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ABSTRACT

Background: Osteomyelitis is an inflammation of the bone, 
bone marrow, endosteum, periosteum and vascular channels. Chronic 
osteomyelitis can result from inadequate treatment of acute bone 
inflammation, which indicates the importance of rapid and accurate 
diagnosis to better therapeutic conduct of the osteomyelitis being treated. 
Appendicular osteosarcoma is the main primary malignant and non-
hematopoietic osteogenic tumor in dogs. It appears spontaneously in the 
appendicular skeleton with a relevant incidence both in dogs and in human 
children. Unfortunately, it is an aggressive neoplasm with high rates of 
metastasis regardless of the species. The high rate of lethality is due to 
the terrible survival prognosis for patients with lung metastasis and due to 
chemotherapy refractoriness. For human patients, the chemotherapeutic 
treatment, based on a prior anatomopathological diagnosis, results in a 
better rate of survival as it reduces metastases. However, this approach is 
not often explored in veterinary medicine, which features amputation as 
the traditional approach, followed by chemotherapy. 

Objective: Verify the morphological expression of the parameters 
used in the cytopathological diagnosis through fine needle aspiration 
cytology of osteomyelitis and spontaneous osteosarcomas in dogs 
from varying breeds, including mixed-breeds. The study also aims to 
demonstrate that the fine-needle aspiration technique is able to carry out 
efficiently the diagnosis of osteomyelitis as well as canine osteosarcoma.

Methods: This study verified, through optical microscopy, the 
morphological expression of parameters used in the cytopathological 
diagnosis of osteomyelitis and osteosarcomas in twenty dogs of different 
breeds, including mixed-breeds, and then conducted an analysis of 
possible concordances between these parameters. The cytological assay 
was conducted through fine needle aspiration cytology, using Giemsa and 
Papanicolaou stain on the microscope slides. The histopathological assay 
was conducted through the use of biopsies of surgical specimens, which 
were processed according to the standard procedures and stained with 
hematoxylin-eosin. The tumors were classified based on the guidelines 
proposed by the World Health Organization.

Results: There was malignancy criteria significantly repeated both at 
cytopathological and at histopathological assays.

Conclusion: These findings show us that the cytopathological assay 
through aspiration may be used as a trustworthy diagnostic method for 
osteomyelitis and osteosarcomas in dogs..
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INTRODUCTION
Osteomyelitis is an inflammation of the bone, bone marrow, endosteum, periosteum and vascular channels, and can 

be associated with bacterial, fungal and viral diseases [1,2]. According to the medical condition evolution, osteomyelitis can be 
classified as chronic or acute [2]. In animals, osteomyelitis is frequently caused by bacterial infections, and is often predisposed 
by previous trauma [3].

Microscopically, the lesions typically consist of multifocal areas of pleocellular infiltration, including macrophages, 
lymphocytes, plasma cells, neutrophils, and multinucleated giant cells (Figure 1). Lesions are characteristically pyogranulomatous; 
mononuclear cells predominate, being fungal hyphae or intracellular organisms often apparent [4].

Figure 1. Photomicrography of periosteum fine-needle aspiration cytology, showing high quantity of intact or degenerate neutrophils, along with 
activated macrophages and blood cells. Giemsa stain, 400x.

Osteomyelitis diagnosis is often reached by cytological evaluation utilizing special stains, such as India ink, periodic acid-
Schiff (PAS) and silver nitrate. Serological testing can be applied as well, and fungal culture is necessary for definitive diagnosis. 
Radiographic signs must be differentiated form primary or metastatic bone tumors, which can be done by bone biopsy [4]. The main 
differential diagnosis in a middle-age dog of large breeds with lameness and forelimbs enlargement is skeletal osteosarcoma [5].

Treatment for fungal osteomyelitis can be difficult and expensive. Animals typically require long-term antifungal therapy 
(months), some of them requiring lifelong therapy. Amputation may be necessary to resolve local clinical signs, but systematic 
therapy is tried first, Culture and serological testing is required for differential diagnosis of fungal diseases [4].

Chronic osteomyelitis can result from inadequate or delayed treatment of acute bone inflammation, which indicates the 
importance of rapid and accurate diagnosis to better therapeutic conduct of the osteomyelitis being treated [6].

Osteosarcomas (OSAs) or osteogenic sarcomas are, among bone neoplasms, the primary tumors with the highest incidence 
in dogs, as well as in human children, despite being about ten times more frequent in the canine species. This biological similarity 
has been turning dogs into a clinic model for the study of this type of cancer in humans, with several advantages over the study 
model in mice [7-9].

Most OSAs in dogs are malignant, as they may usually cause death through local infiltration, with about 80% of the dogs 
afflicted by OSA dying due to pulmonary metastases [10]. Over 15% of the patients with the clinical symptomatology are detected 
with pulmonary metastasis and it is estimated that over 80% present micro metastases [11].

Characteristically, OSA is found in the metaphyses of long bones and in the appendicular skeleton, with about 25% of the 
cases in dogs affecting the axial skeleton [12]. This neoplasm appear primarily in dogs with long limbs, such as the Irish Wolfhound, 
the Scottish Wolfhound and the Great Dane breeds, as well as in other large and giant breeds such as St. Bernard, Irish Setter, 
Doberman, Rottweiler, German Shepherd and Labrador Retriever, Including mixed-breeds [8-17].

OSAs afflict dogs from middle to old age, with an average age of seven to eight years old. Moreover, males tend to be afflicted 
more than females, but this statement is not a consensus among researchers, and some studies have not noticed any gender 
predisposition [14,18].

The biologic behavior of OSAs is an aggressive local infiltration of the adjacent tissues and a fast hematogenic spread, 
usually to the lungs. Appendicular OSAs usually appear in the distal radius metaphysis, in the distal femur metaphysis and in the 
proximal humerus metaphysis, although other metaphyses may also be affected [19]. 

At the imaging exams, we can observe a mixed lytic-proliferative pattern at the metaphysis of the afflicted bone and an 
adjacent periosteal bone formation, which leads to the development of Codman’s triangle, formed by the cortex of the afflicted 
area and the periosteal proliferation. Just like in humans, pulmonary metastases are the main causes of terminal morbidity, 
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suggesting that over 90% of the canine patients may present microscopic metastases undetectable on imaging techniques during 
the routine [20].

Aside from the patient’s clinical history, a detailed physical examination and radiographic examinations, the diagnosis is 
also based on a cytological assay, with the confirmation often being made through biopsy and histopathological assay [7,21]. The 
case study representativeness of this tumor is low in the Brazilian territory, due mainly to owners’ choice for euthanasia given 
the high cost of the treatment. Therefore, records regarding the disease and other information regarding its clinic and pathologic 
manifestations are lost, both ante and post-mortem [20,22].

According to Ribeiro et al., the early diagnosis of jaw OSA in humans favorably influences the treatment and prognosis of the 
disease, as, with a fast diagnosis and a precise assessment of the tumoral involvement, it is possible to conduct a conservative 
treatment with curative goals and minimal sequelae.

The treatment of OSA consists of amputation or limb-sparing surgery followed with adjuvant chemotherapy with doxorubicin, 
platinum-based drugs, or a combination of both, as well as cisplatin and carboplatin. The average survival of these animals with 
amputation and chemotherapy without metastasis ranges from 165 to 470 days [10,23-26]. With advances in the treatment and 
multi-agent chemotherapy, the prognosis has improved during the last few decades, with an increased survival rate, but the 
prognosis remains bad for patients with pulmonary metastasis or patients with refractory tumors [11].

Canine OSAs share many traits with human OSAs, including wounds of identical appearance, with dogs possibly being used 
as a comparative model [19,20]. Given the frequency in dogs, the canine model for spontaneous OSA has been offering unique 
opportunities towards comprehending the genomic origins of this tumor. This allows both studies regarding the role of metastases 
in the disease and tests with new research drugs that would otherwise take too long to provide results in humans [15].

Regarding morphological microscopic cytopathological characterization, OSA cells are usually round or elliptical, with defined 
cytoplasmic borders, a bright blue granular cytoplasm and eccentric nucleus with or without nucleoli. Giant, multinucleated cells 
are common and often there is an amorphous pinkish material (osteoid) at the slide background or in the osteoplastic cytoplasm 
[27,28]. If the round cells cannot be identified with confidence as osteoblasts, it is possible to conduct, in non-stained slides, a cyto 
chemical stain for alkaline phosphatase (ALP) as osteoblasts are usually ALP positive [21].

The Fine Needle Aspiration Cytology (FNAC) was created in the 1930s with the purpose of diagnosing malignant tumors 
in humans. In animals, the technique began to be employed in the 1980s, aiding in the distinction between hyperplasia, 
inflammations, neoplasms and degenerations [28-31]. OSA FNAC is usually conducted using a bone marrow aspiration needle. In 
most cases, a blunt percutaneous FNAC may be conducted with only manual containment – if the operator cannot penetrate 
the cortex, the ultrasound guide usually allows the visualization of a “window” through which the needle is inserted. The FNAC 
method potentially perfects the cytological sample due to architectural preservation, allowing the creation of paraffin blocks for 
later processing, similarly to a histological sample, which enables the use of histochemical and immunohistochemical adjuvant 
techniques [32].

FNAC can also help in the diagnosis of infectious bone diseases adding crucial information to the establishment of a timely 
diagnosis. Fungi cause the majority of opportunistic bone diseases in the dog, mainly Aspergillus spp. [5].

Although this approach is seldom explored in veterinary medicine, the role of cytology as a diagnostic tool continues to 
expand [7]. The technique has several advantages, such as reliability, a minimally invasive diagnosis, reduced cost in comparison 
to histopathology and fast results, which enables the surgical and therapeutic approach [27,33]. Despite the more specific and 
definitive characteristics related to the diagnosis through histopathology, several authors consider that cytopathology may be 
used as a definitive diagnosis, or at least be considerably helpful. However, there are still several restrictions regarding the 
sensitivity of this method, as the irregular staining and the presence of precipitate or other refracting artifacts [28,30-37].

Ultimately, both techniques continue to be used in complementary diagnoses, illustrating an option between the low degree 
of invasion during sample collection for cytopathology and the higher level of information available to assess tissue architecture 
for histopathology [27].

This study aimed at verifying the morphologic expression of parameters used in the cytopathological diagnosis of osteomyelitis 
and spontaneous OSAs in dogs of several breeds, including mixed-breeds.

MATERIALS AND METHODS
 For this experiment, we used canine osteomyelitis and OSAs diagnosed at the Veterinary Hospital and Veterinary Pathology 

Service at FMVZ – UNESP, Botucatu Campus, Brazil. Patients have, in order to reach a diagnosis, undergone clinical, radiologic, 
surgical and pathological examinations. The presumptive diagnosis was reached by cytological findings and confirmed by 
histopathological findings, as recommended by the World Health Organization – Histological Classification of Bone and Joint 
Tumors of Domestic Animals [38].
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All owners received explanations regarding the procedures of this study, signing a Free, Prior and Informed Consent term. The 
project was approved in a favorable decision at the Ethics Council at FMVZ – UNESP, Botucatu Campus, Brazil.

Regarding the osteomyelitis-affected dog, periosteal samples were obtained by ultrasound guided FNA for cytopathological 
evaluation. The collected material was then spread on histological slides, air-dried, fixed with methanol and Giemsa stained.

In order to acquire a more representative sample, the animal went through bone biopsy and bone marrow aspiration three 
days after. The bone marrow aspiration was submitted to the agarose cell block technique, bacteriological and fungal culture.

The bone biopsy was fixated in 10% formalin and routinely processed, and the samples for cell block of agarose were packed 
in Eppendorf tubes, 70% ethanol fixed, and centrifuged at 3000 rpm for 10 minutes. The supernatant was removed and 2% liquid 
agarose was added. After that, the samples were again centrifuged at 3000 rpm for 10 minutes in order to obtain a solid pellet. 
Finally, the pellet was embedded in paraffin, processed for histopathological evaluation and stained with hematoxylin-eosin (H&E) 
and PAS stain.

The samples of OSA were collected from dogs with defined breeds and mixed-breeds with definitive diagnosis of OSA, totaling 
twenty animals. These animals firstly underwent FNAC of the lesion, followed by excision of the tumor, cytopathological and 
histopathological slides processing and their reading. The final diagnosis of OSA was given by distinct pathologists, and the slides 
were then archived in our Department of Veterinary Pathology. They were once more analyzed in behalf of this study. 

In the cytopathological exam, each tumor was firstly divided in four quarters, followed by FNAC of each one. At least three 
microscope slides were used by quarter. The slides were first fixed through methanol and then stained by Giemsa; in those stained 
by Papanicolaou, 95% alcohol was used instead. All these proceedings were performed by different operators.

In this study, we first verified the quality of the samples, observing staining pattern and cellularity. Then, we then detailed the 
cellular characteristics for the diagnosis of OSA using previously established malignancy criteria for neoplasms as recommended 
by the World Health Organization – Histological Classification of Bone and Joint Tumors of Domestic Animals [38].

RESULTS
 In the present study, we had one case of fungal osteomyelitis affecting the endosteum of both humerus and femur. The dog 

was a female eleven-year old Labrador retriever, weighting 36.2 kg. 

Smears of the periosteal sample showed high cellularity with degenerate and non-degenerate neutrophils in a 3:1 ratio, 
fewer histiocytes and abundant cellular debris on an acidophilic background. Rare osteoblasts, sometimes associated with a 
slight pink and amorphous material (bone matrix) were observed as well. No infectious agents were seen. Initial diagnosis was 
supportive periostitis.

Bone biopsy presented moderate thinning of the bone matrix with diffuse distribution associated with the moderate amount 
of osteocytes, discrete presence of osteoblasts and rare osteoclasts, which established a final diagnosis of osteoporosis.

Cell block samples presented similar cytopathological previously described findings in addition to several PAS positive, 
hyaline, septate and regular hyphae with parallel walls and 45° branching angle, compatible with Aspergillus spp. Microbiological 
culture yielded negative results. The final diagnosis was supportive and mycotic osteomyelitis due to Aspergillus spp.

During the course of 13 months, the animal presented recurrence of the disease and was submitted to splenectomy. After 
biopsy of granular lesions present in the spleen, the diagnosis of fungal granuloma was given by Grocott-Gomori staining.

Twenty dogs participated in the OSA study, with thirteen pure breeds (65%) and seven mixed breeds (35%). The average age 
of the animals was 9.5 years old, and the average weight was 34.8 kg (Tables 1 and 2).

Table 1. Information regarding weight, gender and age of the twenty dogs with OSA.

Characteristics Number of cases % Total

Weight

Small (<10 kg)
Average (10 - 25 kg)
Large (25 - 45 kg)
Giant (45 - 90 kg)

Not weighted

1
2

11
2
4

5,0%
10,0%
55,0%
10,0%
20,0%

Gender Female
Male

11
9

55,0%
45,0%

Age (years)
0 to 5
5 to 7
>= 7

1
3

16

5,0%
15,0%
80,0%

Table 2. Percentage of each breed affected with OSA, based on the thirteen pure breeds found in this study.

Pure Breeds Number of cases % Total
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Rottweiler 7 53,8%
Labrador Retriever 2 15,4%

Weimaranner 1 7,7%
Belgian Shepherd 1 7,7%

Dalmatian 1 7,7%
English Setter 1 7,7%

Total 13 100,0%

We have also analyzed the morphological expression of several diagnostic parameters for OSA in dogs. The malignancy 
criteria included cellularity (low, moderate and high) and cellular arrangement (isolated or cohesive), as well as characteristics 
of the nucleus: presence of a nuclear halo, uniform hyperchromasia, prominent and single nucleolus versus multiple nucleoli, 
nuclear molding, pseudo inclusion, multinucleation, atypical mitosis, enlarged nuclei (karyomegaly), chromatin aspect (finely 
or coarsely aggregated), presence of macro nucleoli and nuclear morphology (rounded, oval and fibrillate). The criteria also 
consider cytoplasmic characteristics such as broad or scarce cytoplasm, presence of vacuoles and pseudopodia, cannibalism, 
basophilia, eosinophilia and cytoplasmic morphology (fibrillate or fusiform); anisocytosis and anisocariosis (discrete, moderate or 
marked); environmental characteristics such as inflammation, immature or mature bone matrix; distribution of mesenchyme cells 
(chondrocytes, osteoblasts and osteoclasts) and presence of platelets. 

We first conducted a quality test on the microscope slides, with none considered inadequate for analysis. The staining 
techniques used in the cytology slides were Giemsa and Papanicolaou.

Criteria such as nuclear halo and pseudo inclusion have not been found in a relevant number, as occurred with criteria such 
as cannibalism and presence of fibroblasts in the microenvironment (Table 3).

Table 3. Anatomical parts afflicted by OSA of twenty dogs. It shows the percentage relating each affected part to its corresponding 
category (appendicular or axial skeleton). 

Location Number of cases % Category % Total
APPENDICULAR 16 100.0% 80.0%

Forelimb 11 68.8% 55.0%
Scapulo-humeral joint 1 6.3% 5.0%

Humerus 6 37.5% 30.0%
Radius/ ulna 2 12.5% 10.0%

Radius/ ulna and carpal bones 2 12.5% 10.0%
Hindlimbs 5 31.3% 25.0%

Femur 2 12.5% 10.0%
Tibia 2 12.5% 10.0%

Femur/ Tibia 1 6.3% 5.0%
AXIAL 4 100.0% 20.0%
Head 3 75.0% 15.0%

Hard palate 2 50.0% 10.0%
Jaw 1 25.0% 5.0%

Isquium 1 25.0% 5.0%
TOTAL 20 --- 100%

We have noted a discrepancy between the diagnosis in the system and the findings of this study. Two cases previously 
diagnosed as osteoblastic OSAs were, in fact, chondrosarcomas, due to the large number of pleomorphic chondrocytes and the 
marked proliferation of the cartilaginous matrix, characteristics of this kind of neoplasm. Another diagnostic discrepancy was a 
wound that was revealed a bone remodeling process, in which cells did not present the expected malignancy criteria such as 
disorganized proliferation of the bone matrix and evident nucleolus.

DISCUSSION
 Although rare, the osteomyelitis diagnosis via cell block cytopathology diagnosis should always be taken into account, as 

seen by the results of this research, especially considering the long-term and difficult treatment of this disease [4]. It should also be 
considered that inadequate and delayed treatments could result in chronic osteomyelitis, which is possibly avoided by the quicker 
diagnosis of the cell block cytopathology technique [6].

Large breeds like Rottweiler’s, Irish Setters and Labrador Retrievers show great predisposition for OSA [8,12,14]. Moreover, 
OSA has more often afflicted bones in the limbs or long bones, representing 85% of the cases, as well as the metaphyses [12]. In 
addition, 55% of the affected animals were large-sized and 10% were giant-sized.

Females have been more afflicted than males, with rates of 55% and 45% respectively. Despite the literature stating that 
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males are more afflicted, there is still no clear consensus among researchers in this respect [14,18]. The average age of the dogs in 
this study was 9.5 years old. According to Vanel and Morello, the average age of animals afflicted by OSAs was between seven and 
eight years old. The discrepancy between literature and this study may be explained by the increase in life expectancy of pets due 
to several factors. Among them, we can mention the higher availability of vaccines, the increasing awareness of owners regarding 
the geriatric issues of their pets and an improvement in the nutritional quality of pet foods [39]. Moreover, an early diagnosis of 
neoplastic diseases through cytopathological and histopathological assays enables increasingly efficient treatments, as well as 
higher life expectancy of patients [23].

The results have shown that the cytopathological assay may indeed be used as a definite diagnosis for spontaneous OSA 
in dogs, as corroborated by several authors, since the malignancy criteria expressed through this technique coincide with those 
expressed in histopathological assays for this type of neoplasms, such as the presence of osteoids, giant multinucleated cells and 
single or multiple evident nucleolus [28,34-38]. However, in order to emphasize the morphological criteria, further research with large 
enough sample sizes to achieve representativeness is needed.

CONCLUSION
According to the results obtained in this study, we may conclude that cytopathological assays are viable as a diagnostic 

method for both osteomyelitis and canine spontaneous OSA, being an equally adequate method for grading the malignancy of 
the neoplasm. Such factors allow the surgeon to conduct a more adequate and fast therapeutic protocol, which may significantly 
improve the prognosis of the animal in the face of these naturally aggressive bone diseases.

ACKNOWLEDGMENTS
I thank the support of ISB - UNESP for the realization of this project, FAPESP, CAPES and CNPq for the financial resources.

REFERENCES
1. Simionato AC, et al. Aerobic bacterial isolates and susceptibility to antimicrobial agents in canine osteomyelitis. Arq Bras 

Med Vet Zootec 2003;55:148-15.

2. Lima TB, et al. Osteomielite fúngica em fratura de tíbia de cão: relato de caso. Rev Bras Ciên Vet 2013;20:132-136.

3. Thompson K. Bones and joints. Inflammatory diseases of bones: Jubb, Kennedy, and Palmer’s Pathology of Domestic 
Animals Vol 1 (5th edn). Ed M. Grant Maxie, Saunders Elsevier St. Louis, Missouri. 2007;92-105.

4. Slatter DH. Textbook of Small Animal Surgery, Volume 1 (3rd edn). Elsevier Health Sciences, Philadelphia, Pennsylvania. 
2003;1868-1869.

5. Zanoni DS, et al. Rocha NS Agarose cell block technique as a complementary method in the diagnosis of fungal osteomyelitis 
in a dog. Open Veterinary Journal 2012;2:19-22.

6. Zhang S, et al. Aspergillus versicolor, a new causative agent of canine disseminated aspergillosis. J Clin Microbiol 
2011;50:187-191.

7. Mueller F, et al. Comparative biology of human and canine osteosarcoma. Anticancer Res 2007;27:155-164.

8. Fenger JM, London CA, Kisseberth WC Canine Osteosarcoma: a naturally occurring disease to inform pediatric oncology. 
ILAR J 2014;55:69-85.

9. Shahi MH, et al. BMI1 is expressed in canine osteosarcoma and contributes to cell growth and chemotherapy resistance. 
PloS One 2015;10:e0131006.

10. Szewczyk M, et al. What do we know about canine osteosarcoma treatment? Review. Vet Res Commun 2014;39:61-67.

11. Jaffe N. Adjuvant chemotherapy in osteosarcoma: An odyssey of rejection and vindication. In: Pediatric and Adolescent 
Osteosarcoma, Cancer Treat Res 2009;152:219-237.

12. Selvarajah GT and Kirpensteijn J. Prognostic and predictive biomarkers of canine osteosarcoma. Vet J 2010;185:28-35.

13. Davis BW and Ostrander EA. Domestic dogs and cancer research: a breed-based genomics approach. ILAR J 2014;55:59-
68.

14. Vanel M, et al. imaging of primary bone tumors in veterinary medicine: Which differences? Eur J Radiol 2012;82:2129-
2139. 

15. Schiffman JD and Breen M. Comparative oncology: what dogs and other species can teach us about humans with cancer. 
Philos Trans R Soc B Biol Sci 2015;370.

16. Trost ME, et al. Primary bone neoplasms in dogs: 90 cases. Pesq Vet Bras 2012;32:1329-1335.

17. Arthur EG, Arthur GL, Keeler MR, Bryan JN Risk of Osteosarcoma in Dogs after Open Fracture Fixation. Vet Surg 2016;45:30–
35.



35RRJZS| Volume 5 | Issue 1 | January, 2017

e-ISSN:2321-6190
p-ISSN:2347-2294Research & Reviews: Journal of Zoological Sciences

18. Morello E, et al. Biology, diagnosis and treatment of canine appendicular osteosarcoma: Similarities and differences with 
human osteosarcoma. Vet J 2011;189:268-277.

19. Osborne TS and Khanna C. A review of the association between osteosarcoma metastasis and protein translation. J Com 
Pathol 2012;146:132-142.

20. Dernell WS, et al. Tumors of the Skeletal System: Withrow and MacEwen’s Small Animal Clinical Oncology (4th edn), Saunders 
Elsevier, St. Louis, Missouri: 2007;540-567.

21. Ryseff JK and Bohn AA. Detection of alkaline phosphatase in canine cells previously stained with Wright-Giemsa and its util-
ity indifferentiating osteosarcoma from other mesenchymal tumors. Vet Clin Pathol 2012;41:391-395.

22. Bersano PRO. In vitro expression of cyclooxygenase-2 (Cox2) for osteosarcoma exposed to a Cox2 selective inhibitor. 
Doctorate Thesis - Universidade Estadual Paulista "Júlio de Mesquita Filho" School of Veterinary Medicine and Animal 
Science. Botucatu, São Paulo, Brazil, 2011.

23. Ribeiro ALR, et al. The importance of early diagnosis and an accurate tumoral evaluation in the treatment of mandibular 
osteosarcoma. Revista Odonto Ciência 2010;25:319-324.

24. Bacon NJ, et al. Use of alternating administration of carboplatin and doxorubicin in dogs with microscopic metastases after 
amputation for appendicular osteosarcoma: 50 cases (1999-2006). J Am Vet Med Assoc 2008;232:1504-1510.

25. Spodnick GJ, et al. Prognosis for dogs with appendicular osteosarcoma treated by amputation alone: 162 cases. J Am Vet 
Med Assoc 1992;200:995-999.

26. Regan RC, et al. Cytotoxic effects of Loperamide Hydrocloride on Canine Cancer Cells. J Vet Med Sci 2014;76:1563-1568.

27. Fielder SE and Mahaffey EA. The Musculoskeletal System: Diagnostic Cytology and Hematology of the Dog and Cat (3rd 
edn), Elsevier Mosby, St. Louis, Missouri, 2008.

28. Teixeira LV, et al. Punção aspirativa por agulha fina como método de coleta de material para a histopatologia no 
osteossarcoma canino. Pesquisa Veterinária Brasileira 2010;30:145-148.

29. Thompson KG and Pool RR. Tumors of bones: Tumors of Domestic Animals (4th edn). Iowa State Press, Iowa, 2002.

30. Sanchez N and Selvaggi SM. Utility of Cell Blocks in the Diagnosis of Thyroid Aspirates. Diagnostic Cytopathology 2006;34:89-92.

31. Magalhães AM, et al. Estudo comparativo entre citopatologia e histopatologia no diagnóstico de neoplasias caninas. Pesq 
Vet Bras 2001;21:23-32.

32. Masserdotti C. Architectural patterns in cytology: Correlation with histology. Vet Clin Pathol 2006;35:388-396.

33. Goldschmidt M, et al. Classification and grading of canine mammary tumors. Vet Pathology 2011 ;48:117-131.

34. Wellman ML. The cytologic diagnosis of neoplasia. Vet Clin North Am Small Anim Pract 1990;20:919-938.

35. Ghisleni G,  et al. Correlation between fine-needle aspiration cytology and histopathology in the evaluation of cutaneous 
and subcutaneous masses from dogs and cats. Vet Clin Pathol 2006;35:24-30.

36. Sharkey LC, et al. Maximizing the diagnostic value of cytology in small animal practice. Vet Clin North Am Small Anim Pract 
2007;37:351-372.

37. Barger AM. Musculoskeletal System. In: Raskin ER, Meyer DJ Canine and Feline Cytology: A Color Atlas and Interpretation 
Guide (3rd edn). Saunders Elsevier St. Louis, Missouri. 2016;353-368.

38. Slayter MV, et al. Histological classification of bone and joint tumors of domestic animals. World Health Organization. 
Armed Forces Institute of Pathology, American Registry of Pathology, Washington D.C, 1994.

39. Hoskins JD and Fortney WF. Geriatrics and Aging: Geriatrics and Gerontology of the Dog and Cat. 2nd edn., WB Saunders, 
Philadelphia, USA; 2003.


