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A fast growing, circumscribed, unilateral swelling of the right mandible of a juvenile horse

was observed. Within few weeks, the continuously growing mass reached dimensions

ranging from 7 to 10 cm in diameter and resulted in loss of the first deciduous premolar

of the affected side. The animal was euthanized due to lesion progression. Histologically

the mandibular swelling consisted of numerous variably sized vascular structures, partly

filled with erythrocytes and embedded in a loosely arranged fibrous stroma within the

medullary cavity of the mandible. Juvenile mandibular angiomatosis was diagnosed. To

the authors’ knowledge this is the first description of this rare entity in the mandible of

a foal.
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INTRODUCTION

Swellings and masses of the equine mandible predominantly arise from dental diseases such as
apical infections of cheek teeth, but can also be caused by trauma as well as non-neoplastic or
neoplastic proliferations (1–3). Most mandibular neoplasms, already rare in itself, originate from
osteogenic or odontogenic tissues whereas other tumors are only sporadically reported in literature
(1, 4–9). Moreover, a clear distinction between neoplasms and tumor like-lesions, for example
granulation tissue formation, epulides, and vascular proliferations can pose a diagnostic challenge.
Vascular tumors can be differentiated according to their cellular origin (lymphatic endothelium,
blood vessel endothelium, perivascular wall tumors in small animals) as well as their dignity
(e.g., hemangioma/hemangiosarcoma).

Tumor like vascular proliferations (e.g., vascular hamartomas, angiomatosis/hemangiomatosis,
aneurysmal bone cysts) are rarely reported in animals, especially with a view to the mandibular
region (10). Furthermore, the used terminology is often complicated due to frequent overlap
between simple epithelial proliferations and benign tumors of endothelial origin like hemangiomas
or lymphangiomas (10). Accordingly, the term angiomatosis has been used ambivalently in
literature to describe both, neoplastic, as well as malformative, proliferative vascular lesions
(11–13). Cases of mandibular angiomatosis have been reported in young animals before, including
a 2-month-old Holstein calf and a 6-month-old dog from Canada and Spain, respectively (14, 15).
Similar lesions have been observed in the orbit, the meninges, ovaries, intestine, and skin of
horses but, to the authors’ knowledge, have never been observed within the mandible (11–13, 16).
Therefore, this report describes the first case of a juvenile, mandibular angiomatosis in a horse.
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CASE PRESENTATION AND HISTORY

A 178 kg, about 4 months old, Hanoverian colt was presented
to a local horse clinic with a fast-growing mass of the right
mandible with consecutive loss of the first deciduous premolar
(Pd2). A 3 x 3 x 1.5 cm sized, indolent swelling had already
been present at birth. During the following 6–8 weeks until
euthanasia, the animal was clinically and radiologically examined
twice. A rapid growth with consecutive loss of Pd2 was noted.
The animal remained in good general condition for the entire
investigation period. Feed intake, however, became increasingly
impaired over time due to the progressive growth of the oral
mass. Since the animal did not reveal any increased sensitivity
or painfulness, no analgetic treatment or other medication was
performed. A biopsy sample from the right mandible was taken
by the local veterinarian and sent to theDepartment of Pathology,
University of Veterinary Medicine Hannover for histological
examination. Afterwards, the animal was transferred to the clinic
for horses, University of Veterinary Medicine Hannover for
further imaging techniques.

DIAGNOSTIC ASSESSMENT

For computed tomography (CT) examination the foal was
positioned in left lateral recumbency on a stationary examination
table. CT was performed using a BrillianceTMCT—Big Bore
Oncology 16 slice Scanner (Philips Medical Systems, Best, the
Netherlands). The entire head of the colt was scanned with an
axial scan-mode with 140 kV, 500 mAs, slice thickness of 1.5mm.
Scanning commenced in a soft tissue window (WL: 58 and WW:
400) followed by reconstruction in a bone window (WL: 300,
WW: 2800).

CT revealed a thickening of the cortex starting at the level of
the third incisor (Id3) of the right mandible with an interruption
of the bony contour (4 x 9mm) to the buccal side 2 cm caudal of
Id3. Over a length of 14 cm, the right mandible was thickened up
to 5 cm with partial cortical thickening, cortical disruption at the
buccal and lingual side and solid periosteal new bone formation.
Pd2 was missing and an expansile mass (15 x 4 x 7 cm) with
loss of normal trabecular structure, causing a disruption of the
dorsal border of the mandible, extending into the right side of
the oral cavity, overtopping the level of the mandible and the
mandibular premolar teeth, and displacing the tongue to the left
was present. The mass contained irregular mineralized opacities
that were more prominent rostrally and showed heterogeneous
multilobulated soft tissue appearance with a mean HU of 37. The
right mandibular lymph node was markedly enlarged.

Due to the progressive nature of the lesion and the increasing
physical impairment of the horse, the animal was euthanized and
submitted for full post-mortem examination.

During necropsy a representative spectrum of tissue samples
of various organs includingmandibular bone andmass, overlying
skin as well as associated lymph nodes (Lnn. mandibulares,
right Ln. retropharyngealis) and tongue was taken and fixed
in 10% neutrally buffered formalin for histochemical and
immunohistochemical investigations. Formalin fixed tissue was
routinely embedded in paraffin wax (formalin and paraffin

embedded material; FFPE) and sectioned on a microtome at
2µm thickness and stained with hematoxylin and eosin (HE).
Osseous tissue was decalcified using 5% nitric acid (HNO3).
Moreover, tissue sections from the oral mass were stained using
Heidenhain’s azan trichrome stain for visualization of collagen
fibers and alcian blue stain (0.1%; pH 2.5) for detection of
mucinous components (17, 18). Immunohistochemistry (IHC)
was used for the detection of vimentin (mesenchymal cells;
clone V9, 1:100, Dako, Hamburg, Germany; catalog no. M0725),
alpha-smooth muscle actin (smooth muscle cells; alpha-SMA;
1:200 Dako, Hamburg, Germany; catalog no. M0851), CD31
(endothelial cells; 1:100; Acris, Herford, Germany; catalog no.
AP15436PUM), factor VIII-related antigen (endothelial cells;
FVIIIrA; 1:500; Dako, Hamburg, Germany; catalog no. A0082)
as well as Prospero homebox protein-1 (lymphatic endothelial
cells; Prox-1; 1:200; ReliaTech, Braunschweig, Germany; catalog
no. 102-PA30S) and carried out as described before (19).

At necropsy the animal was in a good nutritional condition.
An ∼10 x 7 x 7 cm large, firm, elastic swelling of the right
mandible (Figure 1A, white star) localized at the diastema was
found. The mass was covered by gingiva and caused a protrusion
of the mandibular bone with consecutive loss of Pd2 (Figure 1B).
The multinodular oral growth exhibited extensive ulceration.
Moreover, it compressed and displaced the surrounding osseous
tissue. The cut surface of the proliferation was homogenously
red and of gelatinous consistency (Figure 1C). Corresponding
changes were also detected in CT images (Figure 1D). On the
right side of the tongue, affecting the middle to caudal third,
there was a focal, brownish, moderately hyperkeratotic area of
∼10 x 2 cm. At the left cranial aspects of the tongue, there were
multifocal ulcerations, most likely resulting from trauma due to
tooth bites. The right mandibular lymph node measured 8 x 2.5
x 2.5 cm. Moreover, there was a 6 x 1 x 0.4 cm sized ulceration at
the margo plicatus of the stomach.

FIGURE 1 | Swelling on the right mandible (A; white star) of a foal, showing

extensive growth and consecutive loss of the first deciduous premolar (B). The

cut surface was reddish and of gelatinous consistency (C). Transverse CT

image of the oral mass involving the right mandible (D; arrow).
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FIGURE 2 | Histochemically and immunohistochemically, the swelling was composed of a dense meshwork of vascular structures of variable calibers partly divided by

collagenous fibers (A; inset shows a representative section in Heidenhains’s trichrome stain). Predominantly thin-walled, venous vessels (arrowheads) and fewer small

capillary structures (stars) with single interspersed thick-walled, arterial vessels (arrow) could be detected within a slightly mucinous stroma (B; inset shows a

representative section in alcian blue stain). Vascular walls stained highly positive for factor VIII-related antigen (C) as well as for CD31 (D), indicating a proliferation of

blood vessels.

Histologically, a focally extensively ulcerated vascular
proliferation consisting of variably sized vessels embedded
in a loosely arranged, edematous, slightly mucinous, and
collagenous stroma (Figures 2A,B) was observed. Alcian blue
and Heidenhains’s trichrome staining served to confirm the
mucinous and collagenous nature of the stroma. Predominantly
venous, thin-walled vascular structures, characterized by large
lumina ranging from ∼10µm up to 200µm in diameter,
were found within the mass. The vast majority was filled with
variable numbers of erythrocytes, partly containing fibrin
thrombi. Vascular walls were lined by 1–2 layers of concentrically
arranged, elongated cells, surrounding well-differentiated,
sometimes slightly plump endothelial cells. Multifocally, vascular
structures were highly branched, partly forming anastomoses
and lateral protrusions, resembling aneurysms. Occasionally
(∼2 per 10 high power fields, magnification 400x), arterial-like
vessels, surrounded by more than 2 concentrical cell layers
with a lumen measuring up to 150µm in diameter were
detected (Figure 2B). Endothelial cells did not exhibit noticeable
anisocytosis or -karyosis or an increased mitotic rate. The vessels
within the mass stained moderately positive for vimentin, and
highly positive for FVIIIrA (Figure 2C), CD31 (Figure 2D) and
alpha-SMA. Prox-1 was only detected in a very small subset
(<1 per 10 high power fields, magnification 400x) of optically
empty vascular structures. Multifocally within the proliferation
there were areas of newly formed woven bone and an increased

osteoclastic activity at the transition zone to the preexisting
mandibular bone.

The focal brownish area at the tongue exhibited a moderate
parakeratotic hyperkeratosis. The moderate to severe, ulcerative
glossitis of the left side and the ulcerative stomatitis were
confirmed. Furthermore, a severe follicular hyperplasia was
present in the right mandibular lymph node.

Alterations at the tongue were interpreted as direct results
of an impaired masticatory movement due to the oral mass.
Changes of the mandibular lymph node were interpreted as
reactive changes due to the reported inflammatory events within
the oral cavity. The gastric ulcer most likely represents a stress-
related alteration.

DISCUSSION

Besides traumatic events and inflammatory processes,
mandibular swellings in horses can be caused by non-
neoplastic or neoplastic growths (3). One more frequently
seen oral tumor-like lesion in young horses is equine juvenile
mandibular ossifying fibroma (OF), a fibro-osseous growth
that commonly affects horses less than one year of age (20–
22). Macroscopically, OF is barely distinguishable from the
presented vascular proliferation. Histologically, however, OF
shows characteristic features with proliferation of a cell-rich
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fibroblastic stroma next to osteoblastic cells surrounding islands
of osteoid and bone. Therefore, histologic examination served
as major distinguishing criterion to exclude this diagnosis in
the presented case. Squamous cell carcinoma is probably the
most common neoplasm at this site but is usually characterized
by invasive growth of epithelial tumor cells (6). Tumors of the
skeletal system are rare in horses, more frequently found in the
axial than the appendicular skeleton and—for the most part—
preferentially occur in adult and older animals (22). However,
osteoma, osteosarcoma, osteoblastoma, chondrosarcoma,
and fibrosarcoma are reported to occur in the mandible (6).
Odontogenic tumors, rare neoplasms in animals by itself, but
more frequently seen in horses, can occur as ameloblastoma,
cementoma, and mixed-cell tumors (6, 23). Ameloblastomas
represent the most common odontogenic tumors in horses with
reports of affected horses ranging from neonatal age to >15
years of age, characterized by a proliferation of palisading and
stellate-shaped epithelial tumor cells (22). Other possible tumors
involving the oral cavity include melanoma, oral papilloma,
epulis, salivary adenocarcinoma and myxoma/myxosarcoma (6).
Non-neoplastic bone masses include, inter alia, fibrous dysplasia,
intraosseous epidermoid cysts, aneurysmal bone cysts and
actinomycosis (22). In the present case, the mandibular growth
was diagnosed as a benign proliferative lesion mainly consisting
of thin-walled, erythrocyte filled blood vessels surrounded by
a thin layer of alpha-SMA positive smooth muscle cells. Due
to the high expression of FVIIIrA and CD31 as well as only
occasionally detectable expression of Prox-1, a proliferation
originating from lymphatic vessels was excluded. Aside from the
before mentioned neoplasms, vascular tumors also constitute
rare events in horses, being predominantly located within the
skin (24). Lymphangiomas and lymphangiosarcomas are very
rare in animals but especially occur as congenital lesions or
at a very young age (25). Intraosseous hemangiomas also are
classified as extremely rare events, whereas hemangiosarcomas
with involvement of osseous structures are described occasionally
(26, 27). There is an ongoing debate whether vascular lesions
have to be called non-neoplastic or rated as benign tumors
resulting in a huge variation regarding terminology between
publications (16, 24). An intraosseous hemangioma has been
described within the distal phalanx of a yearling thoroughbred
colt (28). Differentiation between hemangiomas and vascular
hamartomas is frequently based on the proliferation rate and
the level of maturity of cells (28, 29). Lacking a harmonized
classification system, different terms including hemangiomas
as well as lymphangiomas, hamartomas, (hem)angiomatosis,
proliferative angioma, arteriovenous malformation, vascular
naevus or telangiectatic granuloma have been used (12, 16, 24).
The choice of terminology is primarily restricted by the
histogenesis of the proliferation. Furthermore, it depends on the
histologic appearance, especially on whether there is expansile
or infiltrative growth. Finally, diagnosis largely depends on
whether the investigators want to emphasize a neoplastic or

non-neoplastic as well as a congenital or acquired character.
This inevitably leads to a large variety of terms used for
marginally different, if not similar proliferations. Especially the
term angiomatosis comprises several lesions characterized by
a proliferation of vascular tissues. Some specific syndromes,
like bovine cutaneous angiomatosis, progressive angiomatosis,
or scrotal vascular hamartoma are described in literature,
partly equally being referred to as hamartomas, angiomatosis
or hemangiomas, which is most probably thanks to their
considerable macroscopic and histological overlap (25). The
exact etiology and pathogenesis of the vascular malformations
presented here remains unclear but seems to be congenital in
nature. Due to the already existing entity of juvenile bovine
angiomatosis in the mandible and the undeniable resemblance of
the two lesions, it is proposed to adopt this term also in horses.
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