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		 Foreword

Donald E. Thrall, DVM, PhD


         

         Diplomate ACVR (Radiology, Radiation Oncology), Professor, Department of Molecular Biomedical Sciences, College of Veterinary Medicine, North Carolina State University, Raleigh, NC, USA




I am honoured to introduce the second edition of the Handbook of Small Animal Radiology and Ultrasound: Techniques and Differential Diagnoses, written by Ruth Dennis, Robert Kirberger, Frances Barr and Robert Wrigley. Each of these highly qualified radiologists is a seasoned expert, having taught the principles of imaging to veterinary students and residents for many years. Their experience in transmitting knowledge about how to interpret diagnostic images, coupled with collective decades of clinical acumen, provides a level of credibility matched by few other textbooks focused on facilitating the image interpretation process.


Personally, for nearly 40 years, I have struggled with determining how to best instruct people efficiently in image interpretation. I have come to the conclusion that everyone learns a bit differently and at a different rate. The effectiveness of different instructional methodologies also varies between students. Most radiologic imaging instruction is based on actual patient material, i.e. images of sick animals that have been produced in the clinic. In this work the message is based on drawings where the pathologic alteration of tissue is demarcated clearly. Though not identical to the clinical images of patients, these drawings make it crystal clear exactly what is happening in the patient that leads to the appearance of various tissue alterations in real radiographic and sonographic images. Understanding tissue alterations at this basic level will be an asset to many who struggle with image interpretation in the clinic.


The main function of this book is unchanged; that being the intent to order one's thought process after the radiographic or sonographic abnormalities have been categorized. In other words, once imaging abnormalities have been identified, lists of considerations are provided for each sign. These considerations can then be compared to the history, signalment and physical and clinical findings allowing rational prioritization of real diseases. This prioritization can then be used to tailor further diagnostic tests or therapeutic interventions. One fact about imaging is that if one has never heard of a disease, it cannot be diagnosed. Consultation with this resource will increase ones familiarity with possibilities that need to be considered.


As before, this book is not an all-inclusive imaging text, nor will it be useful without some pre-existing experience in imaging interpretation. However, this does not detract from the value of this work – on the contrary, this resourceful publication fills a much-needed gap by enhancing the maturation of the image interpreter. The most competent radiologists are not just readers of roentgen signs. They are consultants to animal owners, practitioners and other specialists. Effective consultation requires making sense of the observed roentgen signs. Information contained herein facilitates taking imaging abnormalities from the descriptive to the interpretive and formulating that information into an effective consultation.


		


  

		

     

       

     


       

		 Preface


Body systems can only respond to disease or injury in a limited number of ways and therefore it is often impossible to make a specific diagnosis based on a single test, such as radiography. Successful interpretation of radiographs and ultrasonograms depends on the recognition of abnormalities, the formulation of lists of possible causes for those abnormalities and a plan for further diagnostic tests, if appropriate. This handbook is intended as an aide memoire of differential diagnoses and other useful information in small animal radiology and ultrasound, in order to assist the radiologist to compile as complete a list of differential diagnoses as possible. Schematic line drawings of many of the conditions as well as normal anatomy and variants are included, to complement the text.


The authors hope that this book will prove useful to all users of small animal diagnostic imaging, from specialist radiologists through general practitioners to veterinary students. However it is intended to supplement, rather than replace, the many excellent standard textbooks available and a certain degree of experience in the interpretation of images is presupposed.


The book is divided into sections representing body systems, and for various radiographic and ultrasonographic abnormalities possible diagnoses are listed in approximate order of likelihood, including those due to normal anatomical variation and technical or iatrogenic causes. Conditions which principally or exclusively occur in cats are indicated as such, although many of the other diseases listed may occur in cats as well as in dogs. Infectious and parasitic diseases which are not ubiquitous but which are confined to certain parts of the world are indicated by an asterisk *, and the reader should consult the Table of Geographic Distribution of Diseases in the Appendix for further information. Details of radiographic technique (including contrast studies) are included and guidance on ultrasonographic technique and a description of the normal ultrasonographic appearance of organs is given. This second edition of our book has been expanded considerably with much extra information about techniques and normal anatomy, many new differential diagnoses, more detailed description of many of the diseases included, updating of the Table of Geographic Distribution of Diseases and expanded Further Reading sections. An addition to the Appendix is a section on digital radiographic film faults, which is reproduced with kind permission from the journal Veterinary Radiology and Ultrasound. New illustrations by our artist Debbie Maizels are included, to add to those from the first edition drawn by Jonathan Clayton-Jones, and we are indebted to them both for their excellent diagrammatic reproduction of the radiographs and ultrasonograms.


A book such as this can never hope to be complete, as new conditions are constantly being recognized and described. The authors apologise for any omissions there may be and would welcome comments from readers for possible future editions.
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     GENERAL



     1.1. RADIOGRAPHIC TECHNIQUE FOR THE SKELETAL SYSTEM


The skeletal system lends itself well to radiography, but it must be remembered that only the mineralized components of bone are visible. The osteoid matrix of bone is of soft tissue radiopacity and cannot be assessed radiographically; this makes up 30–35% of adult bone. Articular cartilage is also of soft tissue opacity and is not seen on survey radiographs (see arthrography, 2.1). Lesions in the skeletal system may be radiographically subtle, and so attention to good radiographic technique is essential.
1. Highest definition film–screen combination consistent with the thickness of the area or appropriate digital radiography algorithm.


2. No grid is necessary except for the proximal limbs and spine in larger dogs; in smaller joints, insufficient scattered radiation is produced to warrant the use of a grid, and the presence of grid lines may obscure fine detail.


3. Accurate positioning and centring with a small object–film distance to minimize geometric distortion and blurring due to the penumbra effect.


4. Close collimation to enhance radiographic definition by minimizing scatter, and for radiation safety.


5. Correct exposure factors to allow examination of soft tissues as well as bone.


6. Beware of hair coat debris creating artefactual shadows.


7. Radiograph the opposite limb for comparison if necessary.


8. Use wedge filtration techniques if a whole limb view is required (e.g. for angular limb deformity); use a special wedge filter or intravenous fluid bags.


9. Optimum viewing conditions – dry films, darkened room, bright light and dimmer facility, glare around periphery of film masked off.


10. Use a magnifying glass for fine detail; use bone specimens, a film library and radiographic atlases.


11. For analogue film, ensure good processing technique to optimize contrast and definition.


12. With digital radiography, manipulation of image size and greyscale is readily performed.










     1.2. ANATOMY OF BONE: GENERAL PRINCIPLES (Fig. 1.1A and B)



Apophysis – Non-articular bony protuberance for attachment of tendons and ligaments; a separate centre of ossification.
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Figure 1.1 
(A) Anatomical features of an immature long bone; (B) anatomical features of a mature long bone.











Articular cartilage – Soft tissue opacity, therefore appears radiolucent compared with bones (unless mineralizing through disease). Provides longitudinal growth of epiphyses.



Cancellous bone – Spongy bone consisting of a meshwork of bony trabeculae; found in epiphyses, metaphyses and small bones. A coarse trabecular pattern is seen where forces are constant and a fine trabecular pattern where they are variable. The greater surface area compared with cortical bone results in a 40 times greater rate of remodelling in response to disease or injury. The cancellous bone of skull is called diploë.




Cortex – Compact lamellar bone formed by intramembranous ossification from periosteum. Uniformly radiopaque. Thickest where the circumference of the bone is smallest, where attached soft tissues exert stress or on the concave side of a curved bone and taper to nothing in the metaphyseal region.



Diaphysis – The shaft of a long bone; a tube of cortical bone surrounding medullary cavity and cancellous bone.



Endosteum – Similar to periosteum but thinner, and lines large medullary cavities; it may produce bone in some circumstances (e.g. fractures).



Epiphysis – The end of a long bone bearing the articular surface, which forms from a separate centre of ossification; cancellous bone with a denser subchondral layer.



Medullary cavity – Fatty bone marrow space in the mid-diaphysis; radiolucent and homogeneous.



Metaphysis – Between the physis and diaphysis; cancellous bone. In the young animal, it remodels bone from the growth plate into the diaphyseal cortex, hence its external surface may be irregular, especially in large dogs; this is known as the cut-back zone and should not be mistaken for a periosteal reaction or pathological osteolysis (Fig. 1.1A).



Nutrient foramen – Seen as a radiolucent line running obliquely through the cortex and carrying major blood vessels; its consistent location in long bones reflects relative growth in length from the two ends of the bone (it originates centrally in the fetus). Occasionally it may be in an aberrant location.



Periosteum – Fibroelastic connective tissue surrounding bone except at articular surfaces and where muscle fibres and tendons insert; its inner layer produces bone by intramembranous ossification causing increase in bone diameter.



Physis – Cartilaginous growth plate present in young animals and seen radiographically as a radiolucent band. Endochondral ossification at the physis results in increased length of the bone. Its width reduces with progressing ossification; after skeletal maturity, it may be seen as a sclerotic line or physeal scar. It provides longitudinal growth of metaphyses and diaphyses.



Sesamoids – Small bony structures lacking periosteum that form in tendons near joints; thought to reduce friction at sites of direction changes.



Subchondral bone – Thin, dense layer of bone beneath articular cartilage; appears more radiopaque than adjacent bone.





     1.3. OSSIFICATION AND GROWTH PLATE CLOSURES



• Skeletal mineralization in dogs and cats begins about two-thirds of the way through pregnancy.


• This occurs in a preformed cartilage matrix for most of the skeleton by endochondral ossification; the skull forms within membranes by intramembranous ossification.


• At birth, ossification is seen radiographically only in diaphyses and skull bones; joints appear wide because epiphyses are still cartilaginous and therefore radiolucent.


• Subsequently, ossification centres appear in epiphyses, apophyses and small bones.


• These secondary ossification centres show ragged margination as ossification progresses.


• As skeletal maturity approaches, secondary ossification centres enlarge and become smoother in outline, and physes and the apparent joint spaces therefore become narrower.


• Some terminology: achondroplasia, absence of cartilage development; chondrodysplasia, disordered cartilage development; skeletal dysplasia, disordered skeletal development.







     Growth plate closure times (dog)


Radiographic growth plate closure times are variable, and so a general range is given for each site. In an individual animal, closure times will normally be the same in right and left limbs (see Table 1.1).



     

Table 1.1 Growth plate closure times in dogsa
Sources: Sumner-Smith, G. (1966) Observations on epiphyseal fusion of the canine appendicular skeleton. Journal of Small Animal Practice7, 303–312. Ticer, J.W. (1975) Radiographic Technique in Small Animal Practice. Philadelphia: Saunders.

	
aIn the cat, growth plates fuse later, especially in neutered animals.



	Sources: Sumner-Smith, G. (1966) Observations on epiphyseal fusion of the canine appendicular skeleton. Journal of Small Animal Practice7, 303–312. Ticer, J.W. (1975) Radiographic Technique in Small Animal Practice. Philadelphia: Saunders. 




	
	Growth Plate Closure Time



	Scapular tuberosity
	4–7 months


	Proximal humerus


	
Greater tubercle to humeral head
	4 months



	
Proximal epiphysis
	10–13 months


	Distal humerus


	
Medial to lateral condyle
	8–12 weeks



	
Medial epicondyle
	6 months



	
Condyle to diaphysis
	5–8 months



	Proximal radius
	5–11 months



	Distal radius
	6–12 months


	Proximal ulna


	
Olecranon
	5–10 months



	
Anconeal process
	3–5 months



	Distal ulna
	6–12 months



	Accessory carpal bone physis
	10 weeks–5 months



	Proximal metacarpal I (dewclaw)
	6 months



	Distal metacarpal II–V
	5–7 months



	Phalanges (proximal P1, proximal P2 only)
	4–6 months


	Pelvis


	
Acetabulum
	4–6 months



	
Iliac crest
	1–2 years (or may remain open permanently)



	
Tuber ischii
	8–10 months


	Proximal femur


	
Femoral head
	6–11 months



	
Greater trochanter
	6–10 months



	
Lesser trochanter
	8–13 months



	Distal femur
	6–11 months


	Proximal tibia


	
Medial to lateral condyle
	6 weeks



	
Tibial tuberosity to condyles
	6–8 months



	
Tuberosity and condyles to diaphysis
	6–12 months


	Distal tibia


	
Main physis
	5–11 months



	
Medial malleolus of distal tibia
	5 months



	Proximal fibula
	6–12 months



	Distal fibula
	5–12 months



	Tuber calcis
	11 weeks–8 months



	Vertebral endplates
	6–9 months













     1.4. RESPONSE OF BONE TO DISEASE OR INJURY


Regardless of cause, the pathology of bone response is essentially the same. There are only two mechanisms: bone loss (focal, osteolysis; diffuse, osteopenia) and bone production (osteogenesis). A combination of both processes may also occur. Bone is laid down and remodels according to Wolff's law – bone is deposited at sites where it is required and resorbed where it is not; this also explains the orientation of trabeculae.



     1. Bone loss (see 1.5 and 1.16)



• Recognized radiographically after approximately 7–10 days.


• Only the mineralized component of bone is visible radiographically, and 30–60% of mineral content must be lost before being detected radiographically.


• Radiography is therefore not a sensitive tool for detecting minor bone loss.


• Focal bone loss is easier to see than diffuse bone loss, by comparison with adjacent normal bone.


• Bone loss is easier to see in cortical bone than in cancellous bone, as cortical bone is more radiopaque.


• Osteopenia is a radiological term describing a generalized reduction in bone radiopacity. It is due to two different pathological processes:
– osteomalacia – insufficient or abnormal mineralization of organic osteoid


– osteoporosis – normal proportions of osteoid and mineral component, but reduced amounts.







• Technical factors such as radiographic exposure and processing must be taken into account when diagnosing osteopenia – compare the radiopacity of bone with the radiopacity of the soft tissues.









     2. Bone production (see 1.6)



• Sclerosis or osteosclerosis used as a radiological term describes increased bone radiopacity. It can be due to two different pathological processes:
– increased density of bone (e.g. sequestrum, subchondral compaction, enlargement of trabeculae)


– Superimposed periosteal or endosteal reaction.







• Apparent sclerosis may also be caused by superimposition of bones (e.g. overlapping fracture fragments).


• Sclerosis is also a pathological term meaning literally ‘hardening of tissue’ and refers to organs becoming hard and useless due to an excess of connective tissue; it is often applied to the central nervous system. Caution should therefore be exercised when using this word in a radiological sense in order that the meaning is clear.









     3. Mixed reactions



• Many lesions combine osteolysis and new bone production to variable degrees.


• New bone may predominate and obscure underlying minor osteolysis.


• Conversely, superimposition of irregular new bone may create areas of relative radiolucency that mimic osteolysis.


• Consider also the possibility of two pathological processes being present simultaneously (e.g. synovial cell sarcoma in a joint with pre-existing osteoarthrosis).











     1.5. PATTERNS OF FOCAL BONE LOSS (OSTEOLYSIS)


Bone loss may be recognized 7–10 days after an insult. It is easier to recognize in cortical than in trabecular bone and is more obvious if focal. Categorizing the type of osteolysis helps in differential diagnosis by suggesting the aggressiveness or activity of the disease process (see 1.8).



     1. Geographic osteolysis (Fig. 1.2)



• A single large area or confluence of several smaller areas, usually more than 10 mm in diameter.


• Clearly marginated, i.e. there is a narrow zone of transition to normal bone.


• Sclerotic margins may be present if the body is attempting to wall off the lesion.


• Usually affects both the medullary cavity and the cortex.



• The overlying cortex may be thinned and displaced outwards due to a lesion that is expansile (see 1.19 and Figs 1.25 and 1.26).
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Figure 1.25 
Expansile bone lesion: giant cell tumour of the distal ulna. Although malignant, the lesion does not appear particularly aggressive.
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Figure 1.26 
Benign bone cyst in the distal humerus of a skeletally immature dog, producing an expansile bone lesion with non-aggressive characteristics.











• Usually due to a benign or non-aggressive, low-grade lesion such as a bone cyst, pressure atrophy or a benign dental tumour.
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Figure 1.2 
Geographic osteolysis.













     2. Moth-eaten osteolysis (Fig. 1.3)



• Multiple areas of osteolysis, often varying in size and usually 3–10 mm in diameter.


• May coalesce to form geographic osteolysis in the centre of the lesion.


• Less well defined, with a wider zone of transition to normal bone.


• The cortex is often irregularly eroded.


• Due to a more aggressive disease process such as a malignant tumour or osteomyelitis.
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Figure 1.3 
Moth-eaten osteolysis.













     3. Permeative osteolysis (Fig. 1.4)



• Numerous small pinpoint areas of osteolysis, 1–2 mm in diameter.


• Poorly defined, with a wide zone of transition to normal bone – areas of osteolysis are more spread out at the periphery.


• Mainly recognized in the cortex (hard to see in the medulla because of its trabecular pattern).


• The cortex is irregularly eroded from the endosteal side.


• Due to a highly aggressive disease process such as a very active malignant tumour or fulminant (often fungal) osteomyelitis.
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Figure 1.4 
Permeative osteolysis.













     4. Mixed pattern of osteolysis (Fig. 1.5)


Often more than one type of osteolysis is recognized (e.g. central geographic osteolysis surrounded by moth-eaten and permeative zones); the nature of the lesion is denoted by the most aggressive type of osteolysis present.
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Figure 1.5 
Mixed pattern osteolysis.













     5. Osteopenia (diffuse reduction in bone radiopacity – see also 1.16)



• Due to osteomalacia or osteoporosis (see 1.4).


• Differential diagnoses are overexposure, overdevelopment, other causes of fogging.


• Reduced radiopacity of bone compared with soft tissues (ghostly bones).


• Thin, shell-like cortices.


• Coarse trabecular pattern, as smaller trabeculae are resorbed.


• Apparent sclerosis of subchondral bone, especially in vertebral endplates, as these are relatively spared and therefore show high contrast with the osteopenic bone.


• Double cortical line due to intracortical bone resorption is occasionally seen.


• If in a limb due to disuse, the epiphyses and small bones are affected predominantly.


• Pathological folding fractures may occur, seen as sclerotic lines.











     1.6. PATTERNS OF OSTEOGENESIS: PERIOSTEAL REACTIONS


Periosteal new bone is also usually recognized 7–10 days after an insult (earlier in young animals). Identifying its nature helps in differential diagnosis by suggesting the aggressiveness of the disease process (see 1.8).


There are two main groups of periosteal reactions: continuous and interrupted (Figs 1.6 and 1.7). However, these represent arbitrary division of a spectrum of periosteal reactions.
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Figure 1.6 
Continuous periosteal reactions.
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Figure 1.7 
Interrupted periosteal reactions.











     1. Continuous periosteal reactions


Often slow disease processes that allow new bone to form in an orderly fashion. Usually represent a benign or healed process but may also be seen early in a more aggressive disease or at the edge of an overtly aggressive lesion. Described below in order of increasing aggressiveness.
• Smooth and solid (e.g. chronic mild trauma, remodelled more active new bone, panosteitis, healed subperiosteal haematoma).


• Codman's triangle – solid triangle of new bone at the edge of a more active lesion, due to bony infilling beneath advancing periosteal elevation. Often at the diaphyseal edge of a primary malignant bone tumour.


• Rough and solid (e.g. trauma, adjacent soft tissue inflammation). May settle to become smooth.


• Lamellar – periosteum elevated by exudate or haemorrhage and produces a single line of new bone parallel to the cortex that fills in with time, becoming solid, for example early metaphyseal osteopathy (hypertrophic osteodystrophy).


• Lamellated (‘onion skin’) – late stage, after recurrent episodes of periosteal elevation due to sequential insults creating several layers of new bone, for example late metaphyseal osteopathy (hypertrophic osteodystrophy), fungal osteomyelitis.


• Palisading (thick brush-like) – solid chunks of new bone perpendicular to the cortex (e.g. hypertrophic osteopathy, craniomandibular osteopathy).


• Brush border (thin brush-like, ‘hair on end’) – periosteum lifted fairly rapidly over an extensive area of cortex with new bone laid down along the perpendicularly oriented Sharpey's fibres (e.g. adjacent soft tissue inflammation, acute osteomyelitis, early neoplasia).










     2. Interrupted periosteal reactions



Represent an aggressive disease process (e.g. malignant neoplasia or osteomyelitis).


Rapidly changing lesions breaching the cortex and periosteum with no time for orderly repair. Variable in radiopacity and depth and may be in short, disconnected segments. Often associated with underlying cortical lysis.
• Spicular – wisps of new bone extending out into soft tissue, roughly perpendicular to the cortex.


• Sunburst – radiating spicular pattern, deepest centrally; indicates a focal lesion erupting through the cortex and extending into soft tissues.


• Amorphous – not a periosteal reaction as such, but fragments of new bone that are variable in size, shape and orientation; often cannot be differentiated from remnants of displaced original bone and tumour bone produced by osteosarcomas.












     1.7. PRINCIPLES OF INTERPRETATION OF SKELETAL RADIOGRAPHS


Bone has a limited response to disease or insult, and so lesions with different aetiologies may look similar radiographically, for example neoplasia and osteomyelitis. A definitive diagnosis may not be possible without further tests or biopsy. The radiologist must examine radiographs methodically, identify changes, recognize patterns and then formulate lists of differential diagnoses. Patient type, history, clinical signs, blood parameters, geographic location (current or previous), change of the lesion with time and response to treatment must be considered. Radiographs should be oriented consistently on the viewer to promote familiarity with the normal appearance, and bone specimens and radiographic atlases used for reference.


A useful mnemonic for differential diagnosis of aetiology is VITAMIN D:
 V vascular


 I inflammatory or infectious


 T trauma


 A anomalous


 M metabolic


 I idiopathic


 N neoplastic


 D degenerative







Features to consider when interpreting skeletal radiographs include the following:
1. Distribution of lesions.
a. Generalized or diffuse changes.
– Metabolic or nutritional disease.


– Neoplasia (e.g. widespread osteolysis – multiple myeloma; widespread sclerosis – lymphoma).







b. Whole limb.– Disuse.






c. Focal lesions.
– Congenital or developmental.


– Trauma.


– Infection or inflammation.


– Neoplasia.







d. Symmetrical lesions.
– Metabolic disease.


– Haematogenous osteomyelitis.


– Metaphyseal osteopathy (hypertrophic osteodystrophy).


– Hypertrophic osteopathy.


– Bilateral trauma.


– Metastatic tumours.












2. Number of lesions.
a. Monostotic.
– Congenital or developmental.


– Trauma.


– Localized infection (trauma, iatrogenic).


– Neoplasia (primary bone tumour, soft tissue tumour distant from joint, solitary metastasis).







b. Polyostotic (see 1.21).







3. Location of lesions (see 1.22, 1.23, 1.24 and 1.25).
a. Epiphysis (e.g. various arthritides, chondrodysplasias, osteochondrosis, soft tissue tumours affecting joints).


b. Physis – mainly young animals (e.g. haematogenous osteomyelitis, trauma, premature closures, rickets).


c. Metaphysis, e.g. haematogenous osteomyelitis, metaphyseal osteopathy (hypertrophic osteodystrophy), primary malignant bone tumours.


d. diaphysis (e.g. trauma, panosteitis, hypertrophic osteopathy, metastatic tumours).







4. Presence and type of osteolysis (see 1.5 and Figure 1.2, Figure 1.3, Figure 1.4 and Figure 1.5).


5. Presence and type of osteogenesis (see 1.6 and Figs 1.6 and 1.7).
a. Periosteal.


b. Endosteal.


c. Trabecular.


d. Neoplastic – in bone-producing tumours.


e. Heterotopic – ossification in an abnormal location.


f. Dystrophic – ossification in previously damaged soft tissue.







6. Zone of transition between lesion and normal bone.
a. Short – well-demarcated lesion, abrupt transition to normal bone; usually benign or non-aggressive disease.


b. Long – poorly demarcated lesions, gradual transition to normal bone; usually aggressive disease.







7. Soft tissue changes.
a. Muscle atrophy.


b. Soft tissue swelling.


c. Joint effusions.


d. Displacement or obliteration of fascial planes or fat pads.


e. Soft tissue emphysema.


f. Soft tissue mineralization.


g. Radiopaque foreign bodies.


h. Abnormalities in other body systems (e.g. lung metastases).







8. Rate of change on sequential radiographs and presence of response to treatment. The time interval between radiographic studies is arbitrary and determined by the apparent activity or aggression of the lesion and the age of the animal – active lesions may change within a few days, and both bone loss and new bone production occur more rapidly in young animals.










     1.8. FEATURES OF AGGRESSIVE VERSUS NON-AGGRESSIVE BONE LESIONS


An aggressive lesion is one that extends rapidly into adjacent normal bone with no or minimal visible host response attempting to confine the lesion (Table 1.2 and Figs 1.8 and 1.9). Assessment of this activity is essential in order to compile a realistic list of differential diagnoses. Lesions may change their status with time or in response to treatment. Intermediate grades of aggression exist through a spectrum (e.g. chronic osteomyelitis, low-grade malignancy).



     

Table 1.2 Radiographic features of aggressive versus non-aggressive bone lesionsa



	
aIf mixed signs are present, the lesion should be categorized according to its most aggressive feature.



	 




	Non-Aggressive
	Aggressive



	For example uncomplicated trauma, degenerative or resolving lesion, benign neoplasia, bone cyst
	For example malignant neoplasia, fulminant osteomyelitis



	Well demarcated
	Poorly demarcated



	Narrow, distinct zone of transition
	Wide, indistinct zone of transition



	Absent or geographic osteolysis
	Permeative osteolysis



	Cortex may be displaced and thinned but rarely broken
	Cortex interrupted



	Continuous solid or smooth periosteal reaction
	Interrupted, irregular periosteal reaction



	± surrounding sclerosis
	No surrounding sclerosis



	Static or slow rate of change
	Rapid rate of change
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Figure 1.8 
Non-aggressive osteolytic bone lesion, with geographic osteolysis, short zone of transition, intact overlying cortex and smooth periosteal reaction.
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Figure 1.9 
Aggressive bone lesion, with a mixed pattern of osteolysis, long zone of transition, cortical erosion and interrupted periosteal reaction.













     1.9. FRACTURES: RADIOGRAPHY, CLASSIFICATION AND ASSESSMENT OF HEALING



     Causes of fractures



1. Trauma (direct or indirect, e.g. avulsion).


2. Pathological; spontaneous or following minor trauma to weakened bone.
a. Neoplasia.


b. Bone cyst.


c. Osteomyelitis.


d. Diffuse osteopenia such as nutritional secondary hyperparathyroidism (usually folding fractures).


e. Brittle or fragile bones, for example osteopetrosis (see 1.13.15), osteogenesis imperfecta (see 1.16.13).


f. Incomplete ossification of the humeral condyle – Spaniels (see 3.4.5. and Fig. 3.4).


g. Empty screw hole.







3. Stress protection – weakened bone at the end of an orthopaedic plate.


4. Fatigue fracture – due to repeated stress on a bone, especially metacarpals and metatarsals in racing greyhounds.


5. Defect in bone due to biopsy or surgery, or after plate removal.









     Radiography



• Obtain at least two radiographs, including views at 90° to one another (orthogonal views).


• Include joints above and below to check for joint involvement and rotation of fragments.


• In young animals, examine growth plates for signs of injury; after trauma to the antebrachium, re-radiograph after 3 weeks to check for signs of premature closure of the distal ulnar physis.


• Radiograph the opposite leg for assessment of true bone length if surgery is planned.


• Use a horizontal beam if necessary (e.g. if pain, spinal instability or thoracic trauma prevent dorsal recumbency).


• Increase exposure factors if soft tissue swelling is present.


• Thoracic and abdominal studies are often required in cases of road accident or falls from high buildings (e.g. to detect pulmonary contusion, ruptured diaphragm, pneumothorax or bladder rupture).


• If hairline fractures are suspected but not seen, repeat the radiographs 7–10 days later (or use scintigraphy).


• Stressed views may be needed to detect fracture (sub)luxations or collateral ligament damage (see 2.1 and Fig. 2.2).


• Remember that radiographs give no information about damage to articular cartilage or surrounding soft tissues.









     Radiographic signs of fractures



1. Disruption of the normal shape of bone or of the cortex or trabecular pattern.


2. Radiolucent fracture lines can be mimicked by:
a. nutrient foramen


b. overlying fascial plane fat


c. skin defect or gas in fascial planes – open fracture


d. normal growth plate or skull suture


e. Mach line – dark lines along edge of two overlapping bones due to an optical illusion



f. grid line artefact from damaged grid.

NB: hairline or minimally displaced fractures radiating along the shaft from the main fracture site may be seen only if parallel to X-ray beam; this may require additional views.








3. Increased radiopacity of cortex and medulla if the fracture is folding or impacted or if fragments override.


4. Small, free fragments of variable size can be mimicked by:
a. unusual centres of ossification


b. inconsistently present sesamoids


c. multipartite sesamoids


d. dirt on the animal's hair coat


e. debris within soft tissues.




 (a)–(c) are usually bilateral, so if in doubt radiograph the opposite limb for comparison.






5. Ballistics, foreign material and gas – compound fractures.


6. Evidence of fracture healing – see below.


7. Muscle atrophy and disuse osteopenia.






Reasons for overlooking fractures include incorrect exposure or processing, non-displacement of fracture fragments, insufficient number of views, confusion with growth plates and fracture reduced by positioning.





     Classification of fractures



1. Closed, or open or compound (therefore risk of infection, especially if the skin has broken outside to inside).


2. Simple (single fracture), comminuted (three or more fragments), multiple (fracture lines do not connect; same bone or different bones) or segmental (two or more separate fracture lines in a single bone).


3. Transverse, oblique, spiral, longitudinal or irregular.


4. Complete (entire bone width) or incomplete (one cortex only).
a. Greenstick fracture – convex side cortex; alternatively defined as a fracture with minimal separation between fragment ends and periosteum remains intact.


b. Torus fracture – concave side fracture.







5. Chip fracture (no or one articular surface involved) or slab fracture (two articular surfaces involved).


6. Articular – within the limits of the joint capsule, whether or not the fracture line crosses the articular surface. Young animals are over-represented due to the presence of relatively weak growth plates. Alternatively, non-articular.


7. Avulsion (traction by soft tissue attachment) – usually at an apophysis.


8. Fatigue or stress fracture – one cortex only, from repeated minor trauma.


9. Impaction or compression fracture – shortening of bone due to stress along its length, or one fragment driven into another; especially vertebrae.


10. Fracture (sub)luxation – fracture with associated soft tissue injury causing joint instability or displacement.



11. Salter–Harris fractures (Fig. 1.10) – fractures involving unfused growth plates; may lead to growth disturbances (e.g. shortening or angulation of bone). They can occur surprisingly late in neutered cats, as the growth plates remain open longer than in entire animals.
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Figure 1.10 
Salter–Harris classification of growth plate fractures. Type I: separation through the growth plate (e.g. proximal femur); also known as slipped epiphysis or epiphysiolysis. Type II: a metaphyseal fragment remains attached to the epiphysis (e.g. distal femur). Type III: fracture through the epiphysis into the growth plate (rare). Type IV: fracture through the epiphysis and metaphysis crossing the growth plate (e.g. distal humerus). Type V: crush injury to the growth plate (may not be radiographically visible initially but leads to growth disturbance) (e.g. distal ulna).


















     Assessment of fracture: at the time of injury



1. Location – which bone, which anatomical area of the bone?


2. Age of fracture (if not known) – assess sharpness of fracture margins and look for evidence of healing.


3. Type of fracture – see above.


4. Displacement of fragments – distal relative to proximal fragment (e.g. distracted, impacted, overriding).



5. Underlying bone radiolucency or loss of normal architecture, for evidence of pathological fracture (Fig. 1.11).
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Figure 1.11 
Pathological fracture: diffuse rarefaction of bone around a tibial fracture site due to metastatic neoplasia.











6. Involvement of joints – subsequent osteoarthritis may occur.


7. Presence of foreign material.


8. Soft tissue changes.


9. Injuries elsewhere in body (e.g. with pelvic trauma, check for bladder or urethral rupture; thoracic pathology).









     Assessment of fracture: immediate post-operative radiographs



1. Degree of reduction – at least 50% bone contact on orthogonal views is needed for healing.


2. Alignment.
a. Medial–lateral and cranial–caudal.


b. Rotational alignment – include joints above and below.







3. Adequacy of implant type, size and placement.


4. Joints – congruency, lack of entry by implants.


5. Presence of cancellous bone grafts.


6. Soft tissues.






(Useful mnemonic: ABCDS – alignment, bone, cartilage, device, soft tissues; alternatively, consider the four A's – apposition, alignment, angulation, apparatus).





     Fracture healing


NB: need two orthogonal views to assess healing, as the fracture may appear bridged on one view and not on another. Healing occurs more rapidly in young animals.

1. Primary bone healing – direct bridging of the fracture by osseous tissue, re-establishing cortex and medulla without intermediate callus. Occurs with a high degree of reduction and stabilization of the fracture site. Stages 1, 2 and 5 (Fig. 1.12).



     
	[image: B9780702028946000019/gr12.jpg is missing]


	
Figure 1.12 
The five stages of fracture healing. Stage 1: sharp fragments, hairline fracture lines easily overlooked, marked soft tissue swelling. Stage 2: fracture margins becoming blurred; hairline fractures more obvious; reduced soft tissue swelling. Stage 3: unstructured bony callus with partial bridging of fracture line. Stage 4: callus becoming more solid; early remodelling. Stage 5: continued remodelling results in reduction in callus size.











2. Secondary bone healing – unstructured bone laid down in soft tissue as a callus and subsequently remodelled. Stages 1–5 (Fig. 1.12).
• Stage 1 (recent injury): sharp fracture ends; well-defined fragments; soft tissue swelling; disruption to skin and soft tissue emphysema if the fracture is compound (open).


• Stage 2 (approximately 1–2 weeks): reducing soft tissue swelling; fracture line blurred due to hyperaemia and bone resorption; hairline fractures widened and more obvious; early, indistinct periosteal reaction, especially in young animals.


• Stage 3 (approximately 2–3 weeks): abundant, unstructured bony callus forming (size depends on the type of fracture, location, use of limb, stability at site, vascularization); partial bridging of fracture line; structurally strong.


• Stage 4 (approximately 3–8 weeks): continued filling in of the fracture line; early remodelling of the callus.


• Stage 5 (approximately 8 weeks on): continued remodelling and reduction in size of callus; restoration of cortices and trabecular pattern; the limb may straighten slightly if malunion occurred originally.















     Assessment of fracture: subsequent examinations



1. The intervals at which follow-up radiographs are obtained depend on the age of the patient, the severity of the injury, the nature of the repair and the condition of the patient. Usually 2- to 3-week intervals for young animals and 4–6 weeks for mature animals are adequate.


2. Use the same radiographic technique as for the original radiographs, for comparison (may need to reduce exposure factors if soft tissue is less due to reduction of swelling or muscle atrophy).


3. Alignment of fragments.


4. Position and integrity of implants – migration, bending, cracking or fracture of implants may occur.


5. Stability of fracture site – evidence of instability following surgical repair includes migration of implants, radiolucent haloes around screws and pins (differential diagnoses are infection, bone necrosis from high-speed drill, artefactual radiolucent halo around metallic implants in some digital images).


6. Stage of fracture healing.


7. Amount of callus, for example active fractures may be hypertrophic (moderate to large amount of callus) or oligotrophic (little callus), whereas inactive fractures show no callus or atrophy of bone ends.


8. Evidence of infection – osteolysis especially around implants, unexpected periosteal reactions (differential diagnosis is periosteal stripping), sequestrum formation, soft tissue swelling ± emphysema.


9. Evidence of secondary joint disease.


10. Evidence of disuse – muscle atrophy, osteopenia.


11. The six A's – apposition, alignment, angulation, apparatus, activity of bone healing and architecture of bone and surrounding soft tissue.









     Complications of fracture healing



1. Delayed union – longer than expected time to heal for the type and location of fracture, but evidence of bone activity is present.
a. Disuse.


b. Instability.


c. Poor reduction.


d. Poor nutrition.


e. Old age.


f. Infection.


g. Poor vascularity.


h. Large intramedullary pin.


i. Presence of a sequestrum.


j. Undetected underlying pathology (e.g. neoplasia).







2. Non-union – fracture healing has apparently ceased without uniting the fragments, usually 10–12 weeks post fracture; bone ends smooth with sealed medullary cavity. Predisposed to by movement or infection at the fracture site.

a. Non-viable or biologically inactive, for example atrophic (dying back) (Fig. 1.13) – no callus, pointed bone ends; especially the radius and ulna in toy breeds of dog that have been treated with external co-optation or intramedullary pinning; also dystrophic or necrotic non-union (devitalized intermediate fragment), defect non-union (significant bone defect).
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Figure 1.13 
Atrophic non-union of a femoral fracture.












b. Viable or biologically active, for example hypertrophic (‘elephant's foot’) (Fig. 1.14) – new bone surrounds bone ends but does not cross the fracture line, giving a bell-shaped appearance; fragment ends parallel; medullary cavity may appear sealed; also lesser degrees of callus or absent callus (oligotrophic).
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Figure 1.14 
Hypertrophic non-union of a femoral fracture.









Both types may form a false joint in which the fragment ends are contoured (e.g. one is concave and the other is convex or pointed).









3. Malunion (Fig. 1.15) – bones fuse but with incorrect alignment. Subsequent remodelling may correct the malunion to some extent. Joints proximal and distal to the site may become arthritic due to altered stresses.
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Figure 1.15 
Malunion of a femoral fracture.











4. Excessive callus formation.
a. Movement at fracture site.


b. Infection.


c. Periosteal stripping.


d. Incorporation of bone grafts.







5. Ossification of stripped periosteum, especially in young animals (e.g. rhino horn or bucket handle callus often seen on caudal aspect of femur); not usually a clinical problem.


6. Osteomyelitis – leads to delayed or non-union; differential diagnosis is exuberant callus due to instability at the fracture site.


7. Sequestrum formation – a devitalized piece of bone that will impede healing and/or lead to sinus formation. Seen radiographically as a sharply defined fragment of dense bone with a surrounding radiolucent space containing pus. May be surrounded by a sclerotic involucrum attempting to wall off the process.


8. Fracture disease – a clinical syndrome with joint stiffness and muscle wastage due to disease; radiographs show osteopenia.


9. Neoplastic transformation – may be years later, especially if metallic implants are present or healing was complex. The mechanism is not known but is possibly due to chronic inflammation. Usually in fractures sustained at 1–3 years of age.


10. Metallosis – a sterile, chronic, proliferative osteomyelitis that may result from reaction to metallic implants, especially if dissimilar metals have been combined; less common in domestic animals than in humans due to their shorter lifespan.









     Ultrasonographic assessment of fracture healing


Ultrasonography can be used to assess soft tissues and bony surfaces of fractures and calluses, both at the time of injury and during the healing process. Ultrasonography permits detection of healing earlier than with radiography and therefore can prevent unnecessarily long limb immobilization. Vascularity of tissues can be assessed with power Doppler.


Stages of fracture healing detected ultrasonographically roughly correspond to those seen radiographically as follows.
• Stage 1 (recent injury): homogeneous, hypoechoic soft tissue in the gap between the fragment ends.


• Stage 2 (1–2 weeks): heterogeneous, hypoechoic soft tissue in the fracture gap.


• Stage 3 (2–3 weeks; callus formation): heterogeneous, irregular appearance with hyperechoic areas indicating the start of mineralization earlier than is seen radiographically.


• Stage 4 (3–8 weeks): heterogeneous callus becoming continuous and lamellar.


• Stage 5 (8 weeks on): a continuous, smooth, hyperechoic line represents the healed cortex, and intramedullary implants can no longer be identified.














     BONES



     1.10. ALTERED SHAPE OF LONG BONES


See also section 1.15, Bony masses.
1. Bowing of bone(s).

a. ‘Normal’ in chondrodystrophic breeds (e.g. Basset Hound, Bulldog and Dachshund); especially radius and ulna. Long bones in affected breeds often have prominent apophyses as well (enthesiopathies – osteophytes at ligamentar insertions) (Fig. 1.16).
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Figure 1.16 
‘Normal’ radius and ulna of a chondrodystrophic dog, showing bowing of the long bones, prominence of apophyses, enthesiopathies and bony proliferation in the interosseus space.











b. Growth plate trauma resulting in uneven growth.


c. Radius – passive bowing due to shortening of ulna and secondary bowstring effect (see 3.5.4 and Fig. 3.13).


d. Chondrodysplasias (dyschondroplasias) are recognized in numerous breeds and in the Domestic Short-haired cat (see 1.22.7). Failure of normal endochondral ossification leads to bowing of long bones, especially the radius and ulna, and epiphyseal changes result in arthritis.


e. Rickets; bowing of long bones, especially the radius and ulna.


f. Congenital hypothyroidism; bowing of long bones, especially the radius and ulna; seen especially in Boxers (see 1.22.9). Disturbed epiphyseal ossification may also lead to a change in shape and subsequent osteoarthritis.


g. Asymmetric bridging of a growth plate, resulting in uneven growth, for example severe periosteal reaction in metaphyseal osteopathy (hypertrophic osteodystrophy), surgical staple left in too long.


h. Tension from shortened soft tissues (e.g. quadriceps contracture).


i. Altered stresses due to bone or joint disease elsewhere in limb.


j. Hemimelia (rare) – either radius or ulna absent (usually radial agenesis), putting abnormal stress on the remaining bone.







2. Angulation of bone.
a. Traumatic folding (greenstick) fracture.


b. Pathological fracture.

– Primary, secondary or pseudohyperparathyroidism (see 1.16.4 and Fig. 1.20).
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Figure 1.20 
Nutritional secondary hyperparathyroidism: folding fractures in an osteopenic tibia and fibula.












– Neoplasia, especially if mainly osteolytic (primary, secondary, multiple myeloma) (see 1.18.2, 1.19.1, 1.20.1 and Figure 1.21, Figure 1.22, Figure 1.23 and Figure 1.24 and 1.27).
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Figure 1.21 
Osteolytic osteosarcoma of the proximal humerus in a cat: severe bone destruction with pathological fracture.
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Figure 1.22 
Bone metastases: multiple osteolytic lesions in atypical sites for primary neoplasia.
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Figure 1.23 
Malignant soft tissue tumour invading bone: osteolysis predominates, and more than one bone may be involved.
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Figure 1.24 
Multiple myeloma in a dog, producing several discrete punched-out areas of osteolysis in lumbar vertebrae.
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Figure 1.27 
Primary malignant bone tumour: osteosarcoma of the distal radius. A mixed osteolytic–proliferative lesion of aggressive appearance.











– Enchondromatosis (see 1.19.1).


– Bone cyst (see 1.19.2 and Fig. 1.26).



– Osteomyelitis (see 1.20.2 and Figs 1.28 and 1.29).
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Figure 1.28 
Acute osteomyelitis in the ulna of a cat, following a dog bite: a mixed, aggressive lesion with marked surrounding soft tissue swelling. The two focal radiolucent areas are the result of injury caused by the canine teeth of the attacking animal.
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Figure 1.29 
Chronic osteomyelitis and sequestrum formation in the metatarsus of a cat, following a cat bite. This lesion is less aggressive in nature and appears partly walled off.











– Severe osteopenia (see 1.16).


– Osteogenesis imperfecta (see 1.16.13).







c. Malunion.







3. Abnormally straight bone (e.g. radius, due to premature closure of the distal radial growth plate). Long bones are normally very straight in some larger dog breeds.


4. Expansion or irregular margination of bone.

a. Osteochondroma (single) or multiple cartilaginous exostoses (multiple) (see 1.15.2 and Fig. 1.19).
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Figure 1.19 
Multiple cartilaginous exostoses (dog): expansile masses arising from a rib and the wing of the ilium.











b. Enchondromatosis (see 1.19.1).


c. Other expansile tumour (see 1.19.1 and Fig. 1.25).


d. Bone cyst (see 1.19.2 and Fig. 1.26).



e. Late, remodelled metaphyseal osteopathy (hypertrophic osteodystrophy; see 1.24.4 and Fig. 1.31B).
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Figure 1.31 
(A) Early metaphyseal osteopathy (hypertrophic osteodystrophy): a mottled band of radiolucency in the metaphysis parallel to the growth plate. (B) Late metaphyseal osteopathy (hypertrophic osteodystrophy): the metaphyses are surrounded by successive layers of periosteal and paraperiosteal new bone, the deeper layers becoming remodelled into the cortex. Superimposition of new bone creates a sclerotic appearance.











f. Disseminated (diffuse) idiopathic skeletal hyperostosis – mainly spine but also extremital periarticular new bone and enthesiopathies (see 5.4.5).


g. Insertion tendonopathies.
– ‘Normal’ in chondrodystrophic breeds (see 1.10.1 and Fig. 1.16).


– Pathological (see Ch. 3).




















     1.11. DWARFISM



1. Proportionate dwarfism.
a. Pituitary dwarfism; mainly German Shepherd dog, also reported in the Miniature Pinscher, Spitz and Covelian Bear dog. May be hypothyroid too (see below).


b. GM1-gangliosidosis – English Springer Spaniels.







2. Disproportionate dwarfism.
a. Chondrodysplasias (see 1.22.7).


b. Hypothyroidism; mainly Boxer (see 1.22.9).



c. Rickets or hypovitaminosis D (see 1.23.8 and Fig. 1.30).



     
	[image: B9780702028946000019/gr30.jpg is missing]


	
Figure 1.30 
Rickets: thoracic limb of a young puppy, showing changes especially in the distal radial and ulnar growth plates.











d. Zinc-responsive chondrodysplasia in the Alaskan Malamute and possibly other northern breeds.


e. Hypervitaminosis D – a massive intake in a young animal causes retarded growth, bone deformity and osteopenia, although death from renal failure is more likely; cats are more sensitive to toxicity.


f. Cats – mucopolysaccharidosis – especially cats with Siamese ancestry; rarely occurs in dogs but mucopolysaccharidosis type VII is reported to cause disproportionate dwarfism in dogs (see 5.4.9).


g. Cats – mucolipidosis type II (rare).


h. Cats – hypervitaminosis A in young cats – reduced length of long bones due to abnormality of physeal cartilage.














     1.12. DELAYED OSSIFICATION OR GROWTH PLATE CLOSURE


Delayed ossification is mainly recognized in epiphyses, carpal and tarsal bones. The various conditions listed here may be difficult to differentiate, and chondrodysplasias are often initially misdiagnosed as rickets. However, rickets does not manifest until after weaning, whereas other conditions begin to develop before weaning. Table 1.3 summarizes the radiographic changes that may be present in animals with growth disturbances, but the subject is complex.
1. Chondrodysplasias – effect on growth plate closure time is variable (see 1.22.7).


2. Congenital hypothyroidism – especially Boxers (see 1.22.9).


3. Pituitary dwarfism – especially German Shepherd dogs.


4. Rickets.


5. Hypervitaminosis D – a massive intake in a young animal causes retarded growth, bone deformity and osteopenia, although death from renal failure is more likely; cats are more sensitive to toxicity.


6. Copper deficiency.


7. Cats – mucopolysaccharidosis, especially in cats with Siamese ancestry; rarely affects dogs (see 5.4.9).


8. Cats – neutering delays growth plate closure, especially in male cats.








     

Table 1.3 Radiographic changes that may be present in animals with growth disturbances




	
	Epiphyseal Dysplasia
	Wide Physes
	Late-Closing Physes
	Osteopenia
	Stunting



	Chondrodysplasia
	Yes
	Yes
	Some
	No
	Yes



	Congenital hypothyroidism
	Yes
	Yes
	Yes
	No
	Yes



	Hypervitaminosis A in immature cats
	No
	No
	No
	Yes
	Yes



	Pituitary dwarfism
	Yes
	Yes
	Yes
	No
	Yes



	Mucopolysaccharidosis
	Yes
	Irregular
	Not reported
	Yes
	Possible



	Rickets
	No
	Yes
	Yes
	Yes
	Yes











     1.13. INCREASED RADIOPACITY WITHIN BONE


It may be difficult to differentiate increased radiopacity within a bone from increased radiopacity due to superimposition of surrounding new bone. Both will produce a radiographic increased opacity often referred to as (osteo)sclerosis.
1. Technical factors causing artefactual increased radiopacity.
a. Underexposure (too low a kV or mAs).


b. Underdevelopment.


c. Intensifying screen marks.







2. Normal.
a. Normal metaphyseal condensation in the metaphysis of skeletally immature animals; also incorrectly termed ‘idiopathic osteodystrophy’.


b. Subchondral bone.


c. Physeal scar – a fine radiopaque line persisting for variable lengths of time after the growth plate has closed; however, its presence is not a reliable indicator of the animal's age.







3. Artefactual.
a. Superimposition of periosteal new bone – examine the orthogonal view.


b. Superimposition of soft tissues – look beyond the bone margins to see if soft tissue lines continue.







4. Neoplasia.
a. Primary malignant bone tumour of blastic type, although usually there is some evidence of osteolysis as well (see 1.20.1).


b. Bone metastases – may be sclerotic or osteolytic; often at atypical sites for primary tumours (e.g. diaphyses); often multiple in one bone or polyostotic (see 1.20.1 and Fig. 1.22).


c. Certain myeloproliferative disorders (see 1.13.15).


d. Cats – feline leukaemia-induced medullary osteosclerosis – rare; likely to be widespread in the skeleton.


e. Cats – feline lymphoma may cause medullary osteosclerosis – rare; likely to be widespread in the skeleton.







5. Osteomyelitis – more likely to be a mixed lesion including osteolysis (see 1.20.2 and Figs 1.28 and 1.29). If due to haematogenous spread, there are likely to be multiple, possibly bilaterally symmetrical lesions.
a. Bacterial.


b. Fungal.


c. Protozoal – leishmaniasis* – periosteal and intramedullary bone proliferation in diaphyses and flat bones, provoked by chronic osteomyelitis; mixed, aggressive bone lesions; also erosive and non-erosive joint lesions.








6. Panosteitis (Fig. 1.17) – usually immature or young adult (5–18 months old, occasionally older); especially German Shepherd dogs, although other breeds can be affected; male preponderance. The aetiology is unknown. Clinical signs are of cyclical shifting leg lameness, which may be acute and severe with pain on bone palpation; also lethargy, anorexia and pyrexia. The condition is self-limiting but may have a protracted course. Lesions are seen in diaphyses and metaphyses of long bones, and several patterns of increased radiopacity may occur.
• Ill-defined medullary patches often near the nutrient foramen; main differential diagnosis is osteomyelitis.


• Coarse, sclerotic trabecular pattern.


• Increased radiopacity due to superimposed periosteal reaction, which occurs in a minority of cases.


• Narrow transverse sclerotic lines as recovery occurs; differential diagnosis is growth arrest lines. Radiographic signs may lag behind clinical signs and may be absent in early or mild cases; bone scintigraphy may be helpful in such cases.
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Figure 1.17 
Panosteitis in a humerus: patches of increased medullary radiopacity, coarse trabeculation and smooth periosteal reaction.











7. Growth arrest lines – fine, transverse sclerotic lines due to periods of arrested and increased growth, of no clinical significance; differential diagnosis is panosteitis.


8. Metaphyseal osteopathy (hypertrophic osteodystrophy) – young dogs, especially the distal radius and ulna; initially radiolucent metaphyseal bands ± sclerotic borders; later superimposed periosteal new bone adds to increased radiopacity (see 1.24.4 and Fig. 1.31).


9. Fractures – if impaction of bone or overlapping of fragments occurs, a sclerotic band rather than a bone defect may be seen.
a. Folding fractures.
– Greenstick fractures (single cortex) in young animals.


– Osteopenia, especially nutritional secondary hyperparathyroidism (see 1.16.4 and Fig. 1.20).







b. Compression or impaction fractures – especially vertebrae; predisposed to by osteopenia.


c. Superimposition of overridden fragments seen on one radiographic projection but shown to be displaced using orthogonal view.


d. Healing fracture.







10. Osteopenia (see 1.16) – sparing of subchondral bone and bone along epiphyseal and metaphyseal margins of growth plates creates apparent sclerotic bands, which are probably artefactual and arise from increased contrast with the osteopenic bone.


11. Lead poisoning – in rare cases, thin sclerotic bands are seen in the metaphyses of long bones and vertebrae of young animals suffering lead poisoning; also causes osteopenia.


12. Canine distemper – bands of metaphyseal sclerosis paralleling the physis may been seen; differential diagnosis is metaphyseal osteopathy (hypertrophic osteodystrophy; possible link between this and canine distemper vaccination in Weimaraners).


13. Hypervitaminosis D – alternating areas of sclerosis and bone resorption in metaphyses and diaphysis together with periosteal and endosteal new bone; however, bone changes are rare, as the animal is more likely to show soft tissue mineralization and to die from renal failure (see 12.2).


14. Bone infarcts – rare; multiple irregular sclerotic patches in medullary cavities of limb bones and cranial diploë; may be associated with, or lead to, osteosarcoma. Mainly smaller breeds (e.g. Shetland Sheepdog, Miniature Schnauzer). Cause unknown, possibly vascular disease leading to hypoxia.


15. Osteopetrosis (osteosclerosis fragilis, marble bone disease, chalk bones) – rare disease in which primary and/or secondary spongiosa persists in marrow cavities due to a defect in osteoclastic resorption; produces a diffuse increase in bone radiopacity (osteosclerosis) with coarsening of trabeculae, thickening of cortices and progressive obliteration of the medullary cavity; the bones are brittle, and pathological fractures may occur. May cause anaemia if medullary cavities are severely compromised (myelophthistic anaemia).
a. Congenital.
– Autosomal recessive gene, usually lethal but some animals may survive into adulthood.


– Hereditary anaemia in the Basenji.


– Sclerosing bone dysplasia – an inherited subset of osteochondrodysplasia causing generalized osteosclerosis with obliteration of nasal turbinates and nasolacrimal duct obstruction.







b. Acquired (the disease is poorly understood, and it is not known whether all such cases are truly acquired or whether some represent a late manifestation of an inherited disease).
– Chronic dietary excess of calcium.


– Chronic vitamin D toxicity.


– Myelofibrosis.


– Idiopathic.












16. Osteoid osteoma has been described in the humerus of a dog and the mandible of a cat and is a benign lesion consisting of vascular osteoid tissue in the medullary cavity surrounded by an area of sclerotic bone. These are well described in humans, occurring usually in males under 25 years in the femur and tibia.


17. Cats – diffuse osteosclerosis of the skeleton may be seen as an incidental finding or associated with renal failure, leukaemia, myeloproliferative disease or systemic lupus erythematosus.










     1.14. PERIOSTEAL REACTIONS


Periosteal reactions forming new bone may be localized or diffuse depending on the aetiology. Localized periosteal reactions appearing as bony masses are also described in Section 1.15. In some cases, periosteal elevation caused by underlying pathology may be visualized ultrasonographically, and fine needle aspiration may be performed using ultrasound guidance.
1. Trauma.
a. Direct blow to the cortex, producing periosteal stimulation (a single episode or repetitive milder trauma).


b. Periosteal tearing or elevation associated with fractures; especially young animals.


c. Subperiosteal haematoma – often caudal skull in dogs with prominent nuchal crest; also sometimes in dogs with coagulopathies (e.g. Dobermann Pinschers with von Willebrand's disease).


d. Reactive (e.g. beneath a lick granuloma).







2. Infection (more likely to produce a diffuse reaction in young animals in which the periosteum is loosely attached).
a. Bacterial – often solitary and associated with an open wound (trauma, surgery); focal anaerobic osteomyelitis occurs following bite wounds, with a small central sequestrum surrounded by a raised, ring-like periosteal reaction. May be multifocal if haematogenous spread.


b. Fungal – may be multifocal due to haematogenous spread; more often mixed osteolytic–proliferative lesion (see 1.20.2 and Figs 1.28 and 1.29).


c. Protozoal.
– Leishmaniasis* – a spectrum of periosteal reactions varying from smooth to irregular; also intramedullary sclerosis, mixed bone lesions and erosive or non-erosive joint disease.


– Hepatozoonosis* – chronic myositis, debilitation and death, often with periosteal reactions varying from subtle to dramatic. Mainly Hepatozoon americanum, which produces periosteal new bone on long bones, ilium and vertebrae, probably via a humoral mechanism. The main differential diagnosis is hypertrophic osteopathy, but the distribution of lesions is different, usually affecting more proximal limb sites and/or the axial skeleton.







d. Cats – feline tuberculosis – various Mycobacterium species (rare). Also mixed lesions, discospondylitis and arthritis.







3. Neoplasia – early malignancy (primary bone, metastatic or soft tissue tumours before osteolysis becomes apparent). Follow-up radiography may help to distinguish neoplasia from infection or trauma.


4. Panosteitis – severe cases may show a mild, smooth or lamellated periosteal reaction on the diaphyses (see 1.13.6 and Fig. 1.17). The diagnosis is usually obvious from the signalment and clinical signs and the presence of typical medullary lesions.


5. Metaphyseal osteopathy (hypertrophic osteodystrophy) – advanced cases show bilateral collars of periosteal new bone and paraperiosteal soft tissue mineralization around the metaphyses, which may obscure the characteristic mottled metaphyseal band (see 1.24.4 and Fig. 1.31). Subsequent remodelling causes thickening of metaphyses. In severe cases, the adjacent physis may become bridged, resulting in a subsequent angular limb deformity.



6. Hypertrophic (pulmonary) osteopathy (HPO, Marie's disease) (Fig. 1.18) – florid periosteal new bone on the diaphyses of long bones, usually beginning distally in the limb, although can extend proximally to scapula or pelvis; bilaterally symmetrical, with overlying soft tissue swelling due to oedema. In the digits, it is most severe on the abaxial margins of digits II and V. The new bone may appear in several patterns: palisading, irregular, brush border, lamellated or smooth and solid depending on the stage of the disease. The thorax and abdomen should be imaged to look for an underlying lesion. This is usually primary or secondary pulmonary neoplasia, but a variety of other causes have been implicated, including non-neoplastic pulmonary disease, other intrathoracic masses, oesophageal disease (especially neoplastic transformation of Spirocerca lupi granulomas), infective endocarditis and bladder neoplasia. Theories as to cause include pulmonary shunting, vagal nerve stimulation, humoral substances produced by neoplastic cells and megakaryocyte or platelet clumping. The diagnosis is usually obvious from the nature and distribution of the periosteal reaction and detection of a primary lesion. HPO is rare in cats. The main differential diagnosis is hepatozoonosis* (see 1.14.2).
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Figure 1.18 
Hypertrophic pulmonary osteopathy: palisading periosteal new bone mainly on abaxial surfaces of bones, with overlying diffuse soft tissue swelling.











7. Craniomandibular osteopathy (mainly Terriers, especially West Highland White Terrier, but seen sporadically in other breeds) – florid periosteal new bone on the skull, particularly the mandible and tympanic bullae (see 4.11.1 and Fig. 4.6). Masses of paraperiosteal new bone adjacent to distal ulnar metaphyses, similar to metaphyseal osteopathy (hypertrophic osteodystrophy), are occasionally seen (see 3.5.16 and Fig. 3.14).


8. Cats – hypervitaminosis A – focal periosteal new bone around vertebrae (mainly cervical or thoracic), joints (especially elbow and stifle), sternum, ribs and occipital bone. May lead to joint ankylosis. Usually young adult cats on raw bovine liver diets; differential diagnosis is mucopolysaccharidosis.


9. Cats – mucopolysaccharidosis – mainly spinal changes similar to hypervitaminosis A (see 2.5.14 and 5.4.9). Differential diagnosis is hypervitaminosis A. Rare in dogs.










     1.15. BONY MASSES


See also Sections 1.10, Altered shape of long bones and 1.14, Periosteal reactions.


Differential diagnoses for bony masses include mixed osteoproductive–osteolytic lesions in which new bone predominates and obscures underlying lysis, and soft tissue mineralization that is close to or superimposed over bone, for example calcinosis circumscripta (see 12.2.2 and Fig. 12.1).
1. Trauma.
a. Exuberant, localized periosteal reaction following direct injury.


b. Large fracture callus – due to movement, infection, periosteal stripping.


c. Hypertrophic non-union – bone defect at the fracture line should be evident.


d. Rhino horn callus from periosteal stripping caudal to the femur, associated with femoral fracture.







2. Neoplasia.
a. Osteochondroma (when single) or osteochondromatosis or multiple cartilaginous exostoses (when multiple) (Fig. 1.19). Rare: a skeletal dysplasia rather than a true neoplastic process. In dogs, seen when skeletally immature at osteochondral junctions, for example long bone metaphyses (often bilateral), ribs and costochondral junctions, pelvis and vertebrae. Hereditary tendency for multiple lesions; especially Terriers. Generally smooth, cauliflower-like or nodular projections with cortex and medulla continuous with underlying bone, but may appear more granular and aggressive during the active growth phase. Lesions in long bones may be more irregular than those elsewhere, and those arising at growth plates may cause limb shortening or angular limb deformities. While still ossifying, they may appear not to be attached to underlying bone and may mimic calcinosis circumscripta (see 12.2.2 and Fig. 12.1). Osteochondromata in ribs may mimic healing rib fractures. Growth of osteochondromata ceases at skeletal maturity, but malignant transformation to osteosarcoma or chondrosarcoma has been reported. In cats, seen in young, mature animals, usually 2–4 years old at diagnosis; possibly with a viral aetiology (test for feline leukaemia virus). Lesions are similar to those in dogs. They arise from the perichondrium of flat or irregular bones such as the skull, ribs and pelvis and may continue to grow, becoming more aggressive; as in dogs, malignant transformation may occur. Also reported as amorphous and linear opacities in the surrounding soft tissues. In older cats, osteocartilaginous exostoses, often around the elbows, may represent the same condition.


b. Osteoma (benign) – rare, usually skull; often younger dogs; especially Mastiff types. Dense, bony mass without underlying osteolysis.


c. Ossifying fibroma – skull.


d. Multilobular tumour of bone (syn. osteochondrosarcoma, chondroma rodens) – skull (see 4.6.3 and Fig. 4.3); often have a characteristic stippled appearance.


e. Predominantly osteoblastic primary malignant bone tumour – mainly metaphyses of long bones; also skull.


f. Parosteal or juxtacortical osteosarcoma (see 3.11.12 and Fig. 3.29) – rare; radiographically and pathologically distinct from other osteosarcomata. Slow-growing, sclerotic, smooth or lobulated, non-aggressive or low-grade malignant bony mass arising from periosteal connective tissue with little or no underlying osteolysis; seen especially around the stifle on the caudal aspect of the distal femur but also reported affecting other long bones, skull, vertebrae and ribs. Periosteal and high-grade surface osteosarcomas also occur on the outside of bones but are more aggressive in appearance and behaviour.







3. Enthesiopathies (osteophytes forming within ligamentar insertions).
a. Normal prominence of apophyses in chondrodystrophic breeds; bilaterally symmetrical (see 1.10.1 and Fig. 1.16).


b. Enthesiopathies in individuals of other breeds suffering from chondrodysplasias; bilaterally symmetrical.


c. Enthesiopathies in specific tendon and ligament attachments (see Ch. 3).


d. Disseminated or diffuse idiopathic skeletal hyperostosis (DISH) – spurs of new bone mainly on the spine but also periarticular new bone and enthesiopathies in the limbs (see 5.4.5).







4. Proliferative joint diseases may result in bony masses associated with joints (see also 2.5).
a. Severe osteoarthritis.


b. Disseminated idiopathic skeletal hyperostosis.


c. Synovial osteochondromatosis (see 2.8.18 and Fig. 2.7).


d. Cats – osteochondromata or osteocartilaginous exostoses – especially the elbows.


e. Cats – hypervitaminosis A; especially the elbow and stifle, although spinal changes predominate (see 5.4.8).


f. Cats – mucopolysaccharidosis (see 2.5.14 and 5.4.9).







5. Craniomandibular osteopathy – masses of periosteal new bone on the skull, mainly mandibles and tympanic bullae; occasionally see limb changes (see 3.5.16, 4.10.1 and Figs 3.14 and 4.6).


6. Calvarial hyperostosis in Bullmastiffs (see 4.6.2).










     1.16. OSTEOPENIA



Osteopenia is a radiographic term meaning reduction in radiographic bone radiopacity. This may be due to osteoporosis (reduced bone mass but normal ratio of organic matrix and inorganic salts) or osteomalacia (organic matrix present in excess due to failure of mineralization), and these cannot be differentiated radiographically. This section lists differential diagnoses for diffuse osteopenia usually affecting the whole skeleton, or in the case of disuse, a whole limb. More localized areas of osteopenia are described in Section 1.18, Osteolytic lesions. Focal osteopenia is more easily recognized than diffuse osteopenia, due to contrast with surrounding normal bone. However, radiography is relatively insensitive for bone loss, because approximately 30–60% of the mineral content of bone must be lost before being radiographically evident.


Osteopenia is most readily apparent in parts of the skeleton with high bone turnover, such as trabeculated bone in the metaphyses and epiphyses of long bones, vertebrae and the skull. The radiographic signs of osteopenia are:
• a reduction in bone radiopacity compared with soft tissues


• thinning of cortices, sometimes with a double cortical line


• relative sparing of subchondral bone leading to apparent sclerosis, especially in the endplates of the vertebrae and adjacent to physes


• coarse trabeculation due to resorption of smaller trabeculae


• pathological folding or compression fractures, which are seen as distortion of the contour of the bone and bands of increased opacity.







Most causes of osteopenia are metabolic diseases, and the aetiology may be complex. The condition is reversible if the cause is corrected. Osteopenia may also be mimicked by incorrect technical factors during radiography.
1. Technical factors causing artefactual osteopenia (see Appendix).
a. Overexposure.


b. Overdevelopment.


c. Fogging of the film (numerous causes).







2. Artefactual due to changes in the thickness of overlying soft tissue.
a. Reduction in overlying soft tissue, leading to relative overexposure of the bone (e.g. in a limb with chronic disuse) – compare with the opposite limb if possible.


b. Increase in surrounding soft tissue in obese dogs, especially affecting spinal radiographs; the increased kV required produces more Compton scatter, resulting in loss of visualization of trabeculae and apparent osteopenia.







3. Disuse (limb) – paralysis, fracture or severe lameness; often most severe distal to a fracture and affecting particularly epiphyses and the cuboidal bones of the carpus and tarsus.


4. Hyperparathyroidism (osteitis fibrosa cystica, fibrous osteodystrophy). Metastatic calcification may occur secondarily in soft tissues such as the kidneys, gastric rugae and major blood vessels (see 12.2).
a. Nutritional secondary hyperparathyroidism (juvenile osteoporosis, butcher's dog disease) (Fig. 1.20) – especially seen in young animals due to high skeletal activity. Seen after weaning when on a high-meat diet that is low in calcium and high in phosphorus. Clinical signs of lameness, lordosis and para- or tetraplegia due to folding fractures occur. More common in cats than in dogs.


b. Renal secondary hyperparathyroidism (renal rickets, renal osteodystrophy) – chronic renal failure in young animals with renal dysplasia or in older animals with chronic renal disease; mainly affects the skull, causing rubber jaw (see 4.9.5 and Fig. 4.5), but other skeletal changes may also be seen as above.


c. Primary hyperparathyroidism – rare; parathyroid gland hyperplasia or neoplasia.


d. Pseudohyperparathyroidism; hypercalcaemia of malignancy – various neoplastic causes, especially lymphoma and anal sac adenocarcinoma; also mammary adenocarcinoma, myeloma, gastric squamous cell carcinoma, thyroid adenocarcinoma, testicular interstitial cell tumours.


e. Other causes of secondary hyperparathyroidism (e.g. pregnancy and lactation, vitamin D deficiency, acidosis, osteomalacic anticonvulsant therapy).







5. Corticosteroid excess.
a. Hyperadrenocorticism – Cushing's disease.


b. Iatrogenic – long-term corticosteroid administration.







6. Senility – especially aged cats.


7. Chronic protein deprivation or loss.
a. Starvation.


b. Liver disease.


c. Malabsorption.







8. Hyperthyroidism.


9. Diabetes mellitus.


10. Panosteitis – not a true osteopenia but residual changes include paucity of trabeculae in long bones, giving a hollow appearance, although the cortices are of normal thickness and radiopacity.


11. Rickets – probably via associated nutritional secondary hyperparathyroidism (see 1.23.8 and Fig. 1.30).


12. Multiple myeloma (plasma cell myeloma) – genuine osteopenia; also apparent osteopenia due to confluence of areas of osteolysis (see 1.18.2 and Fig. 1.24).


13. Osteogenesis imperfecta – a rare inherited type I collagen defect characterized by osteopenia and excessive bone fragility and resulting in multiple pathological fractures; it may occur with dentinogenesis imperfecta, in which teeth also fracture. Seen in young animals, so the main differential diagnosis is nutritional secondary hyperparathyroidism.


14. Lead poisoning in immature animals; sclerotic metaphyseal lines may also be seen.


15. Hypervitaminosis D – a massive intake in a young animal can produce osteopenia with bone deformity and retarded growth, but the main changes are soft tissue calcification (see 12.2).


16. Copper deficiency.


17. Prolonged high-dose anticonvulsant therapy – primidone, phenytoin and phenobarbitone in humans, although effects in animals are not proven; due to liver damage and effect on vitamin D production.


18. Cats – hypervitaminosis A – osteopenia due to reduced periosteal activity, disuse and concomitant nutritional secondary hyperparathyroidism; however, the proliferative spine and joint changes predominate.


19. Cats – mucopolysaccharidosis and mucolipidosis – as hypervitaminosis A; may occur rarely in dogs (see 5.4.9).










     1.17. COARSE TRABECULAR PATTERN



1. Osteopenia – osteopenia is most apparent in areas of trabecular bone, because here bone turnover is highest. Small trabeculae are resorbed first, leaving a coarse trabecular pattern due to the remaining larger trabeculae. For causes, see Section 1.16.


2. Panosteitis – coarse, sclerotic trabeculae may be seen in large or small patches or arising from the endosteal surface of the cortices (see 1.13.6 and Fig. 1.17). In a dog of suggestive age and breed, this finding is usually considered pathognomonic for the disease.


3. Distal ulnar and/or radial metaphyseal changes consisting primarily of thickened trabeculae have been described as an incidental finding in young Newfoundland dogs in Norway (see 3.4.11).


4. Multiple myeloma (plasma cell myeloma) – the disease may produce multiple confluent osteolytic lesions and osteopenia, which together can create an apparent coarse trabecular pattern (see 1.18.2 and Fig. 1.24).


5. Osteopetrosis (see 1.13.15).









     1.18. OSTEOLYTIC LESIONS


Ultrasonography is increasingly being used for various areas of the skeletal system. Although the ultrasound beam cannot penetrate normal bone, it can show areas of superficial osteolysis such as cortical defects, allowing the needle to be guided into the bone for fine needle aspiration biopsy, which will sometimes give a cytological diagnosis. Adjacent soft tissue masses may also be aspirated under ultrasound guidance. The procedure does not always require general anaesthesia and is therefore rapid and cost-effective as well as being less invasive than a bone biopsy. However, a negative ultrasound-guided fine needle aspiration biopsy does not rule out neoplasia and should be followed by a tissue core biopsy and histological analysis.
1. Artefactual.
a. Superimposition of skin defect or gas in an open wound.


b. Superimposition of anal sac gas on the ischium on ventrodorsal pelvic radiographs.







2. Neoplasia (see 1.19.1 and 1.20.1).
a. Primary malignant bone tumour of osteolytic type (especially in cats) (Fig. 1.21), although usually there is some evidence of new bone production as well.


b. Bone metastases (Fig. 1.22) – may be osteolytic or sclerotic; usually in atypical sites for primary tumours (e.g. diaphyses); often multiple in one bone or polyostotic. Metastatic carcinoma is predominantly osteolytic without accompanying new bone. Any primary tumour may metastasize, but mammary tumours are over-represented.


c. Malignant soft tissue tumour invading bone (Fig. 1.23) – usually soft tissue swelling and cortical destruction starting subperiosteally are obvious. If near a joint, more than one bone may be affected (see 2.4.7 and Fig. 2.4). Haemangiosarcoma, synovial sarcoma, histiocytic sarcoma (malignant histiocytosis), plasmacytoma and liposarcoma are predominantly osteolytic with an aggressive appearance. Infiltrative lipoma or liposarcoma will have a characteristic fat opacity.


d. Lymphoma – usually predominantly osteolytic lesions, which may be multifocal; tendency for pathological fracture.


e. Multiple myeloma (plasma cell myeloma) (Fig. 1.24) – discrete, punched-out osteolytic areas of variable size and lacking any sclerotic margin; usually multiple, confluent or polyostotic, less often solitary. Where lesions are confluent, the affected bone has a polycystic or marbled appearance or may appear osteopenic with coarse trabeculation. Mainly affects pelvis, spine, ribs, and long bones. Pathological fractures are common.







3. Infection, osteomyelitis (see 1.20.2 and Figs 1.28 and 1.29).
a. Bacterial.
– Osteolytic halo around infected teeth due to periapical granuloma; differential diagnosis is renal secondary hyperparathyroidism (see 4.9.5 and Fig. 4.5).


– Around sequestra.


– Around metallic implants; differential diagnoses are movement, bone necrosis due to heat from high-speed drill, artefact around metallic implant on some digital radiographs.


– At fracture sites, especially following an open wound.



– Haematogenous osteomyelitis, especially in metaphyses; differential diagnosis is metaphyseal osteopathy (hypertrophic osteodystrophy) (see 1.24.4 and 1.24.5 and Figs 1.31 and 1.32).
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Figure 1.32 
Metaphyseal osteomyelitis: the osteolysis is more diffuse and aggressive than with metaphyseal osteopathy.
















b. Fungal* – usually spread by the haematogenous route and therefore likely to be multiple lesions.


c. Protozoal – leishmaniasis* – may cause severe osteolytic arthritis.







4. Trauma.
a. Superimposition of skin defect or gas in open wound.


b. Fracture line before full bridging.


c. Osteolytic halo around surgical implants caused by infection, movement or bone necrosis due to the use of a high-speed drill; also artefactual on some digital radiographs.


d. Stress protection – a localized area of osteopenia and bone weakness at the end of a bone plate.







5. Pressure atrophy – a smoothly bordered area of superficial bone loss due to pressure from an adjacent mass (e.g. rib tumour, mass between digits, elastic band around limb).


6. Fibrous dysplasia – rare fibro-osseous defect of bone thought to be developmental in origin as mainly seen in young animals; mono- or polyostotic osteolytic lesions that may undergo pathological fracture. Often the adjacent mid-radial and mid-ulnar diaphyses.


7. Idiopathic multifocal osteopathy – one report of four adult Scottish Terriers in which there was multifocal absence of bone, mainly affecting the spine. However, it was unclear whether this was true osteolysis or failure of the bone to form.


8. Osteolytic lesions at specific locations.
a. Metaphyseal osteopathy (hypertrophic osteodystrophy; see 1.24.4 and Fig. 1.31).


b. Metaphyseal osteomyelitis (see 1.24.5 and Fig. 1.32).


c. Retained cartilaginous cores (see 1.24.3, 3.5.3 and Fig. 3.12) – not truly osteolytic but areas of non-ossification of cartilage.


d. Large osteochondrosis lesions – not truly osteolytic but areas of non-ossification of cartilage.


e. Avascular necrosis of the femoral head (Legg–Calvé–Perthes disease) – young dogs of Terrier breeds – may affect both hips (see 3.9.4 and Fig. 3.24).


f. Intraosseous epidermoid cysts – rare in bone; usually osteolytic; distal phalanges and vertebrae.


g. Physeal dysplasia, slipped capital femoral epiphysis and feline femoral neck metaphyseal osteopathy with subsequent bone resorption of the femoral neck (see 3.9.6 and 3.9.10 and Fig. 3.25).















     1.19. EXPANSILE OSTEOLYTIC LESIONS


The following lesions are likely to be expansile, that is, they are osteolytic lesions arising within bones, which displace the cortex progressively outwards and cause predominantly thinning rather than frank lysis of the cortex. Pathological fracture may occur. They are usually benign or of low-grade malignancy.
1. Neoplasia.
a. Giant cell tumour (osteoclastoma) (Fig. 1.25) – a rare tumour usually seen in the epiphyses and metaphyses of long bones, especially the distal ulna. Expansile, osteolytic lesion with multiloculated, septate appearance and variable transition to normal bone. May look identical to a bone cyst, but the patients are usually older.


b. Rarely, other non-osteogenic malignancies may appear expansile.


c. Enchondroma (single) or enchondromatosis (multiple) – syn. osseous chondromatosis, dyschondroplasia, Ollier's disease. Rare; larger breeds. A benign but debilitating condition in which foci of physeal cartilage are displaced through the metaphyses into the diaphyses, causing weakening of the bone due to expansile, non-ossified lesions; animals usually present while immature due to pathological fractures.


d. Osteochondroma or multiple cartilaginous exostoses – may appear expansile because the cortex is continuous with underlying bone (see 1.15.2 and Fig. 1.19).







2. Benign bone cysts (Fig. 1.26) – rare, mainly young dogs of large breeds; male predominance; often distal radius or ulna. Expansile, often septated, osteolytic lesions that may appear identical to giant cell tumours, although affected dogs are generally younger. The lesion is likely to be confined to the metaphysis, not crossing the growth plate, although it may migrate along the diaphysis with skeletal maturity. Usually single (unicameral, monostotic), occasionally multiple (polyostotic).


3. Aneurysmal bone cysts appear similar but are due to vascular anomalies such as arteriovenous fistulae or vascular defects resulting from trauma or neoplasia; an enlarged nutrient foramen may be seen. Usually older animals. Doppler ultrasound through the thin cortices may demonstrate blood flow.


4. Fibrous dysplasia (see 1.18.6) – may be expansile.


5. Bone abscess – rare.










     1.20. MIXED OSTEOLYTIC–OSTEOGENIC LESIONS


Because bone can respond to disease or injury only by loss of bone or by production of new bone, diseases of different aetiology can appear very similar radiographically. One of the main challenges for the radiologist is to distinguish between neoplasia and infection, although it may be impossible to do this with certainty, and a biopsy, follow-up radiographs or other tests may be required. There may be an equal combination of bone destruction and new bone production, and the mixed nature of the lesion may be obvious; in other cases, one or other process may predominate.


Ultrasound-guided fine needle aspiration of bone lesions that involve osteolysis is possible and may give a cytological diagnosis (see 1.18).
1. Neoplasia.
a. Primary malignant bone tumour (Fig. 1.27) – primary malignant bone tumours are usually confined to single bones and rarely cross joints. Eighty per cent are osteosarcoma; also chondrosarcoma, fibrosarcoma and tumours arising from soft tissue elements such as haemangiosarcoma, histiocytic sarcoma and liposarcoma. It is impossible to differentiate histological types radiographically. In dogs, osteosarcoma usually arises in long bone metaphyses in larger breeds (especially the proximal humerus and distal radius, the thoracic limb being affected twice as often as the pelvic limb), although any bone including the axial skeleton may be affected by malignancy. Most are endosteal in origin, but periosteal and parosteal osteosarcomas may occur. Affected dogs are usually middle- to old-aged, although a smaller population is affected at 1–2 years of age. Primary malignant bone tumours are usually mixed osteolytic–proliferative and aggressive with a wide transition zone to normal bone, although some lesions may appear almost entirely osteolytic (osteoclastic type) or proliferative (osteoblastic type). New bone production varies from minimal to florid, and in the case of osteosarcoma includes tumour bone as well as reactive bone. High-grade tumours tend to show more cortical destruction and surrounding soft tissue swelling than low-grade tumours. Pathological fracture may occur. Lung metastases are common in most dog breeds, although in small dogs the tumours may be less aggressive and less likely to metastasize. In cats, osteosarcomas tend to be mainly osteolytic and are more often seen in the pelvis and pelvic limb. They are less aggressive in their behaviour than in larger dogs, with a relatively low metastatic rate. Osteosarcomas may occasionally arise at the site of previous fractures, chronic infection, infarcts or radiation therapy, sometimes years later.


b. Bone metastases – mixed, fairly aggressive lesions, although lysis or sclerosis may predominate strongly and periosteal reaction may be minimal; usually in atypical sites for primary tumours, such as diaphyses; often multiple in one bone or polyostotic. Rarer than in humans; usually from primary tumours of epithelial type such as mammary or prostate. The main differential diagnosis is osteomyelitis, especially where fungal diseases are endemic; sclerotic lesions may mimic panosteitis, although patients with metastases are likely to be older. Scintigraphy using technetium-99m methylene diphosphonate is more sensitive for bone metastases than is radiographic screening.


c. Malignant soft tissue tumour invading bone – osteolysis usually predominates, although there may be some bony reaction or pre-existing osteoarthritis. If arising near a joint, more than one bone may be affected (see 1.18.2, 2.4.7 and Figs 1.23 and 2.4).


d. Neoplastic transformation at the site of a previous fracture – rare but well recognized in humans and animals. Usually several years after internal fixation – postulated causes include the presence of a metallic implant or chronic low-grade infection. Radiographic signs are of an active and aggressive lesion superimposed over obvious previous fracture; differential diagnosis is chronic infection.


e. Benign bone tumours may occasionally show lysis as well as a bony mass (osteoma, osteochondroma) or bone reaction as well as lysis (enchondroma).







2. Infection – bone inflammation and infection (osteomyelitis) generally produces a mixed osteolytic–proliferative bone lesion, although the proportions of bone loss and new bone production vary. The lesions are often hard to differentiate from neoplasia, but soft tissue swelling is often more marked with infection. Small pockets of gas may be seen if gas-producing organisms are present.
a. Bacterial.
– Solitary lesions in older animals are usually associated with a known wound, surgery, extension from soft tissue infection or a migrating foreign body. In the acute stage, osteomyelitis is a mixed, fairly aggressive lesion but is more likely to show a surrounding sclerotic zone (due to walling off) than is neoplasia (Fig. 1.28). Chronic or resolving osteomyelitis appears less aggressive, and new bone formation may predominate. Sequestrum or involucrum formation is an occasional finding (Fig. 1.29). Pathological fractures are less common than with neoplasia. Osteomyelitis predisposes to delayed or non-union of fractures and causes osteolysis around surgical implants. Differential diagnoses are movement of implant, necrosis from high-speed drill, artefact around metallic implants on some digital radiographs.


– Multiple lesions, often bilaterally symmetrical, are seen with haematogenous osteomyelitis, which is more common in young animals. Especially in metaphyses due to sluggish blood flow. Aggressive osteolytic lesions result, with surrounding sclerosis and/or periosteal reaction; pathological fracture may occur. Differential diagnosis is metaphyseal osteopathy (hypertrophic osteodystrophy) in young dogs (see 1.24.4 and 1.24.5 and Figs 1.31 and 1.32).


– A mycetoma is a localized, suppurative, granulomatous, inflammatory lesion with sinus formation, which shows a predilection for skin, subcutis, fascia and bone. Lesions usually develop following traumatic implantation of soil organisms into the tissues. The cause may be bacterial (actinomycotic mycetoma) or fungal (eumycotic mycetoma).







b. Fungal – usually spread haematogenously, producing single or multiple lesions, again often metaphyseal. Usually aggressive, mixed osteolytic–proliferative bone lesions. Main differential diagnosis is metastatic neoplasia, but with fungal infection the patient is more likely to be systemically ill; also consider bacterial osteomyelitis.
– Coccidioidomycosis* – pyrexia and depression with respiratory, skin, ocular and skeletal lesions; 90% of the bone lesions are in the appendicular skeleton, mainly in the distal ends of long bones.


– Blastomycosis* – affects mainly large-breed, young male dogs, causing a spectrum of syndromes as above; 30% of dogs have bone involvement, with lesions usually solitary and distal to the elbow or stifle.


– Aspergillosis* – as well as destructive rhinitis, other aggressive bone lesions (e.g. discospondylitis) and pneumonia have been reported in the German Shepherd dog and immunocompromised patients in areas where other fungal diseases are not endemic (e.g. the UK).


– Histoplasmosis* – various systemic illnesses (mainly gastrointestinal in the dog); rarely causes osteolytic or mixed bone lesions.


– Cryptococcosis* – usually part of a more generalized disease process, especially in immunosuppressed patients.


– Mycetoma – see above.







c. Protozoal – leishmaniasis* – may cause multifocal, often bilateral bone lesions that are mainly diaphyseal periosteal reactions and increased intramedullary radiopacity, especially near the nutrient foramen; another common presentation is erosive or non-erosive joint disease (see 2.4.12).


d. Cats – feline tuberculosis – various Mycobacterium species (rare). Skin and lung lesions predominate but occasionally aggressive mixed bone lesions are seen; also periosteal reactions, discospondylitis and osteoarthritis.







3. Trauma.
a. Healing fracture – partial bridging of the fracture line with resorption of damaged bone.


b. Osteomyelitis at a fracture site.


c. Late neoplastic transformation at a fracture site.







4. Metaphyseal osteopathy (hypertrophic osteodystrophy) – lesions in metaphyses only; differential diagnosis is metaphyseal osteomyelitis (see 1.24.4 and 1.24.5 and Figs 1.31 and 1.32).


5. Multifocal idiopathic pyogranulomatous bone disease – sterile, polyostotic bone disease thought to be part of the group of histiocytic diseases.


6. Canine leucocyte adhesion deficiency (CLAD) (see 1.24.9).








     Differentiating malignant bone neoplasia from osteomyelitis



• The degree and extent of osteolysis is usually greater in malignancy, and the cortex is more likely to be breached.


• Pathological fracture is therefore more likely with neoplasia.


• Periosteal new bone formation is much more irregular in neoplasia, with a tendency to form spicules, often radiating out from the centre of the lesion, whereas with osteomyelitis the new bone tends to be more solid and extensive.


• A Codman's triangle of new bone at one end of the lesion is more likely to be associated with neoplasia.


• Sequestrum formation may occur with osteomyelitis but not neoplasia.


• Most primary malignant bone tumours affect only a single bone and rarely cross joints.


• Soft tissue swelling is often more extensive with acute osteomyelitis, and gas bubbles may be seen due to gas-producing organisms.


• The thorax should be radiographed to check for lung metastases if there is a suspicion of neoplasia.


• Ultrasonography may be used to look for abdominal metastases.











     1.21. MULTIFOCAL DISEASES


Multifocal diseases may produce more than one lesion in the same bone (monostotic) or may affect multiple bones (polyostotic). For multifocal joint diseases, see 2.7.



     Multiple lesions of increased radiopacity (see 1.13)



1. Panosteitis (see 1.13.6 and Fig. 1.17).


2. Sclerotic bone metastases.


3. Haematogenous osteomyelitis, especially fungal.


4. Bone infarcts – rare.


5. Osteopetrosis – rare (see 1.13.15).









     Multiple lesions of reduced radiopacity (see 1.18 and 1.19)



6. Osteolytic bone metastases.


7. Disseminated histiocytic sarcoma – especially Rottweilers.


8. Multiple myeloma (plasma cell myeloma) (see 1.18.2 and Fig. 1.24).


9. Enchondromatosis (see 1.19.1).


10. Lymphoma – may occasionally produce multiple or polyostotic osteolytic bone lesions; prone to pathological fracture.


11. Multiple bone cysts (more often single) (see 1.19.2 and Fig. 1.26).


12. Metaphyseal osteopathy (hypertrophic osteodystrophy) – early cases show a radiolucent metaphyseal band (see 1.24.4 andFig. 1.31).


13. Metaphyseal osteomyelitis (see 1.24.5 and Fig. 1.32).


14. Disuse osteopenia – seen especially in epiphyses and small bones.









     Multiple lesions of mixed radiopacity (see 1.20)



15. Bone metastases.


16. Haematogenous osteomyelitis.
a. Fungal*.


b. Bacterial, especially in young animals.


c. Protozoal – leishmaniasis*.







17. Multifocal idiopathic pyogranulomatous bone disease.









     Multiple mineralized or bony masses



18. Multiple cartilaginous exostoses (multiple osteochondromata) (see 1.15.2 and Fig. 1.19).


19. Calcinosis circumscripta – usually single, occasionally multiple; in soft tissues close to but not attached to bone (see 12.2.2 and Fig. 12.1).


20. Synovial osteochondromatosis – masses around joints (see 2.8.18 and Fig. 2.7).


21. Cats – hypervitaminosis A (cats over 2 years old on raw bovine liver diet) – leads to masses around joints; mainly spinal new bone but may also see exostoses near the limb joints, especially the elbow, and on the occipital bone.











     1.22. LESIONS AFFECTING EPIPHYSES


See also Chapter 2 for joint diseases in general, Chapter 3 for specific joints and Chapter 5 for vertebral epiphyseal lesions.



     Lesions usually affecting single or few epiphyses



1. Fractures (see 1.9 and Fig. 1.10) – usually Salter–Harris growth plate fractures in skeletally immature animals; types III and IV cross the epiphysis, causing disruption to the articular surface with variable displacement of the fragment. In skeletally mature animals, the commonest epiphyseal fracture is the lateral humeral condylar fracture seen especially in Spaniel breeds (see 3.4.17 and Fig. 3.10).


2. Remodelling of epiphyses due to altered stresses following angular limb deformities and traumatic subluxations (e.g. of the distal radial epiphysis following radiocarpal subluxation as a result of premature closure of the distal ulnar growth plate); may be bilateral in giant breeds.


3. Disuse osteopenia (see 1.16.3) – due to fracture or paralysis of a limb; the osteopenia usually affects the distal limb most severely, with loss of bone radiopacity especially in epiphyses and cuboidal bones (e.g. non-union of radial or ulnar fractures in toy breeds of dog, with severe osteopenia in the carpus and distal limb epiphyses). Disuse osteopenia is reversible if the cause is corrected.


4. Giant cell tumour (osteoclastoma) (see 1.19.1 and Fig. 1.25).


5. Irregularity or osteolysis of the articular surface of an epiphysis (see 2.4, 2.5 and 2.6).
a. Osteochondrosis – may be bilateral or in other joints.


b. Septic arthritis – in multiple joints if of haematogenous origin.


c. Chronic osteoarthritis – may affect more than one joint depending on the underlying cause.


d. Soft tissue tumour near a joint.


e. Avascular necrosis of the femoral head (Legg–Calvé–Perthes disease) – young dogs of Terrier breeds, especially West Highland White Terrier – may affect both hips (see 3.9.4 and Fig. 3.24).


f. Dysplasia epiphysealis hemimelica – seen in humans as a growth disorder involving preferentially the medial compartment of the lower limbs; epiphyseal hypertrophy and lack of ossification. One case has been described in a Boxer, affecting a medial femoral condyle.














     Lesions usually affecting numerous epiphyses


These include diseases that result in epiphyseal dysplasia or dysgenesis, often together with other widespread skeletal defects such as delayed growth plate closure, long bone curvature and dwarfism.
6. Normal skeletal immaturity – endochondral ossification occurs from the centre of epiphyses and apophyses, and in the young animal the bone surface may appear ragged and irregular due to normal, incomplete ossification (particularly the humeral greater tubercle and femoral condyles); compare with other animals of similar age.


7. Chondrodysplasias (dyschondroplasias) recognized in numerous breeds (e.g. Alaskan Malamute, Australian Shepherd dog**, Beagle, Bedlington Terrier**, Cocker Spaniel, Dachshund, Dobermann**, English Pointer, English Springer Spaniel**, French Bulldog, German Short-haired Pointer, Irish Setter, Japanese Akita, Labrador**, Miniature Poodle, Newfoundland, Norwegian Elkhound, Pyrenean Mountain dog, Saint Bernard, Samoyed**, Scottish Deerhound, Scottish Terrier, Shetland Sheepdog, Swedish Lapphund**; may be with ocular defects as well. Cats – Domestic Short-hair.


8. Chondrodysplasias are inherited abnormalities of endochondral ossification that produce generalized stippling and fragmentation of epiphyses on radiographs and that lead to secondary osteoarthritis. Clinically, they may mimic rickets but may be seen prior to weaning and in related animals on different diets; radiographically, rickets does not show epiphyseal changes, just physeal widening and long bone bowing. Multiple epiphyseal dysplasia (stippled epiphyses, dysplasia epiphysealis punctata) – inherited deficiency of ossification of epiphyses, apophyses and cuboidal bones; especially Beagle and Miniature Poodle.


9. Congenital hypothyroidism – especially the Boxer. A congenital disease resulting in disproportionate dwarfism; differential diagnosis is chondrodysplasia. Affected dogs suffer from epiphyseal dysgenesis leading to secondary osteoarthritis, delayed growth plate closure and shortened, bowed limbs. Facial and spinal changes are also seen (see 5.3.11).


10. Pituitary dwarfism – some cases show epiphyseal dysplasia, although this may be due to concurrent hypothyroidism.


11. Mucopolysaccharidosis types I, VI and VII – especially cats with Siamese ancestry; facial and spinal lesions with varying degrees of epiphyseal dysplasia and secondary osteoarthritis, especially in the shoulders and hips (see 5.4.9). Rarely occurs in dogs, but mucopolysaccharidosis type I (Plott Hound) and II (Pointers) are reported to cause epiphyseal dysplasia and periarticular bony proliferations and type VII to affect vertebral epiphyses.


12. Cats – mucolipidosis type II – rare; less severe epiphyseal lesions reported.












     1.23. LESIONS AFFECTING PHYSES



     Loss of physeal line



1. Poor positioning, so the growth plate is not parallel to the X-ray beam.


2. Premature closure of the growth plate due to trauma.
a. Salter–Harris type V crushing injury – probably responsible for ‘idiopathic’ premature closure of the distal ulnar growth plate in giant breeds; may be bilateral (see 3.5.4 and Fig. 3.13).


b. Bridging of the margin of a growth plate due to superimposed periosteal new bone; may be seen with metaphyseal osteopathy (hypertrophic osteodystrophy; see 1.24.4 and Fig. 1.31).














     Widening of physeal lines: single



3. Salter–Harris type I fracture with displacement (see 1.9.11 and Fig. 1.10).


4. Infection (physitis) – although haematogenous osteomyelitis more often occurs in metaphyses due to sluggish blood flow in these areas. May be associated with a portosystemic shunt. Vertebral physitis is recognized in younger dogs, affecting caudal lumbar physes.









     Widening of physeal lines: generalized


Affected animals are often stunted and may also have epiphyseal dysplasia leading to secondary osteoarthritis. Physeal lesions are often most severe in the distal radius and ulna due to the normally rapid growth rate at these sites.
5. Chondrodysplasias – variable effects on growth plates, with widening, ragged margination and delayed closure in some affected animals. Often initially misdiagnosed as rickets.


6. Congenital hypothyroidism – wide and irregular growth plates with delayed closure, particularly in the spine (see 5.3.11); especially the Boxer.


7. Pituitary dwarfism – some cases may show wide and irregular growth plates with delayed closure, perhaps due to concomitant hypothyroidism.


8. Rickets (juvenile osteomalacia) (Fig. 1.30).
a. Now rare, due to a dietary deficiency of phosphorus or vitamin D and seen after weaning.


b. Hypovitaminosis D due to failure to absorb vitamin D (e.g. extrahepatic biliary atresia or common bile duct obstruction in young animals).


c. Hypovitaminosis D due to failure to metabolize vitamin D – vitamin D-dependent rickets types I and II are due to gene mutations leading to errors of vitamin D metabolism.


d. Renal dysplasia preventing final hydroxylation pathway to create active metabolite.







 Physes are wide transversely and longitudinally due to failure of ossification and accumulation of unmineralized osteoid; metaphyses flare laterally and show beaked margins due to continued periosteal bone growth. Long bones are shortened and may be bowed, leading to stunting; osteopenia may be present due to concomitant nutritional secondary hyperparathyroidism. Unlike hereditary chondrodysplasias, the epiphyses are normal.


9. Infection – haematogenous physitis may affect more than one growth plate.


10. Copper deficiency.










     Masses arising at physes


11. Osteochondroma (single) or multiple cartilaginous exostoses (multiple) – arise at osteochondral junctions in young dogs, so are often seen protruding from the site of previous growth plates (see 1.15.2 and Fig. 1.19).










     1.24. LESIONS AFFECTING METAPHYSES



1. Normal cut-back zone – area of cortical remodelling adjacent to the physis in young dogs, which results in an irregular bone surface (see 1.3 and Fig. 1.1A).


2. Neoplasia.
a. Primary malignant bone tumours (e.g. osteosarcoma) – the long bone metaphyses are a strong predilection site, especially the proximal humerus and distal radius in giant dog breeds (see 1.20.1 and Fig. 1.27).


b. Osteochondroma (single) or multiple cartilaginous exostoses (multiple) – in young dogs, arising at osteochondral junctions and therefore often protruding from the metaphyses (see 1.15.2 and Fig. 1.19).


c. Enchondromatosis – persistent segments of physeal cartilage are displaced through metaphyses into diaphyses, producing multiple, expansile, osteolytic lesions that may undergo pathological fracture (see 1.19.1).







3. Retained cartilaginous cores – retention of physeal cartilage in metaphyses due to incomplete endochondral ossification, producing conical or candle flame-shaped radiolucent areas with fine, sclerotic margins in the distal ulnar metaphyses (occasionally the distal radius or femur). Giant breeds, often bilateral; may coexist with retarded growth or premature closure of the distal ulnar growth plate, but a causal relationship is not certain (see 3.5.3 and Fig. 3.12).


4. Metaphyseal osteopathy (syn. hypertrophic osteodystrophy (MOD), skeletal scurvy, Möller–Barlow's disease) (Fig. 1.31A and B) – skeletally immature (usually 2–8 months old) dogs of larger breeds, with a higher incidence in the German Shepherd dog, Irish Setter, Weimaraner, Great Dane and Chesapeake Bay Retriever; male preponderance in some reports. The aetiology is unknown, but the disease can be associated with a high plane of nutrition. Pain, heat and swelling are found at metaphyses; the patient is depressed, febrile and anorexic, but the condition is usually self-limiting. Radiography shows a radiolucent band ± narrow sclerotic margins, or a mottled band, crossing metaphyses parallel to but not involving the growth plate (note: the normal periphery of the conical distal ulnar growth plate should not be mistaken for a transverse radiolucent band). Later, subperiosteal haemorrhages provoke collars of mineralization and paraperiosteal new bone that may become large and deforming. The distal radius and ulna are most severely affected. Differential diagnoses are metaphyseal osteomyelitis, normal cut-back zone in large dogs (areas of ill-defined cortical irregularity due to remodelling of bone), unusual manifestation of craniomandibular osteopathy, canine leucocyte adhesion disorder; lead poisoning if the band appears mainly sclerotic.


5. Infection – usually produces metaphyseal lesions if the infection is spread haematogenously, especially in young animals due to sluggish blood flow at these sites; likely to be multifocal and often bilaterally symmetrical.
a. Bacterial – metaphyseal osteomyelitis (Fig. 1.32) is an unusual condition in young dogs with aggressive, osteolytic metaphyseal lesions that may undergo pathological fracture; definitive diagnosis requires blood culture; differential diagnosis is metaphyseal osteopathy (hypertrophic osteodystrophy).


b. Fungal* – aggressive, usually mixed lesions.







6. Bone cysts – often metaphyseal (see 1.19.2 and Fig. 1.26).


7. Chondrodysplasias, rickets and other growth abnormalities (see 1.12) – often metaphyses are widened due to abnormal endochondral ossification at the growth plate.


8. Distal ulnar and/or radial metaphyseal changes have been described as an incidental finding in young Newfoundland dogs in Norway (see 3.5.11).


9. Canine leucocyte adhesion deficiency – an inherited disease in the Irish Setter causing osteolytic or mixed osteolytic–proliferative lesions in metaphyses, especially the distal radius and ulna, and skull changes similar to craniomandibular osteopathy; clinical signs include gingivitis, lameness, mandibular swelling and lymphadenopathy.


10. Craniomandibular osteopathy – rarely see additional masses of paraperiosteal new bone adjacent to distal ulnar metaphyses; may mimic metaphyseal osteopathy (hypertrophic osteodystrophy) (see 3.5.14, 4.10.1 and Figs 3.14 and 4.6).


11. Lead poisoning – rarely see radiographic lesions; thin, transverse sclerotic bands in metaphyses.









     1.25. LESIONS AFFECTING DIAPHYSES


Conditions that are mainly seen in diaphyses are listed in this section, although some of these lesions may also produce changes in other parts of the skeleton.



     Thinning of cortices



1. Osteopenia – various causes (see 1.16). Also results in reduced bone radiopacity, coarse trabecular pattern and folding fractures.


2. Expansile lesion within medullary cavity, for example bone cyst, giant cell tumour, enchondroma (see 1.19 and Figs 1.25 and 1.26). The cortex is displaced outwards and is smoothly thinned but may not be interrupted.


3. Osteolytic lesions (e.g. neoplasia, osteomyelitis). The cortex is irregularly thinned and often interrupted.


4. Pressure atrophy – a smoothly bordered area of superficial bone loss due to pressure from an adjacent mass (e.g. rib tumour, mass between digits).


5. Convex side of a bowed long bone.


6. Atrophic non-union of a fracture.









     Thickening of cortices



7. Remodelling periosteal reaction – numerous causes (see 1.14).


8. Hypertrophic osteopathy (Marie's disease; see 1.14.6 and Fig. 1.18) – a specific cause of periosteal reaction.


9. Healing fracture.


10. Chronic osteomyelitis and involucrum formation.


11. Leishmaniasis* – periosteal and intramedullary bone proliferation in diaphyses and flat bones provoked by chronic osteomyelitis; increased medullary radiopacity often near the nutrient foramina. Erosive and non-erosive polyarthritis are also seen.


12. Concave side of bowed long bone in response to increased load.


13. Congenital hypothyroidism – especially Boxers; shortened, bowed radius and ulna with thickened cortices and increased medullary radiopacity (see 5.3.11).


14. Osteopetrosis and certain myeloproliferative disorders – rare (see 1.13.15).









     Interruption of cortices



15. Fracture.


16. Neoplasia.


17. Osteomyelitis.


18. Large expansile lesion.


19. Biopsy site.


20. Site of drill hole or implant removal.









     Radiolucent lines in diaphyses



21. Artefacts
a. Overlying skin defect.


b. Overlying fat or gas in fascial planes.


c. Mach effect from other superimposed bones.







22. Nutrient foramen – location usually known anatomically; compare with the opposite limb if in doubt.


23. Fissure fractures.









     Sclerotic lines in diaphyses (see 1.13)



24. Growth arrest lines.


25. Panosteitis.


26. Fractures – if impaction of bone or overlapping of fragments occurs, a sclerotic band rather than a bone defect may be seen.
a. Folding fractures.
– Greenstick fractures (single cortex) in young animals.


– Osteopenia, especially due to nutritional secondary hyperparathyroidism.







b. Compression or impaction fractures – especially vertebrae.


c. Superimposition of overridden fragments seen on one radiographic projection but shown to be displaced using the orthogonal view.


d. Healing fracture.














     Osteolytic areas in diaphyses (see 1.18 and 1.19)



27. Neoplasia.
a. Bone metastases – may be predominantly osteolytic; often multiple in one bone or polyostotic.


b. Multiple myeloma (plasma cell myeloma) – usually multiple, discrete osteolytic lesions affecting more than one bone.


c. Malignant soft tissue tumour invading bone – osteolysis usually predominates.


d. Osteolytic primary bone tumour extending into the diaphysis or in an atypical location (usually they are metaphyseal).


e. Lymphoma.







28. Infection – mixed lesions are more common than purely osteolytic lesions, although a bone abscess (rare) may appear as a well-defined radiolucent area with a sclerotic margin.


29. Bone cysts – discrete, expansile lesions; rare.


30. Enchondromatosis – discrete, expansile lesions; rare.









     Sclerotic areas in diaphyses (see 1.13)



31. Neoplasia.
a. Bone metastases – may be predominantly sclerotic; often multiple in one bone or polyostotic.


b. Osteoproductive primary bone tumour extending into the diaphysis or in an atypical location (usually they are metaphyseal).


c. Certain myeloproliferative disorders.


d. Lymphoma – may rarely cause medullary osteosclerosis.


e. Cats – feline leukaemia-induced medullary osteosclerosis – rare; likely to be widespread in the skeleton.







32. Osteomyelitis – haematogenous osteomyelitis may produce ill-defined patches of sclerosis.


33. Panosteitis.


34. Healing fractures.


35. Bone infarcts.


36. Osteopetrosis – rare; affects the whole skeleton but is most obvious radiographically in the diaphyses.









     Mixed osteolytic–osteogenic lesions in diaphyses (see 1.20)



37. Neoplasia.
a. Bone metastases – may be mixed lesions, although they are often predominantly osteolytic or sclerotic; often multiple in one bone or polyostotic.


b. Malignant soft tissue tumour invading bone.


c. Neoplastic transformation at the site of a previous fracture.


d. Mixed primary bone tumour in an atypical location (usually they are metaphyseal).







38. Infection.


39. Trauma.
a. Healing fracture.


b. Infected fracture.


c. Neoplastic transformation at the site of a previous fracture.












Altered shape of diaphyses (see1.10)










     

      Further reading


      

       General


         Papageorges, M.,  How the Mach phenomenon and shape affect the radiographic appearance of skeletal structures,   Vet. Radiol.  32  (1991) 191–195; 










         Papageorges, M.;  Sande, R.D.,  The Mach phenomenon,   Vet. Radiol.  32  (1990) 191–195.


         Thompson, K.,  Bones and joints,   In:  (Editor:  Maxie, M.G.) fifth ed  Jubb, Kennedy and Palmer's Pathology of Domestic Animals,  vol. 1  (2007) Saunders, New York.


         Weinstein, J.M.;  Mongil, C.M.;  Rhodes, W.H.;  Smith, G.K.,  Orthopedic conditions of the Rottweiler – Part II,   Compend. Contin. Educ. Pract. Veterinarian (Small Animal)  17  (1995) 925–938.


         Weinstein, J.M.;  Mongil, C.M.;  Smith, G.K.,  Orthopedic conditions of the Rottweiler – Part I,   Compend. Contin. Educ. Pract. Veterinarian (Small Animal)  17  (1995) 813–830.


      


      

       Skeletal ultrasonography


         Britt, T.;  Clifford, C.;  Barger, A.;  Moroff, S.;  Drobatz, K.;  Thacher, C.;  Davis, G.,  Diagnosing appendicular osteosarcoma with ultrasound-guided fine-needle aspiration: 36 cases,   J. Small Anim. Pract.  48  (2007) 145–150.


         Kramer, M.;  Gerwing, M.;  Hach, V.;  Schimke, E.,  Sonography of the musculoskeletal system in dogs and cats,   Vet. Radiol. Ultrasound  38  (1997) 139–149.


         Risselada, M.;  Karmer, M.;  de Rooster, H.;  Taeymans, O.;  Verleyen, P.;  van Bree, H.,  Ultrasonographic and radiographic assessment of uncomplicated secondary fracture healing of long bones in dogs and cats,   Vet. Surg.  34  (2005) 9–107.


         Samii, V.F.;  Nyland, T.G.;  Werner, L.L.;  Baker, T.W.,  Ultrasound-guided fine-needle aspiration biopsy of bone lesion: a preliminary report,   Vet. Radiol. Ultrasound  40  (1999) 82–86.


      


      

       Normal anatomy, normal variants and artefacts


         Fagin, B.D.;  Aronson, E.;  Gutzmer, M.A.,  Closure of the iliac crest ossification centre of dogs,   J. Am. Vet. Med. Assoc.  200  (1992) 1709.


         Root, M.V.;  Johnston, S.D.;  Olson, P.N.,  The effect of prepubertal and postpubertal gonadectomy on radial physeal closure in male and female domestic cats,   Vet. Radiol. Ultrasound  38  (1997) 42–47.


      


      

       Congenital and developmental diseases; diseases of young animals


         Campbell, B.G.;  Wootton, J.A.M.;  Krook, L.;  DeMarco, J.;  Minor, R.R.,  Clinical signs and diagnosis of osteogenesis imperfecta in three dogs,   J. Am. Vet. Med. Assoc.  211  (1997) 183–187.


         Demko, J.;  McLaughlin, R.,  Developmental orthopedic disease,   Vet. Clin. North Am. Small Anim. Pract.  35  (2005) 1111–1135.


         Konde, L.J.;  Thrall, M.A.;  Gasper, P.;  Dial, S.M.;  McBiles, K.;  Colgan, S.;  Haskins, M.,  Radiographically visualized skeletal changes associated with mucopolysaccharidosis VI in cats,   Vet. Radiol.  28  (1987) 223–228; 










         Muir, P.;  Dubielzig, R.R.;  Johnson, K.A.,  Panosteitis,   Compend. Contin. Educ. Pract. Veterinarian (Small Animal)  18  (1996) 29–33.


         Muir, P.;  Dubielzig, R.R.;  Johnson, K.A.;  Shelton, D.G.,  Hypertrophic osteodystrophy and calvarial hyperostosis,   Compend. Contin. Educ. Pract. Veterinarian (Small Animal)  18  (1996) 143–151.


         Rørvik, A.M.;  Tiege, J.;  Ottesen, N.;  Lingaas, F.,  Clinical, radiographic, and pathologic abnormalities in dogs with multiple epiphyseal dysplasia: 19 cases (1991–2005),   J. Am. Vet. Med. Assoc.  233  (2008) 600–606.


         Scott, H.,  Non-traumatic causes of lameness in the forelimb of the growing dog,   In Pract.  20  (1998) 539–554.


         Scott, H.,  Non-traumatic causes of lameness in the hindlimb of the growing dog,   In Pract.  21  (1999) 176–188.


         Trowald-Wigh, G.;  Ekman, S.;  Hansson, K.;  Hedhammar, A.;  Hard af Segerstad, C.,  Clinical, radiological and pathological features of 12 Irish Setters with canine leucocyte adhesion deficiency,   J. Small Anim. Pract.  41  (2000) 211–217.


      


      

       Metabolic bone disease (some overlap with above)


         Allan, G.S.;  Huxtable, C.R.R.;  Howlett, C.R.;  Baxter, R.C.;  Duff, B.;  Farrow, B.R.H.,  Pituitary dwarfism in German Shepherd dogs,   J. Small Anim. Pract.  19  (1978) 711–729.


         Buckley, J.C.,  Pathophysiologic considerations of osteopenia,   Compend. Contin. Educ. Pract. Veterinarian (Small Animal)  6  (1984) 552–562.


         Dennis, R.,  Radiology of metabolic bone disease,   Vet. Ann.  29  (1989) 195–206.


         Dunn, M.E.;  Blond, L.;  Letard, D.;  DiFruscia, R.,  Hypertrophic osteopathy associated with infective endocarditis in an adult boxer dog,   J. Small Anim. Pract.  48  (2007) 99–103.


         Godfrey, D.R.;  Anderson, R.M.;  Barber, P.J.;  Hewison, M.,  Vitamin D-dependent rickets type II in a cat,   J. Small Anim. Pract.  46  (2005) 440–444.


         Johnson, K.A.;  Church, D.B.;  Barton, R.J.;  Wood, A.K.W.,  Vitamin D-dependent rickets in a Saint Bernard dog,   J. Small Anim. Pract.  29  (1988) 657–666.


         Konde, L.J.;  Thrall, M.A.;  Gasper, P.;  Dial, S.M.;  McBiles, K.;  Colgan, S.;  Haskins, M.,  Radiographically visualized skeletal changes associated with mucopolysaccharidosis VI in cats,   Vet. Radiol.  28  (1987) 223–228.


         Lamb, C.R.,  The double cortical line: a sign of osteopenia,   J. Small Anim. Pract.  31  (1990) 189–192.


         Saunders, H.M.;  Jezyk, P.K.,  The radiographic appearance of canine congenital hypothyroidism: skeletal changes with delayed treatment,   Vet. Radiol.  32  (1991) 171–177.


         Tanner, E.;  Langley-Hobbs, S.J.,  Vitamin D-dependent rickets type 2 with characteristic radiographic changes in a 4-month-old kitten,   J. Feline Med. Surg.  7  (2005) 307–311.


         Tomsa, K.;  Glaus, T.;  Hauser, B.;  Flueckiger, M.;  Arnold, P.;  Wess, G.;  Reusch, C.,  Nutritional secondary hyperparathyroidism in six cats,   J. Small Anim. Pract.  40  (1999) 533–539.


      


      

       Infective and inflammatory conditions


         Agut, A.;  Corzo, N.;  Murciano, J.;  Laredo, F.G.;  Soler, M.,  Clinical and radiographic study of bone and joint lesions in 26 dogs with leishmaniasis,   Vet. Rec.  153  (2003) 648–652.


         Canfield, P.J.;  Malik, R.;  Davis, P.E.;  Martin, P.,  Multifocal idiopathic pyogranulomatous bone disease in a dog,   J. Small Anim. Pract.  35  (1994) 370–373.


         Dunn, J.K.;  Dennis, R.;  Houlton, J.E.F.,  Successful treatment of two cases of metaphyseal osteomyelitis in the dog,   J. Small Anim. Pract.  33  (1992) 85–89.


         Macintire, D.K.;  Vincent-Johnson, N.;  Dillon, A.R.;  Blagburn, B.;  Lindsay, D.;  Whitley, E.M.;  Banfield, C.,  Hepatozoonosis in dogs: 22 cases (1989–1994),   J. Am. Vet. Med. Assoc.  210  (1997) 916–922.


         Stead, A.C.,  Osteomyelitis in the dog and cat,   J. Small Anim. Pract.  25  (1984) 1–13.


         Turrel, J.M.;  Pool, R.R.,  Bone lesions in four dogs with visceral leishmaniasis,   Vet. Radiol.  23  (1982) 243–249.


      


      

       Neoplasia


         Blackwood, L.,  Bone tumours in small animals,   In Pract.  21  (1999) 31–37.


         Dubielzig, R.R.;  Biery, D.N.;  Brodey, R.S.,  Bone sarcomas associated with multifocal medullary bone infarction in dogs,   J. Am. Vet. Med. Assoc.  179  (1981) 64–68.


         Gibbs, C.;  Denny, H.R.;  Kelly, D.F.,  The radiological features of osteosarcoma of the appendicular skeleton of dogs: a review of 74 cases,   J. Small Anim. Pract.  25  (1984) 177–192.


         Gibbs, C.;  Denny, H.R.;  Lucke, V.M.,  The radiological features of non-osteogenic malignant tumours of bone in the appendicular skeleton of the dog: a review of 34 cases,   J. Small Anim. Pract.  26  (1985) 537–553.


         Gorra, M.;  Burk, R.L.;  Greenlee, P.;  Weeren, F.R.,  Osteoid osteoma in a dog,   Vet. Radiol. Ultrasound  43  (2002) 28–30.


         Jacobson, L.S.;  Kirberger, R.M.,  Canine multiple cartilaginous exostoses: unusual manifestations and a review of the literature,   J. Am. Anim. Hosp. Assoc.  32  (1996) 45–51.


         Lamb, C.R.;  Berg, J.;  Schelling, S.H.,  Radiographic diagnosis of an expansile bone lesion in a dog,   J. Small Anim. Pract.  34  (1993) 239–241.


         Matis, U.;  Krauser, K.;  Schwartz-Porsche, D.;  Putzer-Brenig, A.V.,  Multiple enchondromatosis in the dog,   Vet. Com. Orthop. Traumatol.  4  (1989) 144–151.


         Russel, R.G.;  Walker, M.,  Metastatic and invasive tumors of bone in dogs and cats,   Vet. Clin. North Am.  13  (1983) 163–180.


         Schrader, S.C.;  Burk, R.L.;  Lin, S.,  Bone cysts in two dogs and a review of similar cystic bone lesions in the dog,   J Am Vet Med Assoc  182  (1983) 490–495.


         Schultz, R.M.;  Puchalski, S.M.;  Kent, M.;  Moore, P.F.,  Skeletal lesions of histiocytic sarcoma in nineteen dogs,   Vet. Radiol. Ultrasound  48  (2007) 539–543.


         Turrel, J.M.;  Pool, R.R.,  Primary bone tumors in the cat: a retrospective study of 15 cats and a literature review,   Vet. Radiol.  23  (1982) 152–166.


         Wrigley, R.H.,  Malignant versus nonmalignant bone disease,   Vet. Clin. North Am. Small Anim. Pract.  30  (2000) 315–348.


      


      

       Trauma


         Anderson, M.A.;  Dee, L.G.;  Dee, J.F.,  Fractures and dislocations of the racing greyhound – Part I,   Compend. Contin. Educ. Pract. Veterinarian (Small Animal)  17  (1995) 779–786.


         Anderson, M.A.;  Dee, L.G.;  Dee, J.F.,  Fractures and dislocations of the racing greyhound – Part II,   Compend. Contin. Educ. Pract. Veterinarian (Small Animal)  17  (1995) 899–909.


         Langley-Hobbs, S.,  Biology and radiological assessment of fracture healing,   In Pract.  25  (2003) 26–35.


         Sande, R.,  Radiography of orthopaedic trauma and fracture repair,   Vet. Clin. North Am. Small Anim. Pract.  29  (1999) 1247–1260.


      


      

       Miscellaneous


         Baines, E.,  Clinically significant developmental radiological changes in the skeletally immature dog: 1. Long bones,   In Pract.  28  (2006) 188–199.


         Canfield, P.J.;  Malik, R.;  Davis, P.E.;  Martin, P.,  Multifocal idiopathic pyogranulomatous bone disease in a dog,   J. Small Anim. Pract.  35  (1994) 370–373.


         Hanel, R.M.;  Graham, J.P.;  Levy, J.K.;  Buergelt, C.D.;  Creamer, J.,  Generalized osteosclerosis in a cat,   Vet. Radiol. Ultrasound  45  (2004) 318–324; 










         Hay, C.W.;  Dueland, R.T.;  Dubielzig, R.R.;  Bjorenson, J.E.,  Idiopathic multifocal osteopathy in four Scottish terriers (1991–1996),   J. Am. Anim. Hosp. Assoc.  35  (1999) 62–67.


         Kramers, P.;  Flueckiger, M.A.;  Rahn, B.A.;  Cordey, J.,  Osteopetrosis in cats,   J. Small Anim. Pract.  29  (1988) 153–164.


         Morgan, J.P.;  Stavenborn, M.,  Disseminated idiopathic skeletal hyperostosis (DISH) in a dog,   Vet. Radiol.  32  (1991) 65–70.


         O'Brien, S.E.;  Riedesel, E.A.;  Miller, L.D.,  Osteopetrosis in an adult dog,   J. Am. Anim. Hosp. Assoc.  23  (1987) 213–216.


         Wright, M.W.;  Hudson, J.S.A.;  Hathcock, J.T.,  Osteopetrosis in cats: clarification of a misnomer,   Vet. Radiol. Ultrasound  44  (2003) 106; (abstract).


      


     


		

OEBPS/B9780702028946000044/gr19.jpg





OEBPS/B9780702028946000044/gr17.jpg





OEBPS/B9780702028946000044/gr18.jpg





OEBPS/B9780702028946000044/gr15.jpg





OEBPS/B9780702028946000044/gr16.jpg





OEBPS/B9780702028946000044/gr13.jpg





OEBPS/B9780702028946000044/gr14.jpg





OEBPS/B9780702028946000044/gr11.jpg
N





OEBPS/B9780702028946000044/gr12.jpg





OEBPS/B9780702028946000044/gr10.jpg





OEBPS/B9780702028946000172/fx1.jpg
bt o

LIVINGSTONE





OEBPS/B9780702028946000172/fx2.jpg





OEBPS/B9780702028946000172/fx3.jpg
Working together to grow






OEBPS/B9780702028946000172/fx4.jpg





OEBPS/B9780702028946000019/gr10.jpg





OEBPS/B9780702028946000019/gr13.jpg





OEBPS/B9780702028946000019/gr14.jpg





OEBPS/B9780702028946000019/gr11.jpg





OEBPS/B9780702028946000019/gr12.jpg





OEBPS/B9780702028946000019/gr17.jpg





OEBPS/B9780702028946000019/gr18.jpg





OEBPS/B9780702028946000019/gr15.jpg





OEBPS/B9780702028946000019/gr16.jpg





OEBPS/B9780702028946000019/gr19.jpg





OEBPS/B978070202894600010X/gr20.jpg





OEBPS/B9780702028946000019/gr20.jpg





OEBPS/B9780702028946000019/gr21.jpg





OEBPS/B9780702028946000019/gr24.jpg





OEBPS/B9780702028946000019/gr25.jpg





OEBPS/B9780702028946000019/gr9.jpg





OEBPS/B9780702028946000019/gr22.jpg





OEBPS/B9780702028946000019/gr8.jpg





OEBPS/B9780702028946000019/gr23.jpg





OEBPS/B9780702028946000019/gr28.jpg
==





OEBPS/B9780702028946000019/gr29.jpg





OEBPS/B9780702028946000019/gr26.jpg





OEBPS/B9780702028946000019/gr27.jpg





OEBPS/B9780702028946000019/gr3.jpg





OEBPS/B9780702028946000019/gr2.jpg





OEBPS/B9780702028946000019/gr1.jpg





OEBPS/B9780702028946000019/gr7.jpg





OEBPS/B9780702028946000019/gr6.jpg





OEBPS/B9780702028946000019/gr5.jpg





OEBPS/B9780702028946000019/gr4.jpg





OEBPS/B9780702028946000019/gr31.jpg





OEBPS/B9780702028946000019/gr32.jpg





OEBPS/B9780702028946000019/gr30.jpg





OEBPS/B9780702028946000111/gr20.jpg





OEBPS/B9780702028946000111/gr14.jpg





OEBPS/B9780702028946000111/gr15.jpg





OEBPS/B9780702028946000111/gr12.jpg
ey vt 7 o s





OEBPS/B9780702028946000111/gr13.jpg





OEBPS/B9780702028946000111/gr18.jpg





OEBPS/B9780702028946000111/gr19.jpg





OEBPS/B9780702028946000111/gr16.jpg





OEBPS/B9780702028946000111/gr17.jpg





OEBPS/B9780702028946000111/gr10.jpg





OEBPS/B9780702028946000111/gr11.jpg





OEBPS/B978070202894600007X/gr4.jpg





OEBPS/B978070202894600007X/gr3.jpg
[e] 2]





OEBPS/B978070202894600007X/gr2.jpg
x






OEBPS/B978070202894600007X/gr1.jpg





OEBPS/B9780702028946000044/gr6.jpg





OEBPS/B9780702028946000044/gr7.jpg





OEBPS/B9780702028946000044/gr8.jpg





OEBPS/B9780702028946000044/gr9.jpg





OEBPS/B978070202894600007X/gr9.jpg





OEBPS/B978070202894600007X/gr8.jpg





OEBPS/B978070202894600007X/gr7.jpg





OEBPS/B978070202894600007X/gr6.jpg





OEBPS/B978070202894600007X/gr5.jpg





OEBPS/B9780702028946000044/gr1.jpg





OEBPS/B9780702028946000044/gr2.jpg





OEBPS/B9780702028946000044/gr3.jpg
@A (





OEBPS/B9780702028946000044/gr4.jpg





OEBPS/B9780702028946000044/gr5.jpg





OEBPS/B9780702028946000056/gr20.jpg
———





OEBPS/B9780702028946000056/gr18.jpg





OEBPS/B9780702028946000160/fx1.jpg
e o o e i





OEBPS/B9780702028946000056/gr19.jpg





OEBPS/B9780702028946000056/gr10.jpg





OEBPS/B9780702028946000056/gr11.jpg





OEBPS/B9780702028946000056/gr12.jpg





OEBPS/B9780702028946000056/gr13.jpg





OEBPS/B9780702028946000056/gr14.jpg





OEBPS/B9780702028946000056/gr15.jpg





OEBPS/B9780702028946000056/gr16.jpg
N T e
- e





OEBPS/B9780702028946000056/gr17.jpg





OEBPS/B9780702028946000081/gr1.jpg





OEBPS/B9780702028946000081/gr2.jpg





OEBPS/B9780702028946000068/gr3.jpg





OEBPS/B9780702028946000081/gr5.jpg





OEBPS/B9780702028946000135/gr3.jpg





OEBPS/B9780702028946000068/gr2.jpg





OEBPS/B9780702028946000081/gr6.jpg





OEBPS/B9780702028946000135/gr4.jpg





OEBPS/B9780702028946000068/gr1.jpg





OEBPS/B9780702028946000081/gr3.jpg





OEBPS/B9780702028946000135/gr1.jpg





OEBPS/B9780702028946000081/gr4.jpg





OEBPS/B9780702028946000135/gr2.jpg





OEBPS/B9780702028946000068/gr7.jpg





OEBPS/B978070202894600010X/gr8.jpg





OEBPS/B9780702028946000068/gr6.jpg





OEBPS/B978070202894600010X/gr7.jpg





OEBPS/B9780702028946000068/gr5.jpg





OEBPS/B978070202894600010X/gr6.jpg





OEBPS/B9780702028946000068/gr4.jpg





OEBPS/B978070202894600010X/gr5.jpg





OEBPS/B9780702028946000093/gr19.jpg





OEBPS/B9780702028946000068/gr9.jpg





OEBPS/B9780702028946000093/gr18.jpg





OEBPS/B9780702028946000068/gr8.jpg





OEBPS/B9780702028946000093/gr17.jpg





OEBPS/B978070202894600010X/gr9.jpg





OEBPS/B9780702028946000093/gr16.jpg





OEBPS/B9780702028946000093/gr15.jpg





OEBPS/B9780702028946000093/gr14.jpg





OEBPS/B9780702028946000093/gr13.jpg





OEBPS/B9780702028946000093/gr12.jpg





OEBPS/B978070202894600010X/gr4.jpg





OEBPS/B9780702028946000093/gr11.jpg





OEBPS/B978070202894600010X/gr3.jpg





OEBPS/B9780702028946000093/gr10.jpg





OEBPS/B978070202894600010X/gr2.jpg





OEBPS/B978070202894600010X/gr1.jpg





OEBPS/B9780702028946000081/gr9.jpg
ot st





OEBPS/B9780702028946000081/gr7.jpg





OEBPS/B9780702028946000135/gr5.jpg





OEBPS/B9780702028946000081/gr8.jpg





OEBPS/B9780702028946000032/gr32.jpg





OEBPS/B9780702028946000032/gr31.jpg





OEBPS/B9780702028946000032/gr30.jpg





OEBPS/B9780702028946000032/gr29.jpg





OEBPS/B9780702028946000032/gr28.jpg





OEBPS/B9780702028946000032/gr27.jpg





OEBPS/B9780702028946000111/gr9.jpg
S





OEBPS/B9780702028946000111/gr7.jpg





OEBPS/B9780702028946000111/gr8.jpg





OEBPS/B9780702028946000032/gr22.jpg





OEBPS/B9780702028946000111/gr5.jpg





OEBPS/B9780702028946000032/gr21.jpg





OEBPS/B9780702028946000111/gr6.jpg





OEBPS/B9780702028946000032/gr20.jpg





OEBPS/B9780702028946000111/gr3.jpg





OEBPS/B9780702028946000111/gr4.jpg





OEBPS/B9780702028946000032/gr1.jpg





OEBPS/B9780702028946000032/gr26.jpg





OEBPS/B9780702028946000111/gr1.jpg





OEBPS/B9780702028946000032/gr2.jpg





OEBPS/B9780702028946000032/gr25.jpg





OEBPS/B9780702028946000111/gr2.jpg





OEBPS/B9780702028946000032/gr24.jpg
-





OEBPS/B9780702028946000032/gr23.jpg





OEBPS/B9780702028946000032/gr5.jpg





OEBPS/B9780702028946000032/gr6.jpg





OEBPS/B9780702028946000081/gr16.jpg





OEBPS/B9780702028946000032/gr3.jpg





OEBPS/cover/978-0-7020-2894-6.jpg
SECOND
EDITION

Handbook of
SMALL ANIMAL

RADIOLOGY and
ULTRASOUND

Techniques and Differential Diagnoses

Ruth Dennis
Robert M. Kirberger
Frances Barr
Robert H. Wrigley





OEBPS/B9780702028946000032/gr4.jpg





OEBPS/B9780702028946000032/gr9.jpg





OEBPS/B9780702028946000081/gr13.jpg





OEBPS/B9780702028946000081/gr12.jpg





OEBPS/B9780702028946000032/gr7.jpg





OEBPS/B9780702028946000081/gr15.jpg





OEBPS/B9780702028946000032/gr8.jpg





OEBPS/B9780702028946000081/gr14.jpg





OEBPS/B9780702028946000081/gr11.jpg





OEBPS/B9780702028946000081/gr10.jpg





OEBPS/B9780702028946000032/gr19.jpg





OEBPS/B9780702028946000032/gr18.jpg





OEBPS/B9780702028946000032/gr17.jpg





OEBPS/B9780702028946000032/gr16.jpg





OEBPS/B9780702028946000032/gr11.jpg





OEBPS/B9780702028946000032/gr10.jpg





OEBPS/B9780702028946000032/gr15.jpg





OEBPS/B978070202894600007X/gr14.jpg





OEBPS/B9780702028946000032/gr14.jpg





OEBPS/B9780702028946000032/gr13.jpg





OEBPS/B9780702028946000032/gr12.jpg





OEBPS/B978070202894600007X/gr10.jpg





OEBPS/B978070202894600007X/gr11.jpg





OEBPS/B978070202894600007X/gr12.jpg





OEBPS/B978070202894600007X/gr13.jpg





OEBPS/B9780702028946000020/gr4.jpg





OEBPS/B9780702028946000020/gr5.jpg





OEBPS/B9780702028946000020/gr6.jpg





OEBPS/B9780702028946000020/gr7.jpg





OEBPS/B9780702028946000020/gr1.jpg





OEBPS/B9780702028946000020/gr2.jpg





OEBPS/B9780702028946000020/gr3.jpg





OEBPS/B9780702028946000068/gr16.jpg





OEBPS/B9780702028946000068/gr15.jpg





OEBPS/B9780702028946000068/gr10.jpg





OEBPS/B9780702028946000068/gr14.jpg





OEBPS/B9780702028946000068/gr13.jpg





OEBPS/B9780702028946000068/gr12.jpg
!
P

e






OEBPS/B9780702028946000068/gr11.jpg





OEBPS/B9780702028946000056/gr6.jpg
PAWAWASATAVA
i [ )





OEBPS/B9780702028946000123/gr6.jpg





OEBPS/B9780702028946000056/gr5.jpg





OEBPS/B9780702028946000056/gr8.jpg





OEBPS/B9780702028946000056/gr7.jpg





OEBPS/B9780702028946000056/gr2.jpg





OEBPS/B9780702028946000123/gr2.jpg





OEBPS/B9780702028946000056/gr1.jpg





OEBPS/B9780702028946000123/gr3.jpg





OEBPS/B9780702028946000056/gr4.jpg
o]





OEBPS/B9780702028946000123/gr4.jpg





OEBPS/B9780702028946000056/gr3.jpg
JUEE





OEBPS/B9780702028946000123/gr5.jpg





OEBPS/B978070202894600010X/gr11.jpg





OEBPS/B978070202894600010X/gr10.jpg





OEBPS/B978070202894600010X/gr13.jpg





OEBPS/B978070202894600010X/gr12.jpg





OEBPS/B978070202894600010X/gr15.jpg
W





OEBPS/B978070202894600010X/gr14.jpg





OEBPS/B978070202894600010X/gr17.jpg





OEBPS/B978070202894600010X/gr16.jpg





OEBPS/B9780702028946000123/gr1.jpg





OEBPS/B978070202894600010X/gr19.jpg





OEBPS/B9780702028946000056/gr9.jpg





OEBPS/B978070202894600010X/gr18.jpg





OEBPS/B9780702028946000044/gr20.jpg





OEBPS/B9780702028946000044/gr21.jpg





OEBPS/B9780702028946000093/gr9.jpg





OEBPS/B9780702028946000093/gr8.jpg





OEBPS/B9780702028946000093/gr7.jpg





OEBPS/B9780702028946000093/gr6.jpg





OEBPS/B9780702028946000093/gr5.jpg





OEBPS/B9780702028946000093/gr4.jpg





OEBPS/B9780702028946000093/gr3.jpg





OEBPS/B9780702028946000093/gr2.jpg





OEBPS/B9780702028946000093/gr1.jpg





