
Frontiers in Veterinary Science 01 frontiersin.org

Case report: Focal heterotopic 
ossification in paravertebral 
muscles as a cause of neurogenic 
lameness in a dog
Ivo Hajek 1*, Marco Rosati 2, Kaspar Matiasek 2, Michal Babinsky 3, 
Abby Caine 4 and Viktor Palus 5,6

1 Small Animal Referral Centre Sibra, Bratislava, Slovakia, 2 Section of Clinical & Comparative Pathology, 
Centre for Clinical Veterinary Medicine, LMU Munich, Munich, Germany, 3 Veterinary Ambulance, 
UNI-VET, Levice, Slovakia, 4 Dick White Referrals, Cambridgeshire, United Kingdom, 5 Neurovet, 
Trenčín, Slovakia, 6 Faculty of Veterinary Medicine, University of Veterinary Sciences Brno, Brno, 
Czechia

This case report describes a 17-month-old Pudelpointer with recurring motor 
impairment localized to the left thoracic limb. A neurological exam highlighted 
lameness in that limb, accompanied by pre-scapular swelling. Radiographs 
and magnetic resonance imaging detected an osseous structure in soft tissues 
close to the fifth cervical vertebra, and subsequent surgery uncovered adjacent 
cervical spinal nerve impingement. Histology of the bony structure revealed 
heterotopic ossification in paravertebral muscles. Mild bone re-formation 
at the operating site was detected after a 2-year period, but the patient was 
asymptomatic. This article reports the first case of heterotopic ossification with 
spinal nerve entrapment in a dog and adds a new differential diagnosis to the 
causes of neurogenic lameness in dogs.
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Introduction

Heterotopic ossification (HO), also known as paraosteoarthropathy, myositis ossificans, 
and heterotopic calcification, is defined as the abnormal formation of mature lamellar 
extraskeletal bone in soft tissues, such as skeletal muscles, articular capsules, ligaments, and 
tendons (1–3). In human medicine, HO is divided into two major types—acquired and genetic 
(4). The acquired form is the most frequent, is closely associated with tissue trauma in 75% of 
cases, and can be seen after joint surgery, musculoskeletal or central nervous system injury, 
and burns (5, 6). Many cases have a benign course; however, they may cause inflammation, 
pain, or functional changes (7). In dogs and cats, the incidence of HO is low, and case reports 
from the last 50 years are sparse. In dogs, HO was associated with changes around the hip 
joints or with traumatic events; in cats, the multifocal progressive fibrodysplastic changes 
resembling human cases have been described (8–21). The aim of this report is to describe the 
diagnostic imaging and histopathologic features of a canine case of HO lesion in paravertebral 
muscles with associated spinal nerve impairment.
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Case description

A 17-month-old 25 kg intact female Pudelpointer was referred 
with intermittent (several months duration) left thoracic limb 
lameness with no obvious signs of pain. The patient was a pet; there 
was no history of trauma, and there were no similar symptoms in 
parents or littermates. Prior episodes of left shoulder edema and 
abscessation were described, requiring repeated draining, flushing, 
and antimicrobial therapy. Physical examination during 
presentation detected left-sided pre-scapular swelling sensitive to 
palpation. A complete neurologic examination revealed left 
thoracic limb monoparesis with lameness grade 2/5, decreased 
flexor reflex, and postural reactions in the affected limb, indicating 
a lower motor neuron lesion. Neuroanatomic localization was 
consistent with a left-sided brachial plexus or ventral horn gray 
matter lesion localized between the sixth cervical (C6) and the 
second thoracic (T2) spinal cord segments. Differential diagnoses 
included inflammatory, traumatic, anomalous, neoplastic, and 
degenerative diseases with local soft tissue reactions. All 
parameters from the complete blood count (ProCyte Dx 
Hematology analyzer) and serum biochemical analysis (Cobas c 
111 analyzer) were within normal limits. Diagnostic imaging 
included conventional radiography and MRI of the C1-T2 spine 
and paravertebral tissues on the left. On radiographs, an irregularly 
marginated, angular mineral opacity was located adjacent to the 
left transverse process of the fifth cervical vertebra (Figure 1). This 
transverse process was blunted and irregular, tessellating with the 

region of soft tissue mineralization. Marked soft tissue swelling was 
identified around the mineralization.

An MRI was performed under general anesthesia using a 0.18 T 
Esaote Vet-MR unit. Multiplanar T2-weighted (T2W), T1-weighted 
(T1W), and Gradient echo (GE) sequences of the cervicothoracic 
region were acquired (T1W: TR: 1120, TE: 26, FA: 90, ST: 4; T2W: TR: 
3990, TE: 100, FA: 90, ST 4; T2*: TR: 1220, TE: 28, FA: 40, ST: 4). 
Additional T1W images were performed following intravenous 
administration of a gadolinium-based contrast medium (Omniscan, 
GE Healthcare AS, NO, 0.1 mmol/kg). MRI images revealed an 
angular structure (10 × 11 × 16 mm) seen in the soft tissues lateral to 
the left side of the C5 vertebra. This had a signal void thin margin with 
the appearance of bone cortex and a core that was isointense to bone 
marrow on T2W, T1W, and GE T2* images. This mineralized structure 
mimicked the appearance of bone yet lay within the muscle belly. The 
surrounding muscle itself was heterogenous, and there was a large 
accumulation of fluid content noted in the overlying subcutaneous 
tissues measuring up to 10 × 2.7 cm—mostly the content of this cystic 
lesion was T1W hypointense and T2W hyperintense; however, the 
core was T2W/T2* hypointense (T2W images were partially disrupted 
by metal artifact caused by the microchip). Some contrast 
enhancement was noted in the muscle surrounding the mineralized 
structure, and further enhancement was not

ed in the right (dependent) aspect of the fluid pocket (Figure 1). 
Due to the appearance of “bone,” the mineralized structure was 
considered consistent with HO (with differentials for a mineralized 
focus including dystrophic mineralization from a trauma, 

FIGURE 1

Upper left: Ventrodorsal radiograph of the cervical region: The mineralized lesion is close to the left transverse process of C5 (red arrow), with the 
blunted tip of the transverse process appearing to mold around the mineralized lesion. Upper right and lower images: T2W, T1W (lower left), and 
T1W  +  C (lower right) transverse MRI images: An angular structure is seen in the soft tissues lateral to the left side of the C5 vertebra. This has a signal 
void thin margin with the appearance of bone cortex and a core that is isointense to bone marrow (red arrow). The surrounding soft tissues are 
heterogeneous. Note also how there is a large area of surrounding soft tissue swelling cranial to the left shoulder (blue star).
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osteochondromatosis, chondroma/sarcoma, paraosteal osteosarcoma, 
or calcinosis circumscripta). The cystic lesion was considered to be a 
complex cyst/seroma with a hemorrhagic component, a hematoma, 
or potentially an abscess.

Surgery was performed. The patient was placed in right lateral 
recumbency with thoracic limbs tied caudally; a skin incision was 
made over the mass, and the sternohyoideus and sternooccipitalis 
muscles were retracted. First, the firm capsule over the osseous mass 
was dissected. The fluid was drained, and the bony structure was 
exposed. Fluid and tissue samples from the lesion were submitted for 
aerobic and anaerobic cultures that had negative growth. The lesion 
was attached to the latissimus cervicis muscle and had loose, fibrous 
attachment to the left transverse process of the C5 vertebra. The left 
C6 spinal nerve was embedded in the osseous mass. The mass was 
dissected, freed from the fibrous attachment, and removed as one 
piece. The entrapped spinal nerve was meticulously and gently 
dissected, freed, and cleared from the osseous mass. The tissues at the 
site were sutured, and the wound was closed routinely. The excised 
tissue was submitted for histopathological examination. It measured 
12 × 18 × 12 mm and appeared partially encapsulated with an irregular 
surface and white to light brown color. It was firm and gritty to cut 
(Figure 2A). Staining techniques used were hematoxylin–eosin (HE) 
and Giemsa. Microscopically, it presented as a well-circumscribed 
partially encapsulated, multiloculated formation of fully differentiated 
woven bone fading into more mature lamellar bone. Bone spicules 
were coated by a hypercellular osteoblastic lining peppered with some 
osteoclasts. The endosteal compartment showed central 
hematopoietically active red bone marrow. The capsule consisted of 
thick bundles of parallel-oriented, poorly cellular fibrocollagenous 
tissue that came into direct contact with lamellar bone. Along the 
capsule, there was a marked proliferation of blood vessels, both 
arteries and veins, with occasional cavernous spaces filled with 
amorphous, slightly eosinophilic material, and a variable amount of 
intraluminal red blood cells resembling vascular hamartoma. The 
blood vessel walls appeared moderately thickened, with prominent 
smooth muscle cells. Oligofocal metaplastic cartilage formation was 

observed in one section. The skeletal muscle outside the capsule 
appeared mild to moderately atrophic without evidence of 
inflammatory infiltrates. The morphological diagnosis was an 
intramuscular, mature HO with vascular hamartoma (Figure 3). Post-
surgery radiographs detected a dense residual tissue (suspected to 
be the rest of the firm capsule), confirming that HO had probably not 
been completely removed (Figure 2B). Within 1 month post-surgery, 
the lameness fully resolved. Two years later, an osseous lesion of 8 mm 
in size was detected on routine follow-up radiographs at the surgery 
site; however, there were no associated clinical signs (Figure  4). 
Neurological examination findings at these follow-up time points 
were normal.

Discussion

HO within the skeletal muscles is in human medicine typically 
described as fibrodysplasia ossificans progressiva (genetic form) and 
myositis ossificans traumatica or circumscripta (acquired form), the 
mechanism of which is not fully understood and is mostly suspected 
to be secondary to trauma. In cases of both genetic and acquired 
forms, a recurrence of lesion after surgical excision is common, as 
was observed in the described case report 2 years following the 
surgery. Periodical recheck radiographs were obtained because the 
residual tissue suggested possible regrowth and a general potential 
for HO recurrence. Another excision will follow if necessary (20). HO 
in dogs is rare, with most reported cases affecting hip joints and the 
appendicular muscles (9, 10, 21, 22). One similar report of HO close 
to the cervical spine in a dog with lameness was published, but no 
connection with neural structures was mentioned (8). In the case 
presented here, the combination of diagnostic imaging and 
histopathology was consistent with reports of HO in human 
medicine. A combination of imaging modalities (CT, MRI, and 
Doppler ultrasound) is used in HO diagnostic procedures in people. 
In our case, we used a combination of radiographs and MRI, where 
matured HO presents as a cancellous fat that is hyperintense on T1W 

FIGURE 2

(A) Removed bony structure. (B) Post-surgical ventrodorsal radiograph of the cervical region with a small amount of residual tissue suspected 
incomplete lesion capsule removal (red ellipse and arrow).
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and T2W images outlined by the hypointense cortical bone, which 
can be considered diagnostic. In this case, the HO was diagnosed at 
a later stage, when trabecular bone had formed. In people (compared 
to veterinary medicine), radiographic and histologic features of 
earlier HO stages (which have different characteristics) have also 
been described. Therefore, when MRI detects a mature HO, no 
further imaging is necessary. On the other hand, MRI of earlier stages 
of HO has a great advantage in excluding other differential 
diagnoses—recognizing MRI patterns in HO could be very beneficial 
in the early phases as the condition is commonly misdiagnosed for 
osteomyelitis or malignancies such as sarcomas (23–26). The 

histologic features mirrored radiographic findings—the early lesion 
shows very cellular sheets of plump fibroblasts, the cells are spindle-
shaped or stellate, and they seem to float in a myxoid extracellular 
matrix. One week later, seams of osteoid appear in the peripheral 
portions. In human medicine, because of dense cellularity and 
osteoid production, lesions at this stage of evolution have been called 
“pseudomalignant osseous tumors of soft tissue” (27–29). Despite the 
high cellularity and mitotic figures, cytological atypia and abnormal 
mitoses are absent. A characteristic feature of HO is the entrapment 
of skeletal muscle in the peripheral portions of the mass. Six weeks 
later, the outer portion of the mass shows dense lamellar bone 
arranged as a pseudocortex. Six months to a year later, lesions evolve 
into the thick, mature trabecular bone. Bone marrow may also 
be present in older lesions. Complications of HO can develop as a 
restriction of movement of adjacent joints, and occasionally a lesion 
may impinge on an adjacent nerve, a pathology up to this date 
described only in cats (sciatic and other major nerves were encased 
in progressive fibrodysplasia ossificans cases) and humans (11, 30). 
Four factors are theorized as necessary in the pathogenesis of 
non-genetic HO (31). First, there must be a primary insult, usually 
an episode of trauma that may form a hematoma. Often, the injury is 
minimal and consists of only a few torn muscle or collagen fibers. The 
second factor is a signal from the site of injury—this signal is most 
probably a protein secreted from cells of the injured tissue or from 
inflammatory cells arriving in response to the tissue injury. Third, 
there must be a supply of mesenchymal cells—genes that synthesize 
osteoid and chondroid material are activated and cause these 
mesenchymal cells to differentiate into osteoblasts or chondroblasts—
HO formation may occur anywhere in these soft tissues, and sites 
include skeletal muscles and perivascular and fibrous tissues. Finally, 
a necessary environment that is conducive to the continued 
production of heterotopic bone must be  present. Of these four 
factors, signaling agents appear to play the most important role in the 
formation of heterotopic bone, and recent progress has been made in 
the understanding of these agents in human medicine (4, 32–37). In 
our case, the owner did not describe any traumatic event, but an 
injury during the first year of life may be speculated. Although HO 
may develop spontaneously, the process is initiated by trauma in 
60–75% of cases in humans. HO was first described during World 
War I as a consequence of blast injuries and remains a major cause of 
morbidity in soldiers returning from conflicts in Iraq and Afghanistan 
(38–41). A distinctive feature is lesion maturation, which is apparent 
clinically, radiologically, and histologically. Our patient had episodes 
of swelling, pain, and signs of inflammation in the history, which is 
consistent with tissue irritation and HO maturation over several 
months. A large soft tissue swelling was evident prior to the surgery. 
The fluid-filled component, with variable tissue characteristics, may 
represent part of a hematoma, which is described as being seen in the 
early phases due to hemorrhage (42). HO in human medicine is 
staged using several classification methods, none of which are used 
in veterinary medicine. Nevertheless, the paravertebral area is 
suspicious for post-traumatic HO evolution in our case (43–46). 
Nerve compression or impingement has been described in stenotic 
disorders or traumatic events, typically spinal nerves of the 
lumbosacral region and obturator or sciatic nerves after pelvic 
fractures or surgeries (47–49). Cases of HO with nerve compression 
or impingement have not yet been published in dogs in any location 
along the vertebral column. In the case presented herein, the left C6 

FIGURE 3

Representative photomicrographs of the heterotopic ossification 
stained with hematoxylin–eosin (A) and Giemsa (B). The mass 
presents well-differentiated bone spicules (BS) and is confined by a 
periosteum-like pseudocapsule (PC). Toward the endosteal 
compartment, there is a layer of osteoblasts (OB). The newly formed 
bone further contains hematopoietically active bone marrow (BM), 
interrupted by fat vacuoles. The scale bars indicate the level of 
magnification. HE: hematoxylin–eosin; Gie: Giemsa.

FIGURE 4

Ventrodorsal radiograph of the cervical region with a small osseous 
lesion after 2  years from the surgery (red ellipse).
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spinal nerve was compressed; this nerve is part of suprascapular, 
subscapular, and musculocutaneous nerves, and consequently, the 
flexor reflex of the affected thoracic limb is weakened, as was in our 
patient. The main limitation of the article is the lack of visual direct 
proof demonstrating nerve entrapment, such as an intraoperative 
image or sufficient MRI detail to visualize the nerve. Nevertheless, 
the neurological exam, MRI lesion localization, surgical findings, and 
resolution of the neurological deficits following surgery are all 
consistent with the nerve entrapment described in this case. To the 
authors´ knowledge, this is the first report of HO in paravertebral 
muscles with nerve impingement or entrapment causing neurogenic 
lameness in dogs (50).

Data availability statement

The original contributions presented in the study are included in 
the article/supplementary material, further inquiries can be directed 
to the corresponding author.

Ethics statement

Ethical review and approval was not required for this article 
because we  are presenting a case study with routine neurological 
diagnostic testing (spinal MRI) and surgery approved by the owner. 
We did not perform any experimental treatment.

Author contributions

IH: Writing – original draft. MR: Writing – review & editing. KM: 
Writing – review & editing. MB: Writing – review & editing. AC: 

Writing – review & editing. VP: Supervision, Writing – review & 
editing.

Funding

The author(s) declare that no financial support was received for 
the research, authorship, and/or publication of this article.

Acknowledgments

The authors would like to thank the owner of the dog for 
consenting to the publication of this report.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

The author(s) declared that they were an editorial board member 
of Frontiers, at the time of submission. This had no impact on the peer 
review process and the final decision.

Publisher's note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

References
 1. Naraghi FF, DeCoster TA, Moneim MS, Miller RA, Rivero D. Heterotopic 

ossification. Orthopedics. (1996) 19:145–52. doi: 10.3928/0147-7447-19960201-10

 2. Xu Y, Huang M, He W, He C, Chen K, Hou J, et al. Heterotopic ossification: clinical 
features, basic researches, and mechanical stimulations. Front Cell Dev Biol. (2022) 
10:770931. doi: 10.3389/fcell.2022.770931

 3. Cipriano CA, Pill SG, Keenan MA. Heterotopic ossification following traumatic 
brain injury and spinal cord injury. J Am Acad Orthop Surg. (2009) 17:689–97. doi: 
10.5435/00124635-200911000-00003

 4. Mujtaba B, Taher A, Fiala MJ, Nassar S, Madewell JE, Hanafy AK, et al. Heterotopic 
ossification: radiological and pathological review. Radiol Oncol. (2019) 53:275–84. doi: 
10.2478/raon-2019-0039

 5. Lipscomb AB, Thomas ED, Johnston RK. Treatment of myositis ossificans traumatica 
in athletes. Am J Sports Med. (1976) 4:111–20. doi: 10.1177/036354657600400304

 6. Kornhaber R, Foster N, Edgar D, Visentin D, Ofir E, Haik J, et al. The development 
and impact of heterotopic ossification in burns: a review of four decades of research. 
Scars Burn Heal. (2017) 3:2059513117695659. doi: 10.1177/2059513117695659

 7. Popovic M, Agarwal A, Zhang L, Yip C, Kreder HJ, Nousiainen MT, et al. 
Radiotherapy for the prophylaxis of heterotopic ossification: a systematic review and 
meta-analysis of published data. Radiother Oncol. (2014) 113:10–7. doi: 10.1016/j.
radonc.2014.08.025

 8. Guilliard MJ. Fibrodysplasia ossificans in a German shepherd dog. J Small Anim 
Pract. (2001) 42:550–3. doi: 10.1111/j.1748-5827.2001.tb06026.x

 9. Dueland RT, Wagner SD, Parker RB. von Willebrand heterotopic 
osteochondrofibrosis in Doberman pinschers: five cases (1980-1987). J Am Vet Med 
Assoc. (1990) 197:383–8. doi: 10.2460/javma.1990.197.03.383

 10. Liu SK, Dorfman HD. A condition resembling human localized myositis ossificans in 
two dogs. J Small Anim Pract. (1976) 17:371–7. doi: 10.1111/j.1748-5827.1976.tb06973.x

 11. Warren HB, Carpenter JL. Fibrodysplasia ossificans in three cats. Vet Pathol. (1984) 
21:495–9. doi: 10.1177/030098588402100507

 12. Dillon EA. Traumatic myositis ossificans in a dog. N Z Vet J. (1988) 36:152–3. doi: 
10.1080/00480169.1988.35516

 13. Valentine BA, George C, Randolph JF, Center SA, Fuhrer L, Beck KA. 
Fibrodysplasia ossificans progressiva in the cat. A case report. J Vet Intern Med. (1992) 
6:335–40. doi: 10.1111/j.1939-1676.1992.tb00366.x

 14. Yabuzoe A, Yokoi S, Sekiguchi M, Momoi Y, Ide K, Nishifuji K, et al. Fibrodysplasia 
ossificans progressiva in a Maine coon cat with prominent ossification in dorsal muscle. 
J Vet Med Sci. (2009) 71:1649–52. doi: 10.1292/jvms.001649

 15. Klang A, Kneissl S, Glänzel R, Fuchs-Baumgartinger A. Imaging diagnosis: 
fibrodysplasia ossificans progressiva in a cat. Vet Radiol Ultrasound. (2013) 54:532–5. 
doi: 10.1111/vru.12040

 16. Asano K, Sakata A, Shibuya H, Kitagawa M, Teshima K, Kato Y, et al. Fibrodysplasia 
ossificans progressiva-like condition in a cat. J Vet Med Sci. (2006) 68:1003–6. doi: 
10.1292/jvms.68.1003

 17. Jacobsen KL, Wiebe V, Davidson AP, Murphy BG, Pool JRR. Use of Enrofloxacin 
and hydrotherapy in the Management of Fibrodysplasia Ossificans Progressiva (FOP) 
in a Savannah cat. Top Companion Anim Med. (2023) 52:100757. doi: 10.1016/j.
tcam.2022.100757

 18. Casal ML, Engiles JB, Zakošek Pipan M, Berkowitz A, Porat-Mosenco Y, Mai W, 
et al. Identification of the identical human mutation in ACVR1  in 2 cats with 
Fibrodysplasia Ossificans Progressiva. Vet Pathol. (2019) 56:614–8. doi: 
10.1177/0300985819835585

 19. Morton BA, Hettlich BF, Pool RR. Surgical treatment of traumatic myositis 
Ossificans of the extensor carpi Radialis muscle in a dog. Vet Surg. (2015) 44:576–80. 
doi: 10.1111/j.1532-950X.2014.12297.x

https://doi.org/10.3389/fvets.2024.1335175
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://doi.org/10.3928/0147-7447-19960201-10
https://doi.org/10.3389/fcell.2022.770931
https://doi.org/10.5435/00124635-200911000-00003
https://doi.org/10.2478/raon-2019-0039
https://doi.org/10.1177/036354657600400304
https://doi.org/10.1177/2059513117695659
https://doi.org/10.1016/j.radonc.2014.08.025
https://doi.org/10.1016/j.radonc.2014.08.025
https://doi.org/10.1111/j.1748-5827.2001.tb06026.x
https://doi.org/10.2460/javma.1990.197.03.383
https://doi.org/10.1111/j.1748-5827.1976.tb06973.x
https://doi.org/10.1177/030098588402100507
https://doi.org/10.1080/00480169.1988.35516
https://doi.org/10.1111/j.1939-1676.1992.tb00366.x
https://doi.org/10.1292/jvms.001649
https://doi.org/10.1111/vru.12040
https://doi.org/10.1292/jvms.68.1003
https://doi.org/10.1016/j.tcam.2022.100757
https://doi.org/10.1016/j.tcam.2022.100757
https://doi.org/10.1177/0300985819835585
https://doi.org/10.1111/j.1532-950X.2014.12297.x


Hajek et al. 10.3389/fvets.2024.1335175

Frontiers in Veterinary Science 06 frontiersin.org

 20. De Paolo M, Gracis M, Lacava G, Vapniarsky N, Arzi B. Management of bilateral 
pterygoid myositis ossificans-like lesion in dogs. Front Vet Sci. (2022) 9:992728. doi: 
10.3389/fvets.2022.992728

 21. Vilar JM, Ramirez G, Spinella G, Martinez A. Kinematic characteristics of 
myositis ossificans of the semimembranosus muscle in a dog. Can Vet J. (2010) 
51:289–92.

 22. Tambella AM, Palumbo Piccionello A, Dini F, Vullo C, Rossi G, Scrollavezza P. 
Myositis ossificans circumscripta of the triceps muscle in a Rottweiler dog. Vet Comp 
Orthop Traumatol. (2013) 26:154–9. doi: 10.3415/VCOT-12-02-0029

 23. Zagarella A, Impellizzeri E, Maiolino R, Attolini R, Castoldi MC. Pelvic heterotopic 
ossification: when CT comes to the aid of MR imaging. Insights Imaging. (2013) 
4:595–603. doi: 10.1007/s13244-013-0265-5

 24. Choi YH, Kim KE, Lim SH, Lim JY. Early presentation of heterotopic ossification 
mimicking pyomyositis - two case reports. Ann Rehabil Med. (2012) 36:713–8. doi: 
10.5535/arm.2012.36.5.713

 25. Siegel MJ. Magnetic resonance imaging of musculoskeletal soft tissue masses. 
Radiol Clin North Am. (2001) 39:701–20. doi: 10.1016/S0033-8389(05)70306-7

 26. Chan WP. Magnetic resonance imaging of soft-tissue tumors of the extremities: a 
practical approach. World J Radiol. (2013) 5:455–9. doi: 10.4329/wjr.v5.i12.455

 27. Ogilvie-Harris DJ, Fornasier VL. Pseudomalignant myositis ossificans: heterotopic 
new-bone formation without a history of trauma. J Bone Joint Surg Am. (1980) 
62:1274–83. doi: 10.2106/00004623-198062080-00006

 28. Lagier R, Cox JN. Pseudomalignant myositis ossificans. A pathological study of 
eight cases. Hum Pathol. (1975) 6:653–65. doi: 10.1016/s0046-8177(75)80075-x

 29. Kaplan FS, Gannon FH, Hahn GV, Wollner N, Prauner R. Pseudomalignant 
heterotopic ossification. Clin Orthop Relat Res. (1998) 346:134–40. doi: 
10.1097/00003086-199801000-00020

 30. McCarthy EF, Sundaram M. Heterotopic ossification: a review. Skeletal Radiol. 
(2005) 34:609–19. doi: 10.1007/s00256-005-0958-z

 31. Kaplan FS, Glaser DL, Hebela N, Shore EM. Heterotopic ossification. J Am Acad 
Orthop Surg. (2004) 12:116–25. doi: 10.5435/00124635-200403000-00007

 32. Urist MR. Bone: formation by autoinduction. Science. (1965) 150:893–9. doi: 
10.1126/science.150.3698.893

 33. Kaplan FS. Skin and bones. Arch Dermatol. (1996) 132:815–8. doi: 10.1001/
archderm.1996.03890310101015

 34. Kingsley DM. The TGF-beta superfamily: new members, new receptors, and new 
genetic tests of function in different organisms. Genes Dev. (1994) 8:133–46. doi: 
10.1101/gad.8.2.133

 35. Wozney JM, Rosen V, Byrne M, Celeste AJ, Moutsatsos I, Wang EA. Growth factors 
influencing bone development. J Cell Sci Suppl. (1990) 1990:149–56. doi: 10.1242/
jcs.1990.supplement_13.14

 36. Jones CM, Lyons KM, Hogan BL. Involvement of bone morphogenetic Protein-4 
(BMP-4) and Vgr-1 in morphogenesis and neurogenesis in the mouse. Development. 
(1991) 111:531–42. doi: 10.1242/dev.111.2.531

 37. Nakase T, Nomura S, Yoshikawa H, Hashimoto J, Hirota S, Kitamura Y, et al. 
Transient and localized expression of bone morphogenetic protein 4 messenger RNA 
during fracture healing. J Bone Miner Res. (1994) 9:651–9. doi: 10.1002/jbmr.5650090510

 38. Ranganathan K, Loder S, Agarwal S, Wong VW, Forsberg J, Davis TA, et al. 
Heterotopic ossification: basic-science principles and clinical correlates. J Bone Joint Surg 
Am. (2015) 97:1101–11. doi: 10.2106/JBJS.N.01056

 39. Forsberg JA, Pepek JM, Wagner S, Wilson K, Flint J, Andersen RC, et al. 
Heterotopic ossification in high-energy wartime extremity injuries: prevalence and risk 
factors. J Bone Joint Surg Am. (2009) 91:1084–91. doi: 10.2106/JBJS.H.00792

 40. Potter BK, Forsberg JA, Davis TA, Evans KN, Hawksworth JS, Tadaki D, et al. 
Heterotopic ossification following combat-related trauma. J Bone Joint Surg Am. (2010) 
92:74–89. doi: 10.2106/JBJS.J.00776

 41. Forsberg JA, Davis TA, Elster EA, Gimble JM. Burned to the bone. Sci Transl Med. 
(2014) 6:255fs37. doi: 10.1126/scitranslmed.3010168

 42. Meyers C, Lisiecki J, Miller S, Levin A, Fayad L, Ding C, et al. Heterotopic ossification: 
a comprehensive review. JBMR Plus. (2019) 3:e10172. doi: 10.1002/jbm4.10172

 43. Brooker AF, Bowerman JW, Robinson RA, Riley LH Jr. Ectopic ossification 
following total hip replacement. Incidence and a method of classification. J Bone Joint 
Surg Am. (1973) 55:1629–32. doi: 10.2106/00004623-197355080-00006

 44. Amar E, Sharfman ZT, Rath E. Heterotopic ossification after hip arthroscopy. J Hip 
Preserv Surg. (2015) 2:355–63. doi: 10.1093/jhps/hnv052

 45. Della Valle AG, Ruzo PS, Pavone V, Tolo E, Mintz DN, Salvati EA. Heterotopic 
ossification after total hip arthroplasty: a critical analysis of the Brooker classification 
and proposal of a simplified rating system. J Arthroplast. (2002) 17:870–5. doi: 10.1054/
arth.2002.34819

 46. Schmidt J, Hackenbroch MH. A new classification for heterotopic ossifications in 
total hip arthroplasty considering the surgical approach. Arch Orthop Trauma Surg. 
(1996) 115:339–43. doi: 10.1007/BF00420328

 47. Lichtenhahn V, Richter H, Gödde T, Kircher P. Evaluation of L7-S1 nerve root 
pathology with low-field MRI in dogs with lumbosacral foraminal stenosis. Vet Surg. 
(2020) 49:947–57. doi: 10.1111/vsu.13424

 48. Tong K, Hayashi K. Obturator nerve impingement as a severe late complication of 
bilateral triple pelvic osteotomy. Vet Comp Orthop Traumatol. (2012) 25:67–70. doi: 
10.3415/VCOT-11-03-0039

 49. Jacobson A, Schrader SC. Peripheral nerve injury associated with fracture or 
fracture-dislocation of the pelvis in dogs and cats: 34 cases (1978-1982). J Am Vet Med 
Assoc. (1987) 190:569–72.

 50. Kerwin SC, Taylor AR. Neurologic causes of thoracic limb lameness. Vet Clin 
North Am Small Anim Pract. (2021) 51:357–64. doi: 10.1016/j.cvsm.2020.12.003

https://doi.org/10.3389/fvets.2024.1335175
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://doi.org/10.3389/fvets.2022.992728
https://doi.org/10.3415/VCOT-12-02-0029
https://doi.org/10.1007/s13244-013-0265-5
https://doi.org/10.5535/arm.2012.36.5.713
https://doi.org/10.1016/S0033-8389(05)70306-7
https://doi.org/10.4329/wjr.v5.i12.455
https://doi.org/10.2106/00004623-198062080-00006
https://doi.org/10.1016/s0046-8177(75)80075-x
https://doi.org/10.1097/00003086-199801000-00020
https://doi.org/10.1007/s00256-005-0958-z
https://doi.org/10.5435/00124635-200403000-00007
https://doi.org/10.1126/science.150.3698.893
https://doi.org/10.1001/archderm.1996.03890310101015
https://doi.org/10.1001/archderm.1996.03890310101015
https://doi.org/10.1101/gad.8.2.133
https://doi.org/10.1242/jcs.1990.supplement_13.14
https://doi.org/10.1242/jcs.1990.supplement_13.14
https://doi.org/10.1242/dev.111.2.531
https://doi.org/10.1002/jbmr.5650090510
https://doi.org/10.2106/JBJS.N.01056
https://doi.org/10.2106/JBJS.H.00792
https://doi.org/10.2106/JBJS.J.00776
https://doi.org/10.1126/scitranslmed.3010168
https://doi.org/10.1002/jbm4.10172
https://doi.org/10.2106/00004623-197355080-00006
https://doi.org/10.1093/jhps/hnv052
https://doi.org/10.1054/arth.2002.34819
https://doi.org/10.1054/arth.2002.34819
https://doi.org/10.1007/BF00420328
https://doi.org/10.1111/vsu.13424
https://doi.org/10.3415/VCOT-11-03-0039
https://doi.org/10.1016/j.cvsm.2020.12.003

	Case report: Focal heterotopic ossification in paravertebral muscles as a cause of neurogenic lameness in a dog
	Introduction
	Case description
	Discussion
	Data availability statement
	Ethics statement
	Author contributions

	References

