joint disease,  osteochondral fract ures secondary to
trauma, osteochondritis dissecans, and neoplasia, particu-
larly chondrosarcoma.

AFIP Diagnosis: Joint capsule (per contributor): Osteo-
chondral m etaplasia (osteochondrom atosis), di ffuse,
marked, Boxer (Canis familiaris), canine.

Conference Comment : T he co ntributor givesa good
review on a poorly characterized, rare condition in ani-
mals. We essentially agree with the contributor’s diagno-
sis of osteochondromatosis, although we prefer the termi-
nology of osteochondral metaplasia to describe the mor-
phologic lesion.

Osteochondral metaplasia can occur within any synovial
lined structure, such as a joint, tendon sheath, or bur sa.t



WSC 2007-2008

Ectopic ossification of these structures requires a v ascu-
lar supply, and the presence of d etached osseous bodies
(joint mice) implies a previous attachment to the synovial
surface.

The underlying cause of osteochondral metaplasia in ani-
mals isno t known. Due to the relativ ely li mited re-
sponses of the joint, it can often be difficult to distinguish
osteochondral metaplasia fro m ot her disease pr ocesses
that resu It in 1intra-articular jo int bodies such as osteo-
chondrosis or chip fractures.*

There is so me variability in the slides. M ost slid es ex-
hibit lamellar bone formation, and only a few slides ex-
hibiting bo th la mellar and chondroid bo ne formation.
Lamellar bo ne is form ed by end ochondral ossificatio n
with a sh arp line of demarcation between cartilag e and
bone.” Chondroid bone is formed directly from fibrocar-
tilage, with blending of the cartilage and bone.

Contributor: Dr. Brian Huss, Vescone (Waltham, MA)
Angell Mem orial An imal Hospital, Patho logy Depart-
ment, 350 S. Huntington Ave., Boston, MA 02130
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CASE 1T — 07-1271 (AFIP 3066003).

Signalment:
cat.

Two-year-old, m ale castr ate, Main Coon

History: Femoral neck fracture. Fem oral head osteot-
omy performed. Radi ographically the fem oral neck ap -
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peared less dense and slightly lytic?

Histopathologic D escription: The femoral head has a
normal sh ape an d t he articu lar cartilag e is microscopi-
cally normal. There is variable lack of differential stain-
ing in m arrow, bo ne lin ing cells an d osteocytes in ter-
preted to be artifacts of decalcification. Th e marrow is
mostly fat ty wi th | imited hematopoiesis an d a reas o f
acute hemorrhage. At the deep specimen margin there is
bone debris within the marrow spaces that is presumed to
reflect method of surgical removal since no sawing was
done to the specimen once received. There are shredded
fragments of hyaline cartilage present on the deep margin
in what would be the location of the growth plate. Com-
pared with a no rmal active growth p late, the cartilage is
hypocellular an d ch ondrocytes are present in irregular
groups (fig. 2-1) rather than columns.

Contributor’s M orphologic Diagnosis: Femoral head:
Dysplasia and fracture of physis

Contributor’s Comment: This particular case of atrau -
matic fracture of the femoral capital ep iphysis (in a cat

over one year of age ) was selected tos ubmit to the

Wednesday Slide Conference because, in our experience,
it is typical of the appearance of such specimens. While
the most important lesions are in the growth plate, little
growth plate is present on many o f these s pecimens re-
ceived for histopathologic evaluation. Only fragments of
the physis remain on th e fe moral h ead and th ese frag -
ments have variable hy pocellularity and disorganization.
The remainder o fth e femoral h ead h as no sign ificant
lesions. Subtle marrow or bone lining-cell changes are
not possible t o det ecti nt his speci men duet o o ver-
decalcification. Most im portant in ¢ onsidering the diag-
nosis of physeal d ysplasia at th is site in th e cat isth e
PRESENCE of a gr owth plate relative to t he age of the
cat. The microscopic appearance of the plate might actu-
ally be non-specific and reflect that although the plate has
not closed, it is not contributing to longitudinal growth.
On average, the growth plate at the femoral neck in cats
closes at 40 weeks.'” C astration delays this by about 6
weeks but this delay is NOT associated with increased
length of the bone (reported for the radius).!' Therefore,
although it is open longer, the growth plate is not signifi-
cantly adding to longitudinal growth. The age of presen-
tation of cats with physeal fractures a ppears to ha ve
changed from earlier to more recent literature. Reports of
physeal fractures of the femoral neck in cats in 1993 a nd
1996 have no cat older than 12 months of age affected.>’
Publications in 20012, 2 002°, 200 4° an d 200 6° rep ort
femoral capital physeal fractures mostly in cats older than
12 m onths (one paper restricted i tselfto catsover 12
months of age)® and one cat in these reports was 4 years
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2-1. Femoral head, Maine Coon cat. Multifocally, sur-
rounded by abundant cartilaginous matrix are few ir-

regular clusters of chondrocytes (arrows). (H&E 200X)

old and still had several open physes.® Most of these cats
are castrated over-weight males and have other growth
plates open well beyond the age expected for normal clo-
sure. One study reported the contralateral physis open in
13 of 1 8 cats with slipped physes of the femoral head.®
Many of these cases of fracture of the physis of the femo-
ral head in cats ol der than 12 m onths ap pear notto be
associated with trauma. Th is is sim ilar to the condition
in the pig for the physis of the femoral head which is con-
sidered a form o f osteochondrosis (epiphysiolysis).* In
the p ig howev er, th e lesion s develop mo stly b etween
ages 6-18 months. At 18 months, s keletal m aturity is
reported to be reached.*

The classificat ion of this les ion as a dysplasia in cats,
appears to be appr opriate bu t the disorganization an d
hypocellarity seem more likely to be secondary to failure
to properly close than a primary chondrodysplasia of the
growth pl ate. T he c onclusion t hat t he g rowth plates
WERE normal during growth is su pported by t he fact
that the cats appeart o have reac hed normal skeletal
growth wi th n ormal appearing skeletons within norm al
time. Since the signals for longitudinal growth have ap-
parently appropriately ceased in these cats but the signals
for closure have either not been recognized or sent, iti s
understandable th at th e chon drocytes remain inginth e
non-functional growth plate would not have their normal
arrangement and density. Likely the persistence of the
plate and not its abn ormal arra ngement and density o f
chondrocytes is p redisposing itto  slip with m inimal
trauma in these heavy fully grown cats.

AFIP Diagnosis: Femoral head: Dysplasia and fracture
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of physis, Maine Coon (felis domesticus), feline.

Conference Comment: Feline physeal dysplasia is char-
acterized by the observation of irregular clusters of chon-
drocytes that are separated by abundant matrix on both
the epi physeal and the m etaphyseal side of the physeal
cartilage cleavag e site. ' This is in co ntrast to at rau-
matic fractu re, in  which t he cho ndrocytes retain t heir
linear arrangement on both sides of the fracture site.”

Although the underlying cause o f feline physeal d yspla-
sia is not known, it has been associated with various fac-
tors including genetics, nu trition, ob esity, endocrine im-
balances, and other factors.! Dueto causinga delay in
physeal cl osure, ne utering h as bee n previously ¢ onsid-
ered associated with feline physeal dyspla sia’, alth ough
in more recent literature this observation has bee n chal-
lenged.® It is not known if the association with obesity is
due to t he increased stre sses place d on the physis from
the additional weight, causing failure under conditions of
minimal trauma, or ift here is an underlying endocrine
abnormality that results in both obesity as well as a weak-
ened physis.’

Epiphysiolysis in pi gs is a m anifestation of ost eochon-
drosis, w hich has m any cl inical m anifestations. T he
growth plate in affected pigs is usually characterized by a
focal failure of endo chondral o ssification i n wh ich re-
tained cartilage ex tends i nto th e m etaphysis.>'>  The
chondrocytes of the cartilage core usually maintain their
normal alignment. This differs from feline physeal dys-
plasia where the entire physis is usually affected, and the
physis consists of irregular clusters of chondrocytes that
have lost their normal alignment.”

The Salter-Harris classification system has bee n used to
classify fractures of t he growth plate in ani mals. Int his
system, fract ures are divided i nto five t ypes ba sed on
their location (table 2-1).

Contributor: De partment of Vet erinary B iosciences,
The Ohio State University, Columbus, Ohio 43210
http://vet.osu.edu/biosciences.htm
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Table 2-1. Salter-Harris classification system'
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Type 1 Fracture through the physis without involvement of the epiphysis or meta-
physis

Type 2 Fracture involving the metaphysis and extending into the physis

Type 3 Fracture involving the epiphysis and extending into the physis

Type 4 Fracture involving the epiphysis and metaphysis going through the physis

Type 5 Compressive fracture of the physis, crushing the growth plate
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CASE III — 335-07 (AFIP 3074807).

Signalment: Five (four male, one female) young guinea
pigs, Cavia porcellus

History: Five young guinea pigs from a pet shop devel-
oped fever, leth argy, jo int swellin g and relu ctance to
move over a period of a few weeks. Their diet had been
a pelleted food formulated by the shop owner. Compara-
ble signs had been observed in other guinea pigs in the
colony in the preceding summer butin the in tervening
period all guinea pigs had appeared healthy.

Gross Pathology: Four male and one female guinea pigs
were necropsied. All had subcutaneous and intramuscu-
lar h emorrhage in volving the p roximal h indlimbs and
hemarthrosis of the stifle jo ints. In some animals, there
was al so hemorrhage into t he el bow, car pal a nd t arsal
joints. All other organs were grossly normal.

Histopathologic D escription: There was both loose and
organizing fibrin within the stifle joint and the synovium
contained acute hemorrhage and edema, dark brown pig-
ment consistent with hemosiderin, and moderate fibrosis.
There was pr ominent synov ial h yperplasia. Th e p erio-
steum was | ifted from the b one by edema and hemor-
rhage and there was hem osiderin present in the e dema-
tous tissue. The perimysium and fascial tissues also con-
tain hemorrhage and severe edema (fig. 3-1) and a mod-
erate degree of fibrosis. There was hemorrhage separat-
ing myofibers, and degeneration of myofibers.

There were no identifiable osteo clasts on the p eriosteal
surface of the diaphysis. The endosteal surface hosted an
adequate population of oste oblasts. The re was re place-
ment of the t erminal plate and canc ellous bone of t he
epiphysis with loose connective tissue containing residual
osteoclasts. The growth plate cartilage was disorganized
and lacked normal chondrocyte columns. In the prim ary
spongiosa (fig. 3-2), there was hemorrhage and necrosis,
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and predominance of spicules that were solely cartilag e
with no bony transformation. Active resorption of miner-
alized tissue was occurring and there we re fragments of
normal spongiosa present, surrounded by loose connec-
tive tissue, probably remnants of trabecular fractures. In
the tibial metaphysis, there was a well developed scorbu-
tic lattice.

The secondary spongiosa were normal.

Contributor’s Mor phologic Diag noses: 1. Dysplasia
of the proximal tibial growth plate and primary spongiosa
with trabecular fractures, hemorrhage, necrosis, failure of
ossification and development of a scorbutic lattice

2. C hronic activ e h emarthrosis of t he stifle jo int, with
severe chro nic activ e in tra-periosteal, int ramuscular and
periarticular edema and hemorrhage

Etiological dia gnosis:
(scurvy)

Chronic vitamin C defi ciency

Contributor’s Comment: Vitamin C deficiency, known
as scurvy, is an ancient disease showing a modern recur-
rence. It is trad itionally associated with sailors and long
sea voyages, and was responsible for more deaths at sea
in the 15th to 18th centuries than all other causes com-
bined, acc ounting for up to 80% of the occupants ofa
ship on a long journey. It was not until the 20th century
that a link was made between lack of fresh vegetables in
the diet and the onset of “land scurvy”.

Vitamin C (ascorbic acid, ascorbate) is water soluble and
degraded by heat, ultraviolet radiation or free radical oxi-
dation. Sy nthesis is widespread in nature, including mi-
cro-organisms and fungi. In those vertebrates which syn-
thesize the vitamin, the site(s) of production is in the liver
and/or kidneys. Fruit eating bats, red vented bulbul birds,
guinea pigs, human and non human primates, most fish
and i nsects la ck gulonolact one oxidase t o catalyze the
last step of t he sy nthesis, and require di etary i ntake as
there is no storage within the body. Absorption occurs in
the ileum via active transport.

The earliest signs of vitamin C deficiency are generally
non specific, such as weakness, anorexia and weight loss.
Guinea pigs fed on severely scorbutic diets will voluntar-
ily decrease their in take and begin to lose weight after 2
weeks. After 3 weeks, serum 250HD;, calcium and al-
bumin levels are significantly reduced, bone mineral den-
sity and bone content are significantly lower than normal,
and bone volume is reduced in long bones, with fewer
and thinner trabeculae and a thinner growth plate. There
is also bone loss with osteonecrosis, osteopenia and corti-

;i‘i.’-. - sg: i
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3-1. Bone (tibia and femur), guinea pig. Multifocally,

the periosteum, adjacent muscle and fascial tissues are
expanded and separated by hemorrhage, edema and fi-
brosis. (H&E 40X)

cal thinning with periosteal proliferation.

The first histological signs in bone are flattening of os-
teoblasts and failure to lay down matrix. A lattice of vas-
cularized, calcified cartilage is formed in the m etaphysis
and is not re placed by bone as it increases in thickness;
vitamin C is required for the differentiation of osteoblasts
from p rogenitors. Being relativ ely u nresistant to m e-
chanical forces, this “scorbutic lattice” develops numer-
ous microfractures. Blood vessels o f all bone regions
dilate, with tho se of't he m etaphysis being p articularly
prominent. Active growth zones are severely hyperemic
and microhemorrhages are common. I ntercellular junc-
tions between en dothelial cells are wid er in scorb utic
vessels than those of normal animals.

With t ime, hem atopoietic t issue of t he marrow i s re-
placed by immature collagen-poor mesenchyme. In mod-
erately advanced disease, vascularity of the bone is not a
prominent feature b ut v ascular frag ility is increased.
Chondrocyte colum ns of t he growth plate becom e dis-
torted and shortened as t he disease progres ses, the num-
ber o f chondrocytes decreases and the growth plate be-
comes th in and un even. Pro liferation of spindle cells
between t he f ibrous periosteum and t he cortical bone
surface thickens the periosteum of long bones, and meta-
physeal infarction may occur.

Arthralgia and myalgia develop; eventually bleeding oc-
curs into the joints due to damage to synovial vessels and
microfracture o f bone. Hem orrhage into stifle joints is
among the most obvious signs of scurvy in guinea pigs.
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There may also be non-hemorrhagic joint effusions. Hair
loss and cork screw hairs are repo rted; Vitamin C is i m-
portant in the disulfide bonding o f hair. Also reported
are fo llicular hyperkeratosis, an d p igmented ich thyosis,
fibrosis of dental pulp, diarrhea and reproductive failure.
Wound healing is delayed and incomplete. Con junctival
and in traocular bleeding ar e a Iso co mmon, an d th ere is
disruption of corneal epithelial and st romal or ganization
with stromal vascularization in later stages.

Laboratory findings are non specific. Anemia is due less
to bleeding than to the concomitant iron and folate defi-
ciencies. Foods high in Vit amin C are also sources of
folate and t he de ficiencies often c oexist. F urthermore,
Vitamin C in creases the ab sorption of nonheme iron by
reducing ferric ir on in t he stom ach and enha nces t he
amount of iron stored in ferritin. Guinea pigs with low-
ered levels of vitamin C but normal growth (phase 1 of
scurvy) may have serum iron levels decreased to 50% of
normal, and by th e time clinical scurvy (phase 2) is ev i-
dent, levels may be aslow as 10— 15% of normal. In-
travascular hemolysis may also lower red cell co unts.
Leukopenia and hypoalbuminemia, a marker of malnutri-
tion, are also common.

Response t o treat ment is rapid with m ost clin ical signs
reversed within a week of onset of ad equate intake. In
severely sco rbutic gu inea p igs, co mplete resto ration of
normal trabecular structure takes about 20 to 25 days.

3-2. Bone (tibia and femur), guinea pig. Multifocally
within the primary spongiosa, there is retention of carti-
laginous cores with a lack of ossification (arrows). Addi-
tionally, the marrow cavity is expanded by necrotic de-
bris and hemorrhage (star). (H&E 100X)
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Vitamin C is a m ajor an tioxidant, in co -operation with
vitamin E and glutathione, and glutathione adminstration
can delay t he on set of clinical scur vy in gu inea pigs.
Persistant deficiency leads to  hepatocyte apoptosis
through endo plasmic reticu lum s tress as a result of its
participation in ox idative protein fo lding. Ox idative in-
jury in the absence of a dequate vitamin h as al so been
linked to motor neuron disease, demyelination of pyrami-
dal tracts and consequent muscular atrophy.

Vitamin C is also an electr on donor. It interacts with
proline oxidase and lysine oxidase in the hydroxylation
of procollagen, in two hydroxylation steps in the produc-
tion of carnitine, which promotes transport of long chain
fatty acids into mitochondria and assists th e flux of sub-
strates into the TCA cycle, and with  -monoxygenase in
the conversion of dopamine to noradrenaline.

The interactions leading to scurvy are not entirely under-
stood. Collagen related signs were tho ught to b e due to
failure of hy droxylation of pro-collagen proline and ly-
sine with consequent failure of cross-linking, leading to
fibril instability. However, starved animals with vitamin
C supplementation show the same reduction in collagen
production as scorbutic animals as a resu It of inhibition
of 1 nsulin-like g rowth fact or (IGF) by bi nding protein
(IGFBP) induction, and deficiency of co llagen type IV
and elastin leads to defects in blood vessels with conse-
quent hemorrhage in both scorbutic and vitamin supple-
mented st arved a nimals. Si milar effects of | GFBP on
collagen are seen in bone, but the decreases in alkaline

phosphatase activity are independent of the fasting effect.
In cartilage, type II collagen production drops in the early
stages of deficiency, but stabilizes to around 50% of nor-
mal.

The poor wound healing o f scorbutic animals, however,
is not due to inhibition of proline hydroxylation or induc-
tion of IGFBPs. Vitamin C is known to promote wound
healing fo llowing irradiation through stimulation of co 1-
lagen sy nthesis and deposition, and increased fibroblast
density and t issue vascularity. Poo r wound healing in
scurvy may therefore be a consequence of failure of inter-
stitial procollagen gene ex pression and blood vessel for-
mation.

AFIP Diagnosis: Bone, tibia and femur: Osteochondro-
dysplasia, sco rbutic, with lack of normal p rimary
spongiosa, ost eopenia, microfractures, and subperiosteal
hemorrhage, guinea pig (Cavia poricellus), rodent.

Conference Comment: The contributor gives an excel-
lent overview of Vitamin C/Ascorbic acid deficiency in
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general and in the guinea pig in particular. Ascorbic acid
is an im portant antioxidant and reducing agent. Itis re-
quired for the hydroxylation of proline and lysine, a proc-
ess that is essen tial in the formation of co llagen.” Func-
tional failu re o f these en zymes resu Its in form ation of
collagen fibrils that are not cross-linked and lack tensile
strength, leading to blood vessel fragility and poor wound
healing.” Lesions associated with scurvy, such as subpe-
riosteal, subc utaneous, intramuscular and gingival hem -
orrhages, reflect this defect in collagen synthesis.

Contributing Institution: Th e Un iversity o f Mel-
bourne, Schoo 10 fV eterinary Science,2 50 Princess
Highway, Werribee, Victoria, Australia 3030.
http://www.unimelb.edu.au
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CASE IV - H06-0308C (AFIP 3025649).

Signalment:
scrofa, porcine

2-day-old, L andrace pi glet, m ale, Sus

History: At apiggery with 500 sow s a f arm wo rker
noted t hat th ere were on e or two p iglets in rare litters
over the past few weeks that had bilateral thickened fore-
limbs. The piglets had a stilted forelimb gait. The sows
were multiparous and had not had litters previously with
this condition. Th e piglets did not survive more than a
few days after birth.

Gross P athologic Findings: One piglet was submitted
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for post mortem examination. The forelimbs were bilat-
erally thickened (fig. 4-1). On dissection the radius and
ulna of both limbs were thickened uniformly through the
diaphysis. T here were no other significant post mortem
findings.

Histopathologic Description: Ulna and Radius, diaphy-
sis: There is a cross section of radius, ulna and attached
fibrous tissue and skeletal muscle. T he cortex of both
bonesi s distended by i nterconnectingt rabeculae of
woven bone radiating from the periosteum at right angles
to the existing cortical lamellar bone. Within the intersti-
ces of the new bone is myxodematous tissue without hae-
mopoietic cells. The periosteum is irregularly expanded
by po lygonal to p lump sp indle cells set in eo sinophilic
fibrillar st roma ex tending from mature uniform fib rous
stroma. The central cavity of the bone consists o f multi-
ple aggregates of haemopoietic cells set between trabecu-
lae of bone. Within the connective tissue surrounding the
bones there is separation of the adventitia of small arteri-
oles from the attached collagen by proteinaceous material
consistent with oedema.

Contributor’s Mor phologic Diagn osis: Ulna and ra-
dius: Hyperostosis

Contributor’s Comment: Hyperostosis is a rare reces-
sive autosomal disease seen in newborn piglets.” Most
commonly these piglets die due to malnutrition, starva-
tion or cardiac ins ufficiency.” T he c ondition h as been
reported in La ndrace and Duroc pigs."” Generally hy -

4-1. Landrace piglet. The forelimbs are diffusely thick-
ened. Photograph courtesy of the Department of Veteri-
nary Biology and Biomedical Sciences, School of Veteri-
nary and Biomedical Sciences, Murdoch University,
South St, Murdoch WA 6150, Australia
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perostosis affe cts the forelimbs, most commonly the ra-
dius and ulna.’

The radioulnar region is thickened and may be twice nor-
mal diameter. The overlying skin is hyperaemic. At ne-
cropsy there is enlargement of the soft periosseous tissues
mostly at the c ranial surface of the lim bs from proximal
end of the radius down to and surrounding the metacarpal
bone distally. Fi brous tissue may invade and partially
fuse with muscles.’

Microscopically there are radiating osseous spicules asso-
ciated with m arked hyperplasia of periosteal osteoblasts.
They are numerous, large and can appear as syncytium.
Normal co rtical b one is lamellar an d forms co ncentric
osseous plates consistent with rapid periosteal apposition.
Osseous trabeculae of woven bone are orientated radially
in relation to the medullary cavity.’

The pathogenesis of co ngenital h yperostosisis not
known, how ever t here ar e two s uggested mechanisms
reported in the piglet. These include 1) disruption of the
growth of bone at the ossification groove of Ranvier or 2)
local circulatory abnormality.

Dalton et al® proposed that radioulnar hy perostosis may
be the result of an initial lesion situated at the anchor site
of the periosteum to the epiphysis at the level of the peri-
chondrial ossification groove of Ranvier. This true sepa-
ration could be the cause of the fine supernumerary trabe-
culae of woven bone. The groove of Ranvier is an ossifi-
cation g roove (a ¢ omponent o f't he pe richondrial ring
supporting the zone of provisional calcification) that sup-
plies chondrocytes to the physis for diametric growth of
the foetal bone and al so fibrous attach of the periosteum
to the epiphysis.

A second study o fpiglets with hyperostosis, co nducted
by Roels et al * dem onstrated distinct ci rcular ¢ onstric-
tions in the proximal antebrachial re gion of the median
artery, in conjunction with the consistent finding of oe-
dema within the connective tissue surrounding the thick-
ened b one su ggesting hypertension. In a ffected piglets
the initial segment of the median artery (ie proximal ante-
brachial regi on) s howed di stinct ci rcular const rictions
(not see ni n controls) s uggesting ac ute hypertension.
There was e xtensive sm ooth muscle fibre proliferation,
intimal fibrosis and fi brinoid nec rosis of t unica media
and less narrowing of lumen in small arteries and arteri-
oles of upper dermis.

AFIP Diagnosis: Bone, radius and ulna: Hyperostosis,
periosteal, circumferential, severe, Landrace (Sus scrofa),
porcine.
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Conference Com ment:  Although no tpr oven, hy-
perostosis is presu med to be an autosom al recessive in-
herited di sease t hat has be en described in La ndrace
swine.'”” The characte ristic histology lesion as sociated
with hyperostosis is proliferation of subperiosteal, radiat-
ing trabeculae of woven bone extending from the surface
of apparently normal cortical bone, covered by at hick-
ened periosteum.’

A similar h yperostotic cond ition has been reported in a
single West Highland White Terrier dog, in which new
bone formation invo Ived the p elvis, scapu lae, humeri,
ulnae, femora, radii, and tibiae.’

The d eeper, old er por tion of the exam ined cortex is
formed of woven bone. T his type of bone is formed in
areas in which a support structure needs to be put in place
quickly, such as in the developing fetus or at sites of frac-
ture rep air, inflammat ion, or n eoplasia. It co nsists o f
collagen fib ers within the bone matrix that are arrang ed
ina haphazard inte rwoven fashion.” These ha phazard
arrangements are usually replaced with the more structur-
ally sound lamellar bo ne during skeletal maturation.” In
young ra pidly g rowing animals, especi ally rum inants, a
different t ype of | amellar bone i s de posited al ong t he
surfaces of long bones. This type of bone is called lami-
nar bone and consists of lamin ar arrays rather than the
Haversian syste m seen m ore co mmonly in lam ellar
bone.’

Contributor: Depa rtment of Veterinary B iology an d
Biomedical Sciences, School of Veterinary and Biomedi-
cal Sci ences, Murdoch University, S outh St, M urdoch
WA 6150, Australia
http://www.vetbiomed.murdoch.edu.au/
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