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ABSTRACT

Multiple exostosis (ME) is a disease that can affect the musculoskeletal system of

different species. In canines, it presents benignly and infrequently, but also its

etiology is still poorly understood. ME has been described in dogs after the

growth phase as being related to an alteration of the EXT1 or EXT2 genes,

associated with the secretion of heparan sulfate, a connective tissue component

necessary for developing cartilage and bone. We report a case of multiple

exostosis in a six-month-old Akita dog. Some clinical signs such as

thoracolumbar pain, ataxia, and paraparesis, were detected. The patient

manifested an increased patellar reflex in the lower limb and bilateral patellar

dislocation during the examination. Thoracolumbar tomography revealed a
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thickening of the L1 vertebra, indicating an aberrant bone formation in the

spinous process in its distal region, which caused spinal cord and nerve root

compression. Decompressive corpectomy surgery removed abnormal bone

growths, improving the symptoms.

Keywords: canine, biopsy, EXT1, and EXT2 genes, multiple exostosis, tomography.

Multiple exostosis (ME) is a benign disease that affects the locomotor system. ME

has also been called osteochondromatosis, osteocartilaginous exostosis,

osteochondroma, hereditary dyschondroplasia deformans, and diaphyseal

aclasis,  characterized by a proliferative condition in bone and cartilage.

Abnormal cartilage growth with bone overlay can be noted in the epiphyseal or

subarticular plates.  This proliferative condition, where the type of endochondral

ossification is located, can occur in vertebrae, rib, long bones, and pelvis of

animals like dogs, horses, and cats, being more frequent in humans. In some

cases, this benign disease can transform into malignant.  Literature poorly

describes ME in canine, only in cases after the growth phase. Here, it is essential

to highlight that connective tissue components, specifically proteoglycan, have

been associated with a heparan sulfate (HS) problem. HS is responsible for

regulating the development of cartilage and bone by interacting with bone

proteins.  Such specific mechanisms of this disease are still unknown. However,

some authors have recently described a mutation in the EXT1 or EXT2 genes that

encode the glycosyltransferase enzyme responsible for the synthesis of HS.

The treatment of choice for exostosis, especially in cases where there is a nerve

compression or pain, is surgery. However, a study conducted in rats showed that

Palovarotene, a retinoic acid receptor selective agonist, can inhibit the formation

of osteochondroma in rats with the EXT 1 gene mutation.  Other therapeutic

targets are also being studied, such as heparanase, the enzyme responsible for

breaking the HS chain. Inhibitors of this enzyme such as SST0001 have shown

promising in vitro results in preventing disease progression in humans.

A 6-month-old male canine, Akita breed, 20 kg of weight, was admitted for

consultation. The clinical examination revealed paraparesis, ataxia, and
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thoracolumbar pain. After three months, it presented paraplegia. Clinical signs at

the consultation time were increased patellar reflex in pelvic limbs and bilateral

patellar dislocation. The laboratory tests regarding hematology and blood

chemistry were within normal ranges, with a slight platelet decrease.

Subsequently, radiology examinations were performed on the right and left

pelvic limbs, medially and laterally, and in the abdominal pelvic region,

ventrodorsal position. Concerning the left coxofemoral joint, a slight thickening

was observed in the neck of the femur, with signs of dislocation. 

In the tomography examination of the thoracolumbar region, in different views

(Fig. 1a and 1b), thickening of the L1 vertebra was observed, which shows

abnormal bone growth in the region of the spinous process and distal region of

the vertebra, which caused compression of the spinal cord and nerve root.

Figure 1



Finally, a decompressive corpectomy surgery was performed on the affected

vertebra, and biopsy samples were taken and sent for histopathological study.

Differentiated bone tissue was observed with lacunae and osteocytes, hyaline

cartilage with endochondral-type bone growth zones, and hematopoietic tissue

(Fig. 1e and 1f).

After performing all the exams, the Multiple Exostosis diagnosis coincided with

the characteristics reported by different authors. This disease has also been



called osteochondromatosis, osteocartilaginous exostosis, osteochondroma,

hereditary dyschondroplasia deformans, and diaphyseal aclasis.

Multiple exostosis has been characterized by irregular bone formation at the level

of the epiphyseal or subarticular plates that infrequently occurs in various

animals such as horses, cats, dogs, and frequently in humans.  The age for its

appearance is in the development stage, the phase where the musculoskeletal

system is fully developed. It coincides with the dog evaluated in this case

report, aged six months old.

The symptomatology presented by the patient in this case report was

thoracolumbar pain, ataxia, paraparesis, and, after three months, paraplegia.

Different exams were performed, including radiographs, ultrasound scans, and,

later in time, spinal decompression surgery. As for the complete hematology and

blood chemistry, the exams were in the normal range, coinciding with previous

literature.

Other similar reports from different periods have been published. In 1970,

Dingwall et al. reported that an eight-month-old white Boxer dog was brought to

the clinic with multiple injuries to various parts of the skeleton, such as

protuberances in the costochondral area of the ribs, distal end of the tibia of the

right pelvic limb and the right distal end of the thoracic limb. 

A 3-month-old Mongrel puppy treated at the Veterinary Hospital of the University

of Caldas was described presenting symptoms of posterior limb paresis. After

several evaluations, multiple bone lesions with irregular growths throughout the

thoracolumbar region were observed and diagnosed as multiple exostosis.

A 5-month-old Swiss Mountain female canine presented for clinical evaluation

with hind limb abnormalities. The orthopedic examination revealed claudication

and bone thickening at the metatarsal phalanx level of digits II and III. Blood

tests within normal limits showed a slight increase in calcium and phosphorus

levels, considered normal for the animal’s age. The X-ray, ultrasound, and

tomography tests coincided with multiple exostosis. Surgery was also performed

due to moderate spinal cord compression in the patient.
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Most cases of multiple exostosis are related to mutations in EXT1 or EXT2,

signaling proteins that encode glycosyltransferase enzymes responsible for

heparan sulfate synthesis, leading to its deficiency and function loss.

Heparan sulfate is an essential component of the matrix associated with

proteoglycans. Due to its sulfation patterns, the chains of this substance interact

with many signaling proteins and regulate their distribution. As an essential

bone system component, morphogenetic proteins are expressed in growth

plates.

Hereditary multiple exostosis results from dominant heterozygous alterations

that lead to functional loss in the EXT1 or EXT2 genes that encode the

glycosyltransferase enzymes associated with the Golgi apparatus, responsible for

heparan sulfate biosynthesis.  Some patients do not carry the pathogenic

variants in these genes; therefore, somatic mutations, intronic variants in these

genes, or the involvement of other genes or loci are suggested. For this reason,

further research studies are necessary in this regard to explain the mechanisms

of this disease.

Multiple exostosis is a rare disease in dogs that affects endochondral growth

bones such as long bones, ribs, and vertebrae. It occurs in the early stages of

development, and, although its etiology is still poorly understood, it has been

related to mutation of the EXT1 or EXT2 genes. It is essential to follow up through

X-rays, CT scans, and decompressive surgeries, as described in this case report, in

addition to physiotherapy to confer quality of life to the patient. 
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FIGURE LEGENDS Figure 1. Multiple exostosis, thoracolumbar region, dog. (a)

Tomography of the thoracolumbar region: lateral position, thickening, and bone

growth of the L1 region; (b) vertebra L1 with bone thickening of the vertebra in its

distal portion. (c) Tomography 3D reconstruction of the thoracolumbar region:

ventral view; (d) lateral view with higher resolution to observe abnormal bone

regrowth in the lumbar region. (e) Histopathologic features at the L1 level:

differentiated bone tissue with lacunae and osteocytes, hyaline cartilage with

endochondral-type bone growth zones (black arrow); and (f) hematopoietic

tissue.
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