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ABSTRACT

Eight dogs were included in the present study to evaluate the ability of computed tomography (CT) and radiography to diagnose the bony
lesions. Radiography, signalment, CT appearance and location of bony lesions were used for the bone lesion diagnosis. Aggressive and non-
aggressive nature of lesions was categorized based on independent assessment of both diagnostic modalities; CT and radiography. Bone lesions
showing positive signs had characteristics that include the periosteal reaction and scale of osteolytic pattern which is related to the degree of
aggression. Thoracic CT images were used for detection of pulmonary metastases and serum level of alkaline phosphatase was also recorded in all the
cases. Sunburst appearance, new bone formation, cortical lysis and pathological fractures are the commonly observed clinical findings on
radiographic and CT imaging. In conclusion, CT imaging is recommended over radiography for any abnormal bony changes, tumour staging and
clinical relevant pathology which can be used as gold standard and tumour staging in dogs.
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Computerized tomography (CT) enables the
improved understanding of the osseous changes at outer
cortex, in and at the margins of the joints, density of the
bones, intra-articular fracture and mineralization which
enhances the successful diagnosis of bone lesions of
appendicular skeleton in dogs (Singh et al., 2021).
Reaction of bone to any disease process or lesion is evident
radiographically as; increased opacity (productive or
sclerotic changes); decreased opacity (osteolysis or
osteoporosis) and periosteal reaction(Borggrefe et al.,
2015; Sung et al., 2017). The presence of bone production
and/or bone destruction may be elicited as aggressive or
non-aggressive response of the bone. Radiography has
been considered as the mainstay of characterization of
bone lesions. The role of CT is largely centered to provide
the information of diagnostic relevance and the assessment
of extent of bone lesions. Computed tomography (CT) is
an imaging modality that offers precise anatomical
localization and lesion description and origin of neoplastic
masses due to its multiplanar reconstruction capability
(Strohmayer and Anson, 2018). It can be employed for
both evaluations of local disease and detection of distant
metastasis by thoracic radiography and CT images
(Ninama et al., 2022). CT provides important information
in terms of invasion of adjacent structures, extension and
resectability of the masses. Computed tomography can
identify subtle changes within the medullary cavity of
bone, prior to visible radiographic bone lysis. Faint
mineralization in a lesion is best assessed by using CT,
being more sensitive than radiography for differences in
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attenuation (Singh et al, 2019a). The present study
describes the comparative evaluation of computed
tomography (CT) and radiography to visualize the bone
lesions manifested as aggressive and non aggressive in dogs.

MATERIALS AND METHODS

Eight client-owned dogs were included in an
observational study with a history and variable clinical
signs of localized limb swelling and/or acute or chronic
lameness usually progressive and sometimes refractory to
treatment, neurological dysfunction with spontaneously
occurring aggressive bone lesions. These lesions were
diagnosed based on the signalment, radiographic and
computed tomographic lesions and their consistent
location for primary or secondary bone tumours or similar
conditions. Skeletal computed radiography was done in
these dogs for initial radiographic diagnosis. CT examination
in dogs with the affected bone and of the thorax was
performed in selected cases using 16 slice Machine (Supria,
Hitachi) under general anaesthesia. Contiguous transverse
CT images were acquired after positioning using a bone
window and the pulmonary metastasis using a high
resolution lung algorithm for the thorax. The raw data was
reconstructed for 3D and multiplanar image reconstruction
using different protocols. Serum alkaline phosphatase level
was recorded in all the eight dogs.Assessment of both imaging
modalities was done independently for lesions classification
as either aggressive or non aggressive based on radiographic
and CT characteristics and score was given as equivocal,
negative or positive. Aggressive characteristics of positive
bone lesions elicited by lytic changes and/or periosteal
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Fig. 1. Radiographic image (A) Showing mottled, irregular lysis of cortical bone with ‘amorphous’ periosteal reaction. Axial CT image (B) showing
‘sunburst’ appearance and osteolytic and proliferative changes. Sagittal plane (C) and 3D (D) reconstructed image showing mixed pattern
osteolysis; reduced radiopacity of bone compared with soft tissues (ghostly bones).

Fig. 2. (A). Radiograph - Soft tissue enlargement along with mineralization, cortical thinning and bony reactions at the distal radius ulna bones. (B,
C, D). CT images; (MPR, Axial & 3-D) showing the irregular convoluting enlargement along the metaphyseal and diaphyseal region of distal
radius (arrow) along with soft tissue enlargement. Aggressive lesions are represented by region of osteolysis of metaphyseal trabeculae and
cortical bone with fairly distinct inner cortex.

reaction. Equivocal bone lesions have radiographic and
CT characteristics that were suggestive but not definitive
for an aggressive bone lesion. The pulmonary metastases
lesions were identified on thoracic CT images as soft tissue
nodule(s) or equivocal area of increased density/ground
glass appearance in the lungs for tumour staging.

RESULTS AND DISCUSSION
The primary appendicular or axial (vertebral) bone

lesions were diagnosed in all dogs based on the presence of
an aggressive bone reaction using radiography and CT
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imaging modalities. The data recorded for signalment and
location of lesion are presented in Table 1. The pathologies
of bones which included tumors of aggressive behaviour
were identified as multiple myeloma (1 case) and
osteosarcoma (5 cases) whereas, 2 cases of panosteitis
showed the non-aggressive behaviour. Positive bone
lesions with aggressive bone reaction included the scale of
appearances of osteolytic changes and periosteal
reactions, has been described for all the cases which relates
to the degree of aggression. In most of the cases common
findings were observed with both the diagnostic
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Fig.4. (A) Radiograph & CT images (B & C) in different planes showing hyper dense medullary patches near nutrient foramen in the distal
diaphyseal region of humerus and proximal part of ulna bone with evidence of coarse trabeculation and endosteal reaction in the distal humerus.

E"‘.Z‘XSZ rwa 1 58 A 145 148.49 modalities but detailed description, delineation of cortical
3. 25 margins and contrast resolution of the lesions were seen in
computed tomographic (CT) images (Singh et al., 2019b).
Pulmonary metastases were also detected in 2 cases based
on the presence of discrete soft tissue attenuating nodular
densities in the lungs. Elevated alkaline phosphatase levels
were recorded in all the cases and presented in Table 2.
Histopathology confirmed the plasma cells tumor in the
bone marrow with areas of bone infiltration and
destruction. Detailed radiographic and computed
tomographic (CT) findings of all the cases are presented.
In osteosarcoma cases; proliferative changes at
cortex, sunburst' appearance of lesions (Fig. 1B), Mixed
pattern osteolysis with reduced bone density compared to
soft tissue (ghostly bones) (Fig. 1C) with thin shell like
cortices were diagnosed by both the diagnostic modalities;
Focc . cuas, oixaes radiography and CT scan but more appreciable by
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Fig. 5. CT images (Transverse plane) with soft tissue atfenuating metastatic computed tomographic images. Pathological fracture with
lesions in lung parenchyma in adog with osteosarcoma of tibia . . -
and fibula bone (Case 1). soft tissue swelling at the affected sites was also the
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Table1. Signalmentand location of bone lesions in dogs

CaseNo. Breed Age(Yrs.) Sex Bodywt(Kg)  Location of Bone lesion

1 Labrador 13 M 11 Distal 1/3" tibia—fibula

2 Labrador 1 M 15 Distal humerus and proximal radius -ulna

3 German Shepherd 1.4 F 27 Distal 1/3" of radius and ulna

4 German Shepherd 11 months M 29 Distal 1/3" of humerus

5 German Shepherd 08 M 20 Proximal and distal humerus

6 Great Dane 6 M 50 Stifle, proximal tibia

7 German Shepherd 01 M 18 Vertebrae (lumbar region) and pelvis

8 Non-descript 9 F 21 Distal radius and deltoid tuberosity of humerus

Table2. Definitive or equivocal bone lesions, ALP value and metastasis identified in the dogs

Case No. Modality used D/E ALKP Pulmonary Radiological diagnosis
Level Metastasis
(UL)
1 R D 1116.3 M Osteosarcoma tibia and fibula
CT D
2 R E 147.6 - Panosteitis
CT D
3 R D 442.1 - Osteosarcoma radius and ulna
CT D
4 R E 274.0 - Panosteitis
CT D
CT D
5 R D 763.22 - Osteosarcoma of humerus and ulna
CT D
6 R D 1534.2 M Osteosarcoma distal femur and proximal tibia
CT D
7 R - 610.7 - Multiple myeloma involving pelvis and vertebrae
CT D
8 R E 222.38 - Parosteal/periosteal osteosarcoma
CT D

D= Definitive E= Equivocal

common findings in all the cases. Solid periosteal
reactions at deltoid tuberosity and soft tissue mass also
observed. Radiological lesions in one case affected with
osteosarcoma at stifle joint also showed the secondary
lesions of skull bones which were more appreciable on
maxilla and mandible with osteolytic changes.

In case of the multiple myeloma, Digital radiography
showed the radiolucency of femur, pelvic bones and
lumbar vertebrae. Multiplanar reconstructive CT images
of the pelvis demonstrated the poorly margined to well
defined foci of osteolysisin the vertebral bodies, spinous
process and pelvic bones (Fig. 3).

In panosteitis caseslateral digital radiograph of right
humerus demonstrated area of increased opacity and in the
medullary cavity of humerus and ulna bones but
significantly patchy attenuating density by CT images was
observed close to the nutrient foramen. Sagittal and frontal
planes demonstrated the area with increased attenuating
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densities in the medullary canal of distal humerus and close
to the nutrient foramen. Endosteal proliferative activity
was also evident in the distal third of humerus (Fig. 4).

The 3D reconstructed images showed irregular bony
tumorous mass (1D), extensive osteolysis, pathological
fracture and massive cortical destruction. Displaced
patella bones, angular rotation of affected limb were well
appreciated on 3-dimensional images.

Lesions of metastasis were also observed in lung
parenchyma; small multiple nodular appearances observed
in the lung parenchyma prominently at right side lobes.
Transverse CT images of lung parenchyma (Fig. 5) revealed
soft tissue nodular lesions of varying irregular shapes were
dispersed within the lungs parenchyma.

The aggressive behaviour of a bone lesion is better
visualized with advanced imaging modalities like CT
compared to either conventional or digital radiography.
Most information on aggressive behaviour corresponds to



the extent and location of the lesions within a bone, the
bone response to tumor, cortical changes, periosteal
reaction and the involvement of adjacent soft tissue. For
the majority of primary bone tumors, sunburst appearance,
new bone formation and cortical lysis, is commonly seen
features in malignant tumors. However, non-aggressive
lesions like panosteitis with increased intramedullary
radiopacity within the bone can be differentially diagnosed
with osteomyelitis using CT imaging. CT has always been
preferred imaging technique for the evaluation of thoracic
lesions and considered as gold Standard for tumor staging,
because of its improved ability to detect pulmonary
metastasis on initial staging of aggressive bone lesions in
dogs. The CT provides high-quality bone images and has
far superior sensitivity for the detection of metastasis than
radiography.

In the presents study, aggressive behaviour of bone
lesions were recorded in primary bone tumors of
appendicular skeleton. Radiographic and computed
tomographic (CT) findings in aggressive bone lesions
were cortical bone destruction, eroded cortical margins,
periosteal reactive bone production and sunburst
appearance. Tendency of lytic tumors to infiltrate adjacent
soft tissues and pathological fractures are related with the
cortical bone erosion (Thompson, 2007). Radiographic
characteristics of an aggressive bone lesion include a wide
zone of transition between the tumor and the surrounding
normal bone, cortical destruction and aggressive—
appearing periosteal new bone formation (Stacy et al.,
20006).

Osteosarcoma is the main tumor of appendicular
skeleton, and more prevalent as 3.5 times in the forelimbs
than hindlimbs (Trost et al., 2012). Sun-burst appearance
is typically seen in these aggressive tumours, associated
with cortical destruction. Clinical, radiographical and
gross findings are consistent with the diagnosis of the
malignant bone tumors. In the present study, both CT and
computed radiography were conclusive to diagnose the
osteosarcoms. Although, CT features of osteosarcoma and
other primary bone tumors were similar to those of survey
radiography but CT may also more clearly delineate
internal and extra-cortical tumor margins compared to
radiographs (Wisner and Zwingenberger, 2015). In the
reported case of multiple myeloma in present study
detailed findings were diagnosed with the CT images
which could not seen by the radiography (Singh et al.,
2019b).

Multiple myeloma is a multifocal and polyostotic
condition widely distributed within both axial and
appendicular bones (Wisner and Zwingenberger, 2015).
The principle sites of bone involvement in dogs and cats
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are vertebrae, femur, pelvis, humerus and ribs. The typical
radiographical lesions of multiple myeloma are discrete,
punched out foci of osteolysis, varying in size, lacking
sclerotic margins and periosteal reaction, and often
involving multiple bones (Thompson and Dittmer, 2017).
Generalized osteoporosis without obvious lytic foci has
also been reported in some cases (Rusbridge and Wheeler,
1999). CT is more superior to survey radiography for
determining the presence of subtle changes and detailed
diagnosis (Singh et al., 2019a) and size of vertebral plasma
cell tumors (Healy ef al., 2011).

Panostitis condition was observed in 2 cases. The
disease is described as a self-limiting idiopathic bone
disorder that occurs predominantly in large breed dogs
5-18 months of age and German Shepherd Dogs have
higher incidence (Demko and McLaughlin, 2005). Both
CT and computed radiography had the similar
characteristics of increased intramedullary radiopacity
mainly at the level of nutrient foramen (Pollard and Wisner,
2013). Radiographic images are sufficient to diagnose the
characteristics changes occurred in the medullary cavity
and periosteal reactions but contrast resolution of the
images were seen in the CT images. Similar findings of
diagnosis of panosteitis by radiography in camels have
been reported (Levine et al., 2007).

Pulmonary metastasis was detected in 2 cases which
were identified on CT images. Although radiographic
images are not provide the good contrast as compare to CT
images but this is the mostly used techniques for thoracic
imaging and for pulmonary metastasis (Ninama et al.,
2022). CT image showed the ground glass appearance and
discrete soft tissue attenuating nodules distributed in lung
parenchyma(Oblak et al., 2016).

CONCLUSION

It is concluded that CT and computed radiography
were conclusive to diagnose the aggressive and non-
aggressive bony lesions but CT imaging is superior to
radiography for diagnosis, clinical relevance pathology
and staging of aggressive bone lesions.
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