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It is often stated that anatomic pathologists come in two forms: “Gestalt”-based individuals, who recognize visual scenes as a whole, matching them unconsciously with memorialized archives; and criterion-oriented people, who work through images systematically in segments, tabulating the results—internally, mentally, and quickly—as they go along in examining a visual target. These approaches can be equally effective, and they are probably not as dissimilar as their descriptions would suggest. In reality, even “Gestaltists” subliminally examine details of an image, and, if asked specifically about particular features of it, they are able to say whether one characteristic or another is important diagnostically.

In accordance with these concepts, in 2004 we published a text­book entitled Practical Pulmonary Pathology: A Diagnostic Approach (PPPDA). That monograph was designed around a pattern-based method, wherein diseases of the lung were divided into six categories on the basis of their general image profiles. Using that technique, one can successfully segregate pathologic conditions into diagnostically and clinically useful groupings.

The merits of such a procedure have been validated empirically by the enthusiastic feedback we have received from users of our book. In addition, following the old adage that “imitation is the sincerest form of flattery,” since our book came out other publications and presentations have appeared in our specialty with the same approach.

After publication of the PPPDA text, representatives at Elsevier, most notably William Schmitt, were enthusiastic about building a series of texts around pattern-based diagnosis in pathology. To this end we have recruited a distinguished group of authors and editors to accomplish that task. Because a panoply of patterns is difficult to approach mentally from a practical perspective, we have asked our contributors to be complete and yet to discuss only principal interpretative images. Our goal is eventually to provide a series of monographs that, in combination with one another, will allow trainees and practitioners in pathology to use salient morphological patterns to reach with confidence final diagnoses in all organ systems.

As stated in the introduction to the PPPDA text, the evaluation of dominant patterns is aided secondarily by the analysis of cellular composition and other distinctive findings. Therefore, within the context of each pattern, editors have been asked to use such data to refer the reader to appropriate specific chapters in their respective texts.

We have also stated previously that some overlap is expected between pathologic patterns in any given anatomic site; in addition, specific disease states may potentially manifest themselves with more than one pattern. At first, those facts may seem to militate against the value of pattern-based interpretation. However, pragmatically, they do not. One often can narrow diagnostic possibilities to a very few entities using the pattern method, and sometimes a single interpretation will be obvious. Both of those outcomes are useful to clinical physicians caring for a given patient.

It is hoped that the expertise of our authors and editors, together with the high quality of morphologic images they present in this Elsevier series, will be beneficial to our reader-colleagues.

Kevin O. Leslie MD


Mark R. Wick MD
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As outlined in the Series Preface by Kevin O. Leslie and Mark R. Wick, this book, like the others in the series, is built around a “pattern-based” strategy that seeks to “segregate pathologic conditions into diagnostically and clinically useful groupings.” This is especially challenging in orthopedic pathology because, unlike most other organ systems, in orthopedics reaching the correct diagnosis is critically dependent on radiologic evaluation of the principal structure(s), and traditional gross pathologic evaluation often serves as a supportive and confirmatory arm of the process as opposed to the dominant one as, for example, in hepatic pathology. Even casual readers of this book will note that the defined patterns are those that draw on the key radiologic as well as histopathologic features, and these in turn are supplemented, as appropriate, by molecular, cytogenetic, ultrastructural, and immunohistochemical data. Although we have tried to cover all the major diseases of bone and joint, we recognize that we give more attention to neoplastic musculoskeletal diseases, as these seem to cause the most concern among community-based practitioners and house-staff still in training. We clearly recognize, however, that tumors are not the most commonly occurring pathologic entities.

To create a level playing ground for readers bringing different degrees of knowledge to the fore, the book is divided into five major sections. The first section, consisting of four chapters, covers normal bone anatomy written from a pathologist's vantage point, followed by patterns in radiology, orthopedic practice, and pathologic diagnosis by experts in each of those fields. Subsequent sections follow the standardized template used by other books in the Pattern Recognition Series. The second section focuses on lesions characterized primarily by osteoid matrix production and is also divided into four chapters that take into consideration those lesions with and without aggressive radiologic features and site of tumor origin (medullary bone or cortex). Section III deals with lesions characterized primarily by cartilage matrix production and is subdivided on the basis of the degree of aggression assessed radiologically. The largest section is the fourth section, with eight chapters covering many topics ranging from those lesions with giant cells or fibrous cells replacing trabecular bone to vascular proliferative lesions. Small blue round cell lesions, notochordal lesions, cystic lesions, and metastases are covered, along with a group of miscellaneous conditions ranging from infarcts to Paget disease. The final section is a series of chapters covering degenerative joint disease, crystalline arthropathies, and both benign and malignant synovial-based lesions.

Chapter authors have gone to extraordinary lengths to provide illustrations that represent the entire panoply of pathologic conditions, many of them only rarely seen. Throughout the book, the illustrations, both radiologic and histopathologic, provide a key component of the text.

Most lesions of bone are quite rare and thus infrequently encountered in routine community-based practice. It is said that a stereotypical community-based pathologist working in a 100- to 200-bed hospital in the United States will see on average only two or three such bone biopsies in a year. We hope this heavily illustrated monograph will serve as a useful tool to the practitioner confronted with such a case and will outline a reasonable pattern-based strategy, allowing one to narrow the differential diagnosis and ultimately reach the right conclusion.

Andrea T. Deyrup MD, PhD


Gene P. Siegal MD, PhD
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Pattern-Based Approach to Diagnosis




	Pattern
	Diseases to Be Considered




	Osteoid/bone deposition and nonaggressive radiology
	
Osteoma/bone island

Osteoid osteoma

Osteoblastoma

Osteopetrosis

Osteopoikilosis

Melorheostosis






	Osteoid/bone deposition and aggressive radiology within bone
	
Conventional osteosarcoma

Telangiectatic osteosarcoma

Small-cell osteosarcoma

Low-grade central osteosarcoma






	Osteoid/bone deposition and nonaggressive radiology on bone surface
	
Osteochondroma

Hereditary multiple osteochondroma

Bizarre parosteal osteochondromatous proliferation (BPOP, Nora lesion)

Florid reactive periostitis

Fracture callus

Parosteal osteoma

Periosteal chondroma






	Chondroid deposition and nonaggressive radiology
	
Juxtacortical chondromyxoid fibroma

Chondroblastoma

Enchondroma

Ollier disease

Chondromyxoid fibroma






	Chondroid deposition and aggressive radiology within bone
	
Chondrosarcoma

Clear cell chondrosarcoma

Dedifferentiated chondrosarcoma

Mesenchymal chondrosarcoma






	Chondroid or osteoid/bone deposition and aggressive radiology on bone surface
	
Periosteal chondrosarcoma

Parosteal osteosarcoma

Periosteal osteosarcoma

High-grade surface osteosarcoma

Dedifferentiated parosteal osteosarcoma






	Fibrous lesions replacing trabecular bone
	
Fibromyxoma

Myofibromatosis

Liposclerosing myxoid lesion

Nonossifying fibroma (metaphyseal fibrous defect)

Benign fibrous histiocytoma

Desmoplastic fibroma

Fibrosarcoma

Malignant fibrous histiocytoma






	Fibro-osseous lesions replacing trabecular bone
	
Fibrous dysplasia

Ossifying fibroma

Osteofibrous dysplasia






	Giant cells replacing trabecular bone
	
Giant cell tumor of bone

Giant cell reparative granuloma/solid aneurysmal bone cyst

Hyperparathyroidism (brown tumor)






	Vascular tumors replacing trabecular bone
	
Arteriovenous malformation

Hemangioma

Lymphangioma

Skeletal angiomatosis

Epithelioid hemangioma

Kaposiform hemangioendothelioma

Epithelioid hemangioendothelioma

Pseudomyogenic hemangioendothelioma

Kaposi sarcoma

Angiosarcoma






	“Small cell” permeation of trabecular bone
	
Myeloma

Mastocytosis

Lymphoma

Adamantinoma

Langerhans cell histiocytosis

Erdheim-Chester disease

Sinus histiocytosis with massive lymphadenopathy

Ewing sarcoma

Osteomyelitis






	Cystic lesions
	
Aneurysmal bone cyst

Epidermal cyst

Intraosseous ganglion

Unicameral (simple) bone cyst






	Metastasis to bone
	
Carcinomas

Rhabdomyosarcoma

Neuroblastoma

Clear cell sarcoma






	Notochordal lesions
	
Ecchordosis physaliphora

Benign notochordal cell tumor

Chordoma






	Crystal arthropathies
	
Calcium pyrophosphate dihydrate disease

Gout

Hydroxyapatite deposition






	Joint-associated lesions
	
Synovial hemangioma

Lipoma arborescens

Tenosynovial giant cell tumor

Synovial chondromatosis

Malignant tenosynovial giant cell tumor

Synovial chondrosarcoma

Synovial sarcoma

Osteoarthritis

Rheumatoid arthritis

Septic arthritis

Neuropathic joint (Charcot joint)

Skeletal dysplasia

Slipped capital femoral epiphysis
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Pattern 1 Osteoid/Bone Deposition and Nonaggressive Radiology

[image: image]
Elements of the pattern: Radiographically, these lesions are often described as well defined with sharp edges and without cortical breakthrough. Some are uniformly radiodense with a lytic nidus surrounded by a sclerotic rim. In this example (A), a minimally irregular radiolucent lesion is seen with faint patchy mineralization within the diaphysis. There is only a thin rim of incomplete osteosclerosis. There is no soft tissue mass or cortical breakthrough. Histologically, a network of osteoid is seen admixed with calcified cartilage (blue bone). The osteoblasts are predominantly epithelioid with eccentric nuclei and hyperchromasia (B). Atypical mitoses are not seen. A background of capillary-rich fibrovascular stroma is appreciated at the very top and very bottom of the image.










	Additional Findings
	Diagnostic Considerations
	Chapter:Page



	Radiology


	Computed tomography is often the best method to diagnose benign bone tumors; magnetic resonance imaging is the worst
	Osteoid osteoma
	
Ch. 5:71




	Osteoblastoma
	
Ch. 5:74




	Radiologic mimics of osteoid osteoma
	Osteomyelitis
	
Ch. 5:73; Ch. 14:225




	Brodie abscess
	
Ch. 5:73




	Enostosis (bone island)
	
Ch. 5:73




	Osteoblastoma
	
Ch. 5:73




	Intracortical osteosarcoma
	
Ch. 5:73; Ch. 6:86, 88




	Multiple types of osteopetrosis exist:
	Osteopetrosis
	
Ch. 5:77




	 Precocious type (malignant form)—autosomal recessive
	
	



	 Delayed type (benign form)—autosomal dominant
	
	



	 Intermediate recessive type
	
	



	 Tubular acidosis type
	
	



	Two entities in this group have characteristic radiographic features:
	
	



	 Ovoid radiodense foci in the medullary cavity of long bones
	Osteopoikilosis
	
Ch. 5:79




	Blastic metastases
	
Ch. 17:257




	 Cortical hyperostosis resembling “melted candle wax”
	Melorheostosis
	
Ch. 5:80




	Occasionally, these two entities coexist with osteopathia striata
	Mixed sclerotic bone dystrophies
	
Ch. 5:79



	Histopathology


	Two types of osteoma exist histologically
	Compact (ivory) osteoma
	
Ch. 5:69




	Trabecular (spongy) osteoma
	
Ch. 5:69




	One or more histologically ”intermediate” lesions exist between osteoblastoma and osteosarcoma
	
Aggressive osteoblastoma

Epithelioid osteoblastoma


	
Ch. 5:75
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Pattern 2 Osteoid/Bone Deposition and Aggressive Radiology within Bone

[image: image]
Elements of the pattern: By radiographic examination, most lesions in this group are primarily medullary in origin and are seen to first erode and then breach the cortex, resulting in an accompanying soft tissue mass. (A) Mineralization, especially in the center, is usually evident and a periosteal reaction prominent (Codman angle). Histologically, the unifying feature is the presence of tumor osteoid, which in this case is almost entirely masked by the dominant small blue round cell infiltrate. (B) The greater degree of pleomorphism seen in these cells, as compared to other small cell lesions such as Ewing sarcoma, serves as a subtle hint. The staghorn-like vascular spaces (hemangiopericytomatous pattern) seen on the corners of the image are another helpful feature pointing toward the correct diagnosis.










	Additional Findings
	Diagnostic Considerations
	Chapter:Page



	Radiology


	Radiologic mimics of osteosarcoma (OS)
	Osteoblastoma
	
Ch. 5:74




	Aggressive osteoblastoma
	
Ch. 5:75



	Histopathology


	Histologic mimics of OS
	Giant cell tumor
	
Ch. 6:95; Ch. 11:153




	Ewing sarcoma with osteoid
	
Ch. 6:97; Ch. 14:223




	Aneurysmal bone cyst
	
Ch. 6:93–95; Ch. 15:230




	Osteoblastoma
	
Ch. 5:73; Ch. 6:88




	Dedifferentiated chondrosarcoma
	
Ch. 10:146




	Fibrous dysplasia
	
Ch. 6:90; Ch. 12:163




	Chondrosarcoma
	
Ch. 6:88; Ch. 10:143




	Malignant fibrous histiocytoma
	
Ch. 6:90; Ch. 12:179




	Fracture callus
	
Ch. 6:91–93; Ch. 7:109




	Entities that give rise to OS
	Bone infarct
	
Ch. 6:86; Ch. 16:249




	Dedifferentiated (malignant) giant cell tumor
	
Ch. 11:156




	Dedifferentiated chondrosarcoma
	
Ch. 10:146




	Dedifferentiated chordoma
	
Ch. 18:282




	Paget disease
	
Ch. 6:86




	Fibrous dysplasia
	
Ch. 6:86; Ch. 12:163




	Irradiation
	
Ch. 6:86




	Ewing sarcoma, postalkylating agent therapy
	
Ch. 6:86




	Hereditary retinoblastoma
	
Ch. 6:93




	Li-Fraumeni syndrome
	
Ch. 6:93




	RecQ DNA helicase syndromes (Rothmund Thomson, Bloom, Werner)
	
Ch. 6:93




	Biphasic tumors in bone
	Synovial sarcoma
	
Ch. 16:244; Ch. 21:326




	Adamantinoma
	
Ch. 14:206




	Dedifferentiated parosteal OS
	
Ch. 8:120




	Dedifferentiated chordoma
	
Ch. 18:282




	Dedifferentiated chondrosarcoma
	
Ch. 10:146




	Osteofibrous dysplasia
	
Ch. 12:165




	Mesenchymal chondrosarcoma
	
Ch. 10:147
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Pattern 3 Osteoid/Bone Deposition and Nonaggressive Radiology on Bone Surface

[image: image]
Elements of the pattern: Radiologically, these lesions typically appear as exophytic, sessile or pedunculated masses, and many have a cartilaginous cap. Separating these lesions is often quite challenging, and doing so depends on subtleties such as (1) presence or absence of continuity with the underlying bone's cortex and medulla; (2) exactly which bone or bones are involved; and (3) where on the bone the lesion is centered. In this case, a well-defined mass is seen at the very end of the distal phalanx and does not appear to show direct continuity with the underlying bone (A). Histopathologically, there is a heterogeneous mixture of cartilage, bone, and proliferating fibroblasts. At the periphery, lobular cellular cartilage is seen with wisps of a pseudocapsule; however, the cartilage lacks columnar architecture and a distinct blue-purple tint is noted (B).










	Additional Findings
	Diagnostic Considerations
	Chapter:Page



	Radiology


	Radiologic mimics of osteochondroma
	Nora lesion (bizarre parosteal osteochondromatous proliferation [BPOP])
	
Ch. 7:106




	Subungual exostosis
	
Ch. 7:107




	Mature florid reactive periostitis
	
Ch. 7:108




	Radiologic mimics of periosteal chondroma
	Juxtacortical chondromyxoid fibroma (CMF)
	
Ch. 9:130; Ch. 12:181




	Periosteal chondrosarcoma (CS)
	
Ch. 8:115; Ch. 10:141




	Periosteal osteosarcoma (OS)
	
Ch. 8:118




	Metaphyseal “saucerization” of the cortex
	Juxtacortical CMF
	
Ch. 9:130; Ch. 12:181




	Periosteal chondroma
	
Ch. 8:115; Ch. 9:137




	Florid reactive periostitis
	
Ch. 7:108




	Periosteal CS
	
Ch. 8:118; Ch. 10:142




	Ewing sarcoma
	
Ch. 14:221



	Histopathology


	Histologic mimics of parosteal osteoma
	Parosteal OS
	
Ch. 5:69; Ch. 8:119




	Osteoid osteoma
	
Ch. 5:73




	Sessile osteochondroma
	
Ch. 5:70; Ch. 7:104




	Juxtacortical myositis ossificans
	
Ch. 5:69




	Osteoblastic metastatic disease
	
Ch. 5:69; Ch. 17:263




	Melorheostosis
	
Ch. 5:81




	Histologic mimics of Nora lesion (BPOP)
	Osteochondroma
	
Ch. 7:104




	Parosteal OS
	
Ch. 8:119




	Periosteal OS
	
Ch. 8:118




	Periosteal chondroma
	
Ch. 8:115




	Periosteal CS
	
Ch. 8:116




	Histologic mimics of fracture callus
	OS
	
Ch. 7:109




	Myositis ossificans
	
Ch. 7:92




	Chronic osteomyelitis
	
Ch. 7:110; Ch. 14:226




	Histologic mimics of osteochondroma
	Nora lesion (BPOP)
	
Ch. 7:106




	Subungual exostosis
	
Ch. 7:107




	Fracture callus
	
Ch. 6:90; Ch. 7:109




	Parosteal OS
	
Ch. 8:120




	Histologic mimics of florid reactive periostitis
	Conventional OS
	
Ch. 6:86




	High-grade surface OS
	
Ch. 8:112




	Parosteal OS
	
Ch. 8:111, 120




	Nodular fasciitis
	
Ch. 8:111
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Pattern 4 Chondroid Deposition and Nonaggressive Radiology

[image: image]
Elements of the pattern: The classic radiographic appearance of these lesions is a lytic, lobulated, medullary lesion with sharply defined borders and little to no endosteal scalloping. The pattern of calcification in this lesion is unique and is often described as ambiguous, amorphous, or cloudy and containing arcs and rings (A). Cortical expansion may be present. Histopathology is partially dependent on tumor location and type. The cartilage lacks significant pleomorphism, hyperchromasia, and mitoses, and there is usually exuberant ground substance (B).










	Additional Findings
	Diagnostic Considerations
	Chapter:Page



	Radiology


	Radiologic mimics of infantile hamartoma of the chest wall
	Osteochondroma
	
Ch. 7:103; Ch. 16:240




	Chondromyxoid fibroma (CMF)
	
Ch. 9:130; Ch. 16:240




	Chondroblastoma
	
Ch. 9:127; Ch. 16:240




	Aneurysmal bone cyst
	
Ch. 15:230; Ch. 16:240




	Fibrous dysplasia
	
Ch. 12:162; Ch. 16:240




	Langerhans cell histiocytosis
	
Ch. 14:162; Ch. 16:240




	Hemangioma
	
Ch. 14:162; Ch. 16:240




	Chondrosarcoma (CS)
	
Ch. 13:188; Ch. 16:240




	Osteosarcoma (OS)
	
Ch. 6:86; Ch. 16:240




	Osteoblastoma
	
Ch. 5:74; Ch. 16:240




	Ewing sarcoma
	
Ch. 14:220; Ch. 16:240



	Histopathology


	Histologic mimics of benign cartilage lesions
	Chondroblastoma-like OS
	
Ch. 6:90




	CMF-like OS
	
Ch. 6:90




	Low-grade CS
	
Ch. 9:129; Ch. 10:143




	Conventional CS of pelvic bones
	
Ch. 9:132




	Extragnathic myxoma
	
Ch. 9:132




	Mimics of chondroblastoma
	Clear cell CS (radiologically)
	
Ch. 9:129; Ch. 10:145




	CMF
	
Ch. 9:129




	Osteoblastoma (rarely)
	
Ch. 5:74




	Giant cell tumor
	
Ch. 11:154




	Chondroblastoma-like OS
	
Ch. 6:90
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Pattern 5 Chondroid Deposition and Aggressive Radiology within Bone

[image: image]
Elements of the pattern: Radiographically, the characteristic features of cartilaginous tumors are identified, including rings and arcs and popcorn calcifications. The endosteal scalloping is greater than that seen in Pattern 4, as is the cortical thickening. Moreover, one sees permeation of the cortex and often a soft tissue mass. When dedifferentiation is present, as in this case, features of low-grade chondrosarcoma can be seen juxtaposed to destructive lytic changes (A). Histologically, the cartilaginous elements show varying amounts of hyperchromasia, pleomorphism, myxoid change, binucleate forms, mitotic activity, and entrapment and destruction of bone. Paralleling the radiologic findings, microscopic analysis of dedifferentiated chondrosarcoma reveals a high-grade sarcoma of various types sharply apposed to low-grade chondrosarcoma (B).










	Additional Findings
	Diagnostic Considerations
	Chapter:Page



	Radiology


	Epiphyseal cartilaginous lesion
	Clear cell chondrosarcoma (CS)
	
Ch. 10:145




	Chondroblastoma
	
Ch. 9:127




	Giant cell tumor
	
Ch. 11:153



	Histopathology


	Myxoid-rich cartilaginous tumor
	CS with extensive myxoid change
	
Ch. 10:143




	CS (skeleletal or extraskeletal)
	
Ch. 10:143




	Cytologically “malignant” cartilage
	Conventional CS
	
Ch. 10:142




	Chondroblastic osteosarcoma (OS)
	
Ch. 6:85




	Enchondroma of fingers and toes
	
Ch. 9:134; Ch. 10:143




	Myxoid CS
	
Ch. 10:143




	Extensive woven bone or osteoid-like matrix associated with cartilage
	Chondroblastic OS
	
Ch. 6:86




	Clear cell CS
	
Ch. 10:145




	Osteoblastoma
	
Ch. 5:75




	Dedifferentiated CS
	
Ch. 10:146




	Mesenchymal CS
	
Ch. 10:147




	Biphasic tumor with cartilaginous elements
	Dedifferentiated CS
	
Ch. 10:146




	Mesenchymal CS
	
Ch. 10:147
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Pattern 6 Chondroid or Osteoid/Bone Deposition and Aggressive Radiology on Bone Surface

[image: image]
Elements of the pattern: Radiologically, these lesions typically have well-marginated periosteal changes with accompanying soft tissue masses but without medullary involvement. The periosteal changes may have a sunburst appearance, and the pattern of mineralization may be that of a cartilaginous or osseous lesion. In this example, the radiologic appearance is stereotypical (i.e., being metaphyseal and wrapping around one of the long bones of the “knee”). The cortical bone is clearly thickened but is otherwise relatively spared (A). Histologically, this case shows a moderately cellular fibroblastic proliferative infiltrate separated by trabeculae of lamellar and woven bone (B).










	Additional Findings
	Diagnostic Considerations
	Chapter:Page



	Radiology


	Radiographic mimics of intraosseous and parosteal lipoma
	Bone infarct
	
Ch. 16:249




	Brodie abscess
	
Ch. 14:225; Ch. 16:239




	Fibrous dysplasia
	
Ch. 12:162




	Nonossifying fibroma
	
Ch. 12:171; Ch. 16:239




	Giant cell tumor
	
Ch. 11:153; Ch. 16:239




	Simple bone cyst
	
Ch. 15:234




	Osteoblastoma
	
Ch. 5:74




	Plasmacytoma
	
Ch. 14:208




	Benign chondroid lesions
	
Ch. 9:130



	Histopathology


	Histologic mimics of periosteal chondrosarcoma (isocitrate dehydrogenase [IDH1] positive)
	Periosteal chondroma
	
Ch. 8:115




	Periosteal osteosarcoma (OS) (no IDH1 mutations)
	
Ch. 8:118




	Histologic mimics of high-grade surface OS (CDK4 and MDM2 negative)
	Dedifferentiated parosteal OS (CDK4 and MDM2 positive)
	
Ch. 8:122




	Conventional OS
	
Ch. 6:86; Ch. 8:121




	Periosteal OS
	
Ch. 8:118
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Pattern 7 Fibrous Lesions Replacing Trabecular Bone

[image: image]
Elements of the pattern: Because this group of lesions fails to produce bone or cartilage, the radiologic features are often nonspecific and range along a wide morphologic spectrum. Often, location of the lesion and patient age are helpful; for example, the vast majority of solitary myofibromas occur in the craniofacial bones of infants, whereas liposclerosing myxofibrous tumor is restricted to the intertrochanteric region of the proximal femur. Nonossifying fibroma, as seen in this example, typically arises as an eccentric, sharply demarcated, metaphyseal tumor in the distal long bones of young boys (A). Histopathologic examination reveals the characteristic bland storiform pattern of spindled cells of variable cellularity mixed with xanthoma cells, histocytes, and red blood cells (B).










	Additional Findings
	Diagnostic Considerations
	Chapter:Page



	Radiology


	
Characteristic radiologic features of liposclerosing myxofibrous tumor (LSMFT):

Well-defined lesion

Extensive sclerotic rim

Location in intertrochanteric region of proximal femur

Mild expansile remodeling

Foci of intralesional mineralization



	LSMFT
	
Ch. 12:169




	Radiologic mimics of desmoplastic fibroma
	Aneurysmal bone cyst
	
Ch. 12:173; Ch. 15:229




	Simple bone cyst
	
Ch. 12:173; Ch. 15:234




	Giant cell tumor
	
Ch. 11:153; Ch. 12:173




	Chondromyxoid fibroma (CMF)
	
Ch. 9:130; Ch. 12:173




	Sarcoma, not otherwise specified
	
Ch. 12:173



	Histopathology


	Histologic mimics of myofibromatosis of bone
	Desmoplastic fibroma
	
Ch. 12:173




	Leiomyoma/sarcoma
	
Ch. 12:168; Ch. 16:243




	Spindle cell sarcoma
	
Ch. 12:168; Ch. 16:241




	Histologic mimics of fibromyxoma of bone
	CMF
	
Ch. 9:130; Ch. 12:166




	Fibrous dysplasia (with myxoid change)
	
Ch. 12:166




	Myxoid chondrosarcoma
	
Ch. 10:143; Ch. 12:166




	Intraosseous ganglion
	
Ch. 12:166; Ch. 15:232




	Metastatic cardiac myxoma
	
Ch. 12:166




	Odontogenic myxoma
	
Ch. 12:166




	Myxoid fibrosarcoma
	
Ch. 12:166




	Primitive dental pulp
	
Ch. 12:166




	Histologic mimics of LSMFT
	Fibrous dysplasia
	
Ch. 12:169




	Intraosseous lipoma
	
Ch. 12:169; Ch. 16:243




	Simple bone cyst
	
Ch. 12:169; Ch. 15:234




	Bone infarct
	
Ch. 12:169; Ch. 16:248




	Histologic mimics of desmoplastic fibroma
	Benign fibrous histiocytoma
	
Ch. 12:173




	Malignant fibrous histiocytoma
	
Ch. 12:173




	Nonossifying fibroma
	
Ch. 12:173




	Neurofibroma
	
Ch. 12:173




	Fibrosarcoma
	
Ch. 12:173




	Fibroblastic osteosarcoma
	
Ch. 6:86; Ch. 12:173
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Pattern 8 Fibro-osseous Lesions Replacing Trabecular Bone

[image: image]
Elements of the pattern: Radiographically, fibro-osseous lesions often have characteristic features, greatly aiding diagnosis. For example, fibrous dysplasia (FD) typically shows a “ground glass” appearance and expansile remodeling on conventional imaging (A), whereas ossifying fibroma can be recognized as a well-circumscribed radiopacity in the jaws with resorption of the involved tooth roots. Histologically, FD lesions show irregularly shaped islands of woven bone relatively devoid of surrounding osteoblasts (naked bone spicules) in a variably cellular stroma matrix (B).










	Additional Findings
	Diagnostic Considerations
	Chapter:Page



	Radiology


	
Key radiologic features of fibrous dysplasia:

Ground glass appearance

Expansile remodelinng

Well-defined borders

Sclerotic rim

Shepherd crook deformity (femur)

Expansion of outer table over inner table of skull



	Fibrous dysplasia
	
Ch. 12:161




	
Key radiologic features of osteofibrous dysplasia:

Lytic defect in anterior cortex of tibia or fibular diaphysis

Expansile remodeling

Thin rim of sclerosis



	Osteofibrous dysplasia
	
Ch. 12:165



	Histopathology


	
Unusual cytologic/histologic patterns in fibrous dysplasia:

Benign fibrous histiocytoma/nonossifying fibroma-like stroma

Myxomatous change

Multiple giant cells

Fatty change

Cartilage formation

Aneurysmal bone cyst–like changes



	Fibrous dysplasia
	
Ch. 12:163




	Histologic mimics of fibrous dysplasia
	Osteofibrous dysplasia
	
Ch. 12:163




	Osteoblastoma
	
Ch. 5:75; Ch. 12:163




	Enchondroma
	
Ch. 9:134; Ch. 12:163




	Meningioma
	
Ch. 12:163




	Paget disease
	
Ch. 12:163; Ch. 16:250




	Well-differentiated osteosarcoma (central or parosteal)
	
Ch. 8:119; Ch. 12:163







[image: image]








Pattern 9 Giant Cells Replacing Trabecular Bone

[image: image]
Elements of the pattern: As the name suggests, a population of giant cells defines these entities. Although many tumors, especially nonossifying fibroma and chondroblastoma, contain osteoclast-like giant cells, the lesions to be considered here are giant cell tumor of bone and giant cell reparative granuloma. The essential data points in these tumors are the age of the patient, the bone involved (i.e., gnathic bone vs. bones of the fingers and toes vs. long bones), location within bone (e.g., metaepiphyseal), and radiographic pattern. Serum chemistries such as calcium parathormone may be critical. Historically, histologic/cytologic features evaluated include size of the individual giant cells, number of nuclei per giant cell, presence or absence of grooved nuclei, similarity between the nuclear morphology of the stromal cell population and the giant cell population and pleomorphism/mitotic figures. More recently, immunophenotyping along with molecular genetics have helped better define the lesions. However, occasionally the diagnosis may be challenging, such as when a fibrohistiocytic reactive process is comingled with an otherwise typical giant cell tumor of bone.










	Additional Findings
	Diagnostic Considerations
	Chapter:Page



	Radiology


	Radiolucent expansile intraosseous lesion in the jaws
	Giant cell reparative granuloma (GCRG)
	
Ch. 11:156




	Brown tumor
	
Ch. 11:156




	Peripheral giant cell epulis
	
Ch. 11:156




	Cherubism
	
Ch. 11:156



	Histopathology


	Osteoclastic giant cells mixed with fibrohistiocytic elements
	Giant cell tumor
	
Ch. 11:153




	GCRG
	
Ch. 11:158




	Benign fibrous histiocytoma
	
Ch. 12:176




	Aneurysmal bone cyst
	
Ch. 15:230




	Brown tumor
	
Ch. 11:15




	Chondroblastoma
	
Ch. 9:128




	Nonossifying fibroma
	
Ch. 12:173



	Molecular Genetics


	Somatic mutations in H3F3A/H3F3B genes
	Giant cell tumor
	
Ch. 11:153




	Chondroblastoma
	
Ch. 9:130
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Pattern 10 Vascular Tumors Replacing Trabecular Bone

[image: image]
Elements of the pattern: The appearance of the endothelial cells and their interface with the surrounding stroma are the critical diagnostic features in this ever-expanding group of neoplasms and malformations. With the single exception of conventional hemangioma, primary vascular neoplasms of bone are extremely rare, which limits statistically relevant evaluation. By drawing parallels with similar, if not identical, tumors in soft tissue, it appears that these lesions segregate into biologically benign and malignant tumors and an intervening group that displays intermediate clinical behavior. At the malignant end of the spectrum is epithelioid angiosarcoma. Radiograpic imaging typically shows a large, highly destructive, lytic process with poorly defined (infiltrative) margins, confirming the aggressive nature of this process. Histopathologically, the cells are extremely large and pleomorphic, growing in solid masses, and poorly formed, with only rudimentary blood vessels identifiable. Intracytoplasmic vacuoles dominate and mitoses are frequent. In this image blood vessels with lumena are still recognizable, helping in the diagnosis.










	Additional Findings
	Diagnostic Considerations
	Chapter:Page



	Radiology


	Favored benign vascular lesion by demographic and radiologic data:
	
	



	 Middle-aged man with lesion in vertebra or skull with a corduroy or spoke-wheel appearance
	Hemangioma
	
Ch. 13:188




	 Teenager with lesion in metadiaphysis of long bone, spine, or jaw
	Lymphangioma
	
Ch. 13:191




	 Middle-aged man with lesion in long tubular bones, perhaps involving skin or multicentric in bone
	Epithelioid hemangioma
	
Ch. 13:193




	 Child with bone, skin, and soft tissue involvement; may be associated with Kasabach-Merritt phenomena
	Kaposiform hemangioendothelioma
	
Ch. 13:196




	Favored malignant vascular lesion by demographic and radiologic data:
	
	



	 Young adult with multifocal bone disease, usually in extremity bone, pelvis, or spine
	Epithelioid hemangioendothelioma (EHE)
	
Ch. 13:197




	 Middle-aged to elderly individual with solitary bone mass, perhaps secondary to radiation, bone infarct, or Paget disease
	Angiosarcoma
	
Ch. 13:201



	Histopathology


	Histologic mimics of epithelioid hemangioma
	EHE
	
Ch. 13:196




	Epithelioid angiosarcoma
	
Ch. 13:196




	Metastatic carcinoma
	
Ch. 13:196; Ch. 17:263




	Histologic mimics of EHE
	Other epithelioid vascular neoplasms
	
Ch. 13:198




	Metastatic carcinoma
	
Ch. 13:198; Ch. 17:263




	Chondrosarcoma
	
Ch. 10:143; Ch. 13:198




	Epithelioid sarcoma
	
Ch. 13:198




	Histologic mimics of Kaposi sarcoma
	Kaposiform hemangioendothelioma
	
Ch. 13:201




	Spindle cell hemangioma
	
Ch. 13:201




	Angiosarcoma
	
Ch. 13:201




	Fibrosarcoma
	
Ch. 13:201
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Pattern 11 “Small Cell” Permeation of Trabecular Bone

[image: image]
Elements of the pattern: The sea of small blue round cells obliterating normal bony structures is perhaps the only feature linking this diverse group of neoplasms. Some of these tumors (e.g., neuroblastoma and alveolar rhabdomyosarcoma) are virtually always metastatic when present in bone; some, such as osteomyelitis and Rosai-Dorfman disease, are benign; and still others, including myeloma and lymphoma, are highly malignant. However, the primary consideration in this pattern is Ewing sarcoma, which is illustrated here. The immunophenotype and molecular genetics of this group of tumors are perhaps the best characterized of all the tumor types in orthopedic pathology, allowing for highly accurate diagnosis with both prognostic and therapeutic implications. Radiographically, this tumor typically presents as a mixed osteolytic and osteoblastic lesion with permeation and a soft tissue mass (A). The size and shape of the small cells, presence or absence of nucleoli, mitotic figures, eccentricity of the nucleus, cytoplasmic granules, and ultrastructural structures all add to the histologic diagnosis, which should be supplemented with immunohistochemical and molecular analysis. In this example, the small, uniform cells have a bland dispersed chromatin. Mitotic figures are rare and no stroma is appreciated except for the prominent vascular walls (B).










	Additional Findings
	Diagnostic Considerations
	Chapter:Page



	Radiology


	Radiologic mimics of Langerhans cell histiocytosis (LCH)
	Osteomyelitis
	
Ch. 14:215




	Ewing sarcoma
	
Ch. 14:215




	Radiologic mimics of sinus histiocytosis with massive lymphadenopathy (SHML; Rosai-Dorfman disease)
	Metastatic disease
	
Ch. 14:220; Ch. 17:263




	Osteomyelitis
	
Ch. 14:220




	LCH
	
Ch. 14:220




	Erdheim-Chester disease
	
Ch. 14:220




	Giant cell tumor
	
Ch. 11:153




	Lymphoma
	
Ch. 14:220




	Fibrous dysplasia
	
Ch. 12:162




	Chondromyxoid fibroma
	
Ch. 9:130




	Enchondroma
	
Ch. 9:133




	Tuberculosis
	
Ch. 14:220




	Melanoma
	
Ch. 17:257




	Sarcoidosis
	
Ch. 14:220




	Ewing sarcoma
	
Ch. 14:220



	Histopathology


	Histologic mimics of LCH
	Bacterial, parasitic, and fungal osteomyelitis
	
Ch. 14:216




	Granulomatous inflammation
	
Ch. 14:216




	Hodgkin lymphoma
	
Ch. 14:216




	Non-Hodgkin lymphoma
	
Ch. 14:216




	SHML (Rosai-Dorfman disease)
	
Ch. 14:216




	Erdheim-Chester disease
	
Ch. 14:216




	Juvenile xanthogranulomas
	
Ch. 14:216




	Histologic mimics of Erdheim-Chester disease
	Benign fibrous histiocytoma
	
Ch. 12:176; Ch. 14:218




	Nonossifying fibroma
	
Ch. 12:173




	LCH
	
Ch. 14:218




	SHML (Rosai-Dorfman disease)
	
Ch. 14:218




	Gaucher disease
	
Ch. 14:218




	Chronic osteomyelitis
	
Ch. 14:218




	Histologic mimics of Ewing sarcoma
	Lymphoblastic lymphoma
	
Ch. 14:224




	Synovial sarcoma
	
Ch. 21:326




	Rhabdomyosarcoma
	
Ch. 14:224; Ch. 17:263




	Desmoplastic small round cell tumor
	
Ch. 14:224




	Small cell osteosarcoma
	
Ch. 6:97




	Mesenchymal chondrosarcoma
	
Ch. 10:147




	Myeloid sarcoma
	
Ch. 14:224




	Small cell carcinoma
	
Ch. 14:224




	Olfactory neuroblastoma
	
Ch. 14:224




	Neuroendocrine tumors
	
Ch. 14:224
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Pattern 12 Cystic Lesions

[image: image]
Elements of the pattern: The presence or absence of a cyst lining are key determinants in classifying these lesions. The radiologic imaging varies among these entities, and diagnosis relies on histologic analysis: a space filled with mucoid material and lined by fibrous tissue without lining cells is most likely a ganglion cyst while that same space similarly lacking a lining epithelium but filled with a serosanguineous fluid is defined as a simple or unicameral bone cyst. The epidermal cyst, as the name suggests, has a squamous cell lining and keratin debris in the cystic space. The most complex cyst of this group is the aneurysmal bone cyst, which is shown here. In this entity, the cavity, which is typically multiloculated, is usually filled with blood, which gives the appearance of fluid-fluid levels on MRI. The walls are composed of reactive connective tissue, supporting cellular elements (histocytes, osteoclast-like giant cells, osteoblasts, endothelial cells, and fibroblasts), and, most importantly, woven bone (fiber osteoid). There is neither an endothelial nor an epithelial lining.










	Additional Findings
	Diagnostic Considerations
	Chapter:Page



	Radiology


	Centered in the posterior elements of the spine
	Aneurysmal bone cyst (ABC)
	
Ch. 15:229




	Well-defined osteolytic lesion in terminal phalanx
	Epidermal cyst
	
Ch. 15:231




	Glomus tumor
	
Ch. 15:231




	Enchondroma
	
Ch. 9:133




	lntraosseous ganglion
	
Ch. 15:232




	Simple bone cyst
	
Ch. 15:234




	Subchondral location adjacent to knee/hip
	lntraosseous ganglion
	
Ch. 15:232




	Subchondral cyst of osteoarthritis
	
Ch. 19:230




	Internal septations with fluid-fluid levels
	ABC
	
Ch. 15:229




	Telangiectatic osteosarcoma
	
Ch. 6:94




	Osteolysis and ballooned osseous expansion
	ABC
	
Ch. 15:229




	Giant cell tumor
	
Ch. 11:231




	Enchondroma
	
Ch. 9:133




	Giant cell reparative granuloma
	
Ch. 11:156




	Brown tumor
	
Ch. 11:156




	Osteoblastoma
	
Ch. 5:74



	Histopathology


	Fiber osteoid
	ABC
	
Ch. 15:230




	Telangiectatic osteosarcoma
	
Ch. 6:94




	Blue bone
	ABC
	
Ch. 15:230




	Bizarre parosteal osteochondromatous proliferation (Nora lesion)
	
Ch. 8:113




	Myxoid change within a capsule
	lntraosseous ganglion
	
Ch. 15:232




	Clear cell chondrosarcoma
	
Ch. 10:143, 145




	Cyst wall composed of fibrous tissue without a lining layer of cells
	Simple bone cyst
	
Ch. 15:234




	lntraosseous ganglion
	
Ch. 15:232
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Pattern 13 Metastasis to Bone

[image: image]
Elements of the pattern: The most frequent tumor of bone is a metastasis, and its incidence increases with age. The vast majority of metastases are carcinomas, but sarcomas and lymphomas are well documented. Furthermore, metastasis from one primary bone site to another is not unusual. Radiographically, the pattern of bone alteration (osteolytic, osteoblastic, or mixed) can provide insight into the organ/tissue/cell of origin. In this example, a patient with rhabdomyosarcoma in the distant past presented with back pain; CT revealed a lytic vertebral body lesion with minimal expansile remodeling (A). Histologically, the small round blue cell pattern (Pattern 11) is identified, raising the possibility of Ewing sarcoma and lymphoma (B). Based on the clinical history, however, immunohistochemical analysis for desmin and MyoD1 was performed and found to be positive.










	Additional Findings
	Diagnostic Considerations
	Chapter:Page




	Most likely sites of origin of metastasis presenting in distal extremities
	Lung
	
Ch. 17:255




	Kidney
	
Ch. 17:255




	Most likely sites of origin of bone metastases presenting in the hands and feet
	Lung
	
Ch. 17:256




	Kidney
	
Ch. 17:256




	Colon
	
Ch. 17:256




	Most common cancers of children metastatic to bone
	Neuroblastoma
	
Ch. 14:223; Ch. 17:256




	Wilms tumor
	
Ch. 17:256




	Osteosarcoma
	
Ch. 6:85; Ch. 17:256




	Ewing sarcoma
	
Ch. 14:220; Ch. 17:256




	Rhabdomyosarcoma
	
Ch. 16:247; Ch. 17:256




	Renal clear cell sarcoma
	
Ch. 17:256




	Medulloblastoma
	
Ch. 17:256




	Most likely primary sites of blood-borne carcinomas metastatic to bone
	Breast
	
Ch. 17:256




	Prostate
	
Ch. 17:256




	Lung
	
Ch. 17:256




	Kidney
	
Ch. 17:256




	Thyroid (usually follicular)
	
Ch. 17:256




	Most likely sites/types for osteoblastic metastases
	Breast (ductal)
	
Ch. 17:257




	Prostate
	
Ch. 17:257




	Carcinoid
	
Ch. 17:257




	Urinary bladder (transitional cell carcinoma)
	
Ch. 17:257




	Lung (small cell)
	
Ch. 17:257




	Gastrointestinal (mucinous adenocarcinoma)
	
Ch. 17:257




	Brain (medulloblastoma)
	
Ch. 17:257




	“Ivory” vertebra
	Metastatic disease
	
Ch. 17:261




	Paget disease
	
Ch. 16:250




	Hodgkin lymphoma
	
Ch. 17:261




	Benign notochordal tumor
	
Ch. 18:277




	Osteomyelitis
	
Ch. 14:225




	Osteosarcoma
	
Ch. 6:86




	Radiologic mimics of multiple bone metastases
	Osteoporosis
	
Ch. 17:263




	Myeloma/plasmacytoma
	
Ch. 17:263




	Chronic recurrent multifocal osteomyelitis
	
Ch. 17:263




	Polyostotic fibrous dysplasia
	
Ch. 12:162; Ch. 17:263




	Polyostotic Paget disease
	
Ch. 16:250; Ch. 17:263




	Brown tumor
	
Ch. 11:157; Ch. 17:263




	Langerhans cell histiocytosis
	
Ch. 14:215; Ch. 17:263




	Sarcoid
	
Ch. 17:263




	Insufficiency fracture
	
Ch. 7:109
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Pattern 14 Notochordal Lesions

[image: image]
Elements of the pattern: The primary consideration in the evaluation of notochordal lesions is separation of chordoma from notochordal cell remnants and a benign notochordal cell tumor. Radiographic analysis is almost always helpful and is supplemented by careful histologic evaluation with a focus on subtle changes such as nuclear size and appearance, presence of mucinous pools, and growth pattern. It can often be challenging to separate notochordal lesions from soft tissue tumor mimics such as metastatic carcinoma and mature adipose tissue. Here, ancillary studies, especially immunohistochemistry, are helpful. In this example of a classic chordoma, cords of physaliphorous cells with intracytoplasmic vacuoles are separated by pools of myxoid intercellular matrix.










	Additional Findings
	Diagnostic Considerations
	Chapter:Page



	Radiology


	Mass or destructive defect associated with the clivus
	Ecchordosis physaliphora
	
Ch. 18:275




	Chordoma
	
Ch. 18:279




	Dedifferentiated chordoma
	
Ch. 18:282



	Histopathology


	Physaliferous cells
	Ecchordosis physaliphorous
	
Ch. 18:276




	Benign notochordal tumor
	
Ch. 18:277




	Chordoma
	
Ch. 18:280




	Pseudophysaliferous cells
	Adult fat
	
Ch. 18:277




	Cartilage
	
Ch. 18:284




	Metastatic carcinoma
	
Ch. 17:265; Ch. 18:281




	Parachordoma/myoepithelioma
	
Ch. 18:283




	Pseudochordoma
	Mucinous (adeno)carcinoma
	
Ch. 17:265; Ch. 18:283




	Chondrosarcoma
	
Ch. 10:143; Ch. 18:283




	Mixed tumor/myoepithelioma
	
Ch. 18:283




	Extraskeletal myxoid chondrosarcoma
	
Ch. 18:283
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Pattern 15 Crystal Arthropathies

[image: image]
Elements of the pattern: The three principal crystalline arthropathies are due to depositions of monosodium urate (MSU), calcium pyrophosphate dihydrate (CPPD), and hydroxyapatite. Although gout (MSU) is the best known, CPPD is actually the most common. These entities can often be separated clinically as well as radiologically; crystal examination of fluids is often extremely helpful. Radiographic evaluation of CPPD shows punctate or globular densities (A) that appear grossly as chalky deposits. Histologically, the rhomboidal crystals are usually difficult to distinguish, but the diagnosis can be made on the basis of the blue-purple granular deposits without significant accompanying inflammation (B).










	Additional Findings
	Diagnostic Considerations
	Chapter:Page



	Radiology


	Monosodium urate (MSU) crystals (gout) are not usually visible; can be recognized as discrete marginal erosions in the articular bone
	Gout
	
Ch. 19:296; Ch. 20:303




	Calcium pyrophosphate dihydrate (CPPD) and hydroxyapatite (HA) deposits are radiologically dense due to calcific deposits; deposits are often linear on plain films
	
CPPD deposits

HA deposits


	
Ch. 19:297; Ch. 20:303



	Histopathology

	Crystals in Fluid


	
MSU and CPPD are identifiable in polarized light

MSU: needle-shaped, negatively birefringent

CPPD: rhomboidal, weakly positively birefringent

HA not identifiable in polarized light; granular, globular aggregates in nonpolarized light



	
Gout (MSU)

CPPD deposits

HA deposits


	
Ch. 20:304



	Crystals in Tissue


	
Chalky white deposits

Mononuclear and giant cells

Granulomatous reaction

Densely packed aggregates of crystals (“sheaves of wheat”)

Brown in nonpolarized light

Surrounded by fibrous connective tissue



	Gout (MSU)
	
Ch. 20:305




	
Chalky white appearance

Finely punctate in cartilage

Chondrocalcinosis in dense connective tissue

Blue-purple, granular deposits without associated inflammation

In loose connective tissue may mimic MSU with mononuclear and granulomatous inflammation



	CPPD deposits
	
Ch. 20:306




	
Chalky white appearance

Calcific tendinitis or capsulitis

May cause tumoral calcinosis

Calcospherite deposits



	HA deposits
	
Ch. 20:307
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Pattern 16 Joint-Associated Lesions
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Elements of the pattern: The neoplastic and non-neoplastic lesions of the joint span an enormous spectrum of benign, malignant, and reactive entities with extraordinarily diverse clinical, radiologic, and pathologic features. For example, the only commonality between rheumatoid arthritis and lipoma arborescens is that they both occur in or around joint spaces. The first step in diagnosing these entities is to identify the anatomic site: is the lesion in the synovium of a joint or bursa, in a tendinous insertion, or in the deep soft tissues? Having defined the anatomy, laboratory studies and radiology become critical in subcategorizing classes of disease (e.g., rheumatoid arthritis from septic arthritis from osteoarthritis). When considering synovial chondromatosis, one must determine whether the lesion is primary or secondary, intra- or extra-articular, and other diagnostic possibilities, such as chondroma of soft tissue or even an enchondroma, must be excluded. Thus, the diagnostic triad of Jaffe must be honored: in order to reach the correct diagnosis, one must bring the clinical data in line with the radiology and the gross and microscopic pathology.










	Additional Findings
	Diagnostic Considerations
	Chapter:Page



	Radiology


	
Key radiologic features of osteoarthritis:

Asymmetric joint space narrowing

Marginal osteophytes

Subchondral sclerosis

Subchondral cysts (geodes)

Intra-articular loose bodies



	Osteoarthritis
	
Ch. 19:290




	Mimics of osteoarthritis
	Rheumatoid arthritis
	
Ch. 19:293




	Skeletal dysplasia
	
Ch. 19:293




	Avascular necrosis
	
Ch. 19:293




	Infection
	
Ch. 19:293




	Crystal deposition disease
	
Ch. 19:293




	Gaucher disease
	
Ch. 19:293




	Wilson disease
	
Ch. 19:293
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	Trauma
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	Paget disease
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Ch. 19:293




	Diabetes mellitus
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Key radiologic features of rheumatoid arthritis:
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	Radiologic mimics of lipoma arborescens
	Intra-articular synovial lipoma
	
Ch. 21:317
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	Synovial osteochondromatosis
	
Ch. 21:317
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	Histopathology


	Histologic mimics of synovial sarcoma
	Fibrosarcoma
	
Ch. 16:245; Ch. 21:326




	Clear cell sarcoma
	
Ch. 16:245




	Melanoma
	
Ch. 16:245; Ch. 17:267




	Malignant peripheral nerve sheath tumor (MPNST)
	
Ch. 16:242, 245; Ch. 21:326




	Sarcomatoid carcinoma
	
Ch. 16:245




	Solitary fibrous tumor
	
Ch. 16:245




	Primitive round cell tumors
	
Ch. 21:326




	Histologic mimics of MPNST
	Pleomorphic undifferentiated sarcoma
	
Ch. 21:323




	Fibrosarcoma
	
Ch. 16:242




	Synovial sarcoma
	
Ch. 16:243, 245; Ch. 21:326




	Clear cell sarcoma
	
Ch. 16:242




	Melanoma
	
Ch. 16:242




	Metastatic adenocarcinoma
	
Ch. 16:242
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Definitions and Synonyms


Cortex: the dense outer portion of a bone; also referred to as compacta

Medulla: the inner part of a bone contained inside the cortex. It may be composed of marrow and fat in the midportions of long bones, or marrow, fat, and coarse cancellous bone near the bone ends. Cancellous bone is sometimes called spongiosa.

Primary spongiosa: cancellous bone consisting of mixed spicules (trabeculae) composed of both bone and calcified cartilage

Secondary spongiosa: cancellous bone containing no residual cartilage

Mature bone: bone in which the collagen of the extracellular matrix is arranged in layers, or lamellae (lamellar bone)

Immature bone: bone in which the collagen of the extracellular matrix is randomly arranged (woven bone)

Anisotropism: having a different symmetry or grain in different directions. It is usually applied to the way structures behave optically. Anisotropic substances shift the wave vector of polarized light such that they are visible between crossed polarizers. The term birefringence is often used interchangeably for anisotropism, but because birefringence represents only one instance of anisotropism, its use is technically incorrect.






Radiologic Features and Gross Pathology

Bone has evolved in vertebrates primarily to resist gravity and provide structural stability for and protection of the soft tissues. Although bones are synthesized and turned over via a continuous cycle of formation and destruction by cells, the vast majority of their mass consists of extracellular matrix. The properties of this extracellular matrix derive from the fact that it is a composite material consisting of an organic portion, most of which is type I collagen, and an inorganic portion composed of aggregated mineral that, aside from its minor chemical components, is essentially made up of calcium hydroxyapatite crystals. The organic portion of bone, accounting for 25% of bone mass, is responsible for its tensile strength, and the inorganic portion, accounting for 75% of bone mass, is responsible for its stiffness. The resulting composite bears a striking resemblance to reinforced concrete.

Bones have an outer compact cortex and an inner medulla. The cortex is composed of compact bone, which is both dense and solid, consisting of about 90% bone matrix and 10% space. The spaces in compact bone are the vascular canals, the osteocyte lacunae, and the osteocyte canaliculi connecting the lacunae. This structure enables the cortex to resist bending, torsion, and shear forces (Fig. 1-1). The medulla consists of cancellous bone and marrow at the ends of long bone and fatty marrow within the shafts of the long bones. The cancellous bone at the ends of long bones is spongy and is composed of approximately 25% bone and 75% space. Most of the space in cancellous bone is the bone marrow, which may be primarily adipocytic or hematopoietic, depending on bone location and patient age. Cancellous bone is organized into highly perforated vertical plates interconnected by thinner horizontal struts. This arrangement is optimal for resisting loading forces (Fig. 1-2). In short, bone maintains the least amount of mass necessary to provide maximal strength, for in bones, form follows function (Wolff's law).

[image: image]
Figure 1-1 Cortical bone at low power (A) reveals that most of the structure is solid with most of the space coming from Haversian canals. The unstained section at slightly higher magnification (B) reveals that some of the space also comes from osteocyte lacunae and canaliculi.
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Figure 1-2 Cancellous bone, marrow removed and macerated, demonstrates that the bone is arranged in perforated plates connected by thin struts.





The shape of a bone defines its anatomical classification. Tubular bones, which are those of the upper and lower extremities as well as in the fingers and toes, may be long or short. A cross section demonstrates that they have a compact cortex while being internally hollow for most of their length (Fig. 1-3). This arrangement matches the stresses these bones experience, with bending, shear, and torsional forces acting strongly at their surfaces, but negligible forces affecting the medullary cavity. At their ends, where loading requires transfer of force from bone to bone, the compact bone is thin and most of the bone mass is cancellous (Fig. 1-4). Flat bones, found in the axial skeleton, are more flat than circular in cross section and have a much higher ratio of surface area to volume than their tubular counterparts. Short bones, sometimes called epiphysioid bones because they develop as secondary ossification centers, have a high ratio of cancellous bone to compact bone and include the carpal and tarsal bones. Irregular bones, such as the vertebral bones, have a combination of characteristics of the other bone types (Fig. 1-5).

[image: image]
Figure 1-3 Cross section of a macerated long tubular bone (femur) demonstrating that virtually all the bone mass is concentrated in the cortex and that the medullary cavity is hollow.
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Figure 1-4 The ends of long bones (distal tibia in illustration) gain cancellous bone as the cortex thins, conforming to the distribution of force types.





[image: image]
Figure 1-5 The lumbar vertebral body pictured is both a short bone and, with the vertebral arches, an irregular bone. The cortex is thin, and cancellous bone is abundant because the forces are loading and the bone is not long enough to develop bending forces.





Bone develops primarily from mesodermal precursors; the paraxial mesoderm gives rise to the calvarium and axial skeleton, and the lateral plate mesoderm gives rise to the bones of the limbs. A small portion of the midline skull base is ectodermal in origin and develops from the neural crest.1 Although a thorough discussion of embryology, physiology, and cell signaling are beyond the intentions of practical surgical pathology and must be limited here, it is important to remember some aspects of bone development so as to make more sense of later osseous alterations. Traditionally, skeletal development is divided into intramembranous and endochondral ossification. This division separates bones into those that have never gone through a precartilaginous modeling phase and those that were first formed as cartilage models.2 This separation is based on a series of observations of static points in embryologic development in the dynamic cascade of anatomic and physiologic events with subsequent reconstruction of the sequence in a linear fashion. This separation is still used for illustration purposes, but it is inherently flawed; most bone mass in the adult skeleton was never preformed in cartilage, for although most bones had cartilage models, their cortices were formed using these models as a surface mold without any cartilage precursors. Additionally, some membranous bones have a transient cartilaginous phase. In the adult skeleton, more than 75% of skeletal mass is compact bone and, by this reasoning, can be said to be membranous in origin, and the remaining 25% of bone is spongy and represents the residual secondary spongiosa derived from endochondral ossification.

Cartilage is the other major connective tissue found in the skeleton. Like bone, cartilage is also a composite material, although its elements are collagen and complex glycosaminoglycans attached to a backbone of hyaluronic acid. The collagen, principally type II, accounts for its structural stability while the glycosaminoglycans provide the resiliency of the cartilage; glycosaminoglycans are extremely hydrophilic, which is why hyaline cartilage, the most common skeletal type of cartilage, is up to 70% water by weight. The direction and concentration of the collagen fibers in articular hyaline cartilage change in different parts of the cartilage and make its chondrocytes appear to conform to different shapes depending on their zonality (Fig. 1-6). Hyaline cartilage is pliable and easily compressed, yet because it easily reabsorbs water after compression, it has a “memory” and returns readily to its predeformational shape. Hence, hyaline cartilage is specialized for the loading forces affecting it and is an effective cushion for the bone articulations. Hyaline cartilage constitutes all of the cartilage in the adult skeleton with the exception of the joint menisci and small portions of the ligaments and tendons and is formed embryologically from mesenchymal stem cells working through the SOX pathway. Mice deficient in SOX-9 fail to produce hyaline cartilage.3 In adults, hyaline cartilage is found in the articular cartilage of the joints, and in children, it is found there as well as in the growth plates of the epiphyses and apophyses. Because the matrix is soft, pliable, and easily deformed, cartilage is able to add to bone length by a small amount of mitotic activity and a great increase in extracellular matrix. This process happens within the interstitium of the cartilage matrix; therefore, it is termed interstitial growth. Cartilage can also add to its mass on its outer surface. In this setting, the primary importance of growth is more to change the shape than the diameter or length. This is accomplished by differential mitotic activity as well as matrix formation. This type of growth is called appositional growth, and it is responsible for primary modeling of the immature skeleton as well as providing the appropriate complementary convex and concave shapes for joint surfaces (Fig. 1-7).4,5
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Figure 1-6 Human articular cartilage in brightfield (A) and polarized light (B). The bright zones of polarization (yellowish areas at top and bottom) correspond to where the collagen fibers are more concentrated in parallel and run vertically (bottom) and tangentially to the surface (top). In the brightfield image, the chondrocyte lacunae are more vertical in the bottom of the photograph, more round in the middle, and smaller and more horizontal in the superficial cartilage at the top.





[image: image]
Figure 1-7 Appositional growth is seen at the joint surfaces. Note the very high concentration of chondrocyte nuclei near the joint space, corresponding to cellular proliferation.





In adults, articular cartilage has no blood supply; it derives its nutrition indirectly from the synovial fluid. In children, the growth plates derive their nourishment from epiphyseal arteries and become progressively more ischemic as the proliferative zone and epiphyseal blood supply move away from the metaphysis.

Fibrocartilage, which constitutes the joint menisci, annuli fibrosis of the spine, and insertion portion (entheses) of ligaments and tendons, is composed mainly of type I collagen, with a smaller component of glycosaminoglycans than hyaline cartilage and, consequently, less water. Although it resembles other types of dense connective tissue histologically, its cells are rounder than those of other dense connective tissue, tend to retain lacunae, and resemble chondrocytes more than fibroblasts (Fig. 1-8). The outer one third of the meniscus and the annulus fibrosus each has a small amount of vascularity, but most fibrocartilage is avascular.

[image: image]
Figure 1-8 Fibrocartilage of a knee meniscus, illustrated in brightfield (A) and polarized light (B). The tissue resembles dense fibrous tissue, although its cells are shaped more like chondrocytes than fibroblasts. The polarized photograph demonstrates much more bright anisotropism than that seen in articular cartilage.





Elastic cartilage is not found in the skeleton but is found mainly in the epiglottis, the external and middle ear, and the arytenoid cartilages of the larynx. It is similar in histologic appearance to hyaline cartilage, but its perichondrocytic matrix is heavily enveloped by elastic fibers that extend into the less cellular interlacunar matrix (Fig. 1-9).

[image: image]
Figure 1-9 Elastic cartilage from the external ear demonstrates darker elastic fibers wrapping about the chondrocytes and extending into the cartilage matrix.








Histopathology

Histologic sections of bone prepared from paraffin blocks are almost universally decalcified prior to their sectioning. Because undecalcified bone has the approximate hardness of microtome blades, it is inherently difficult to cut with conventional microtomy without decalcification. More importantly, however, is that undecalcified bone is brittle and cannot be infiltrated by paraffin. This results in tearing of mineralized bone out of the softer paraffin and shattering of the bone fragments if the calcium hydroxyapatite is not removed prior to sectioning. Because hematoxylin is attracted to positively charged ions, undecalcified bone retaining calcium in sections appears blue (hematoxyphilic), whereas fully decalcified bone appears pink because the remaining conjugate bases in the collagen and bone morphometric proteins attract eosin. Consequently, decalcified sections of bone do not examine 75% of its actual mass, which is sequestered in the mineralized fraction.

Sections prepared to evaluate metabolic bone disease require the retention of bone mineral, because the proportion of osteoid to mineralized bone must be assessed. In addition, if bone dynamic studies have been performed by administering fluorochromes, decalcification would remove the fluorochromes because they bind to calcium (see Chapter 4). These sections are prepared by embedding the bone in plastic or resin that has the same order of hardness of the bone itself. They are then cut with a microtome knife that is harder than the tissue, usually some combination of tungsten and carbide. This requires much more time for embedding, curing, hardening, sectioning, and staining, as well as a special type of heavy-duty microtome, particularly if thin sections are required. Sections of undecalcified bone can also be prepared by making ground sections, in which the bone is placed between a sandwich of carbide paper and ground thin enough to be translucent. Typically, such sections are used to study anatomical structure of the extracellular matrix in compact bone. They are not useful for pathology primarily because the friction created by the process destroys all soft tissue, including the bone cells. In addition, they take time to prepare and require very skilled training. Thicker undecalcifed sections may also be prepared for microradiographs with the use of saw microtomes.

Three bone cell types are recognizable histologically. The first two types, osteoblasts and osteocytes, are derived from a common precursor stem cell that differentiates along an osteoprogenitor pathway. The third type, the osteoclast, is a specialized cell derived from modification of histiocytic precursor cells.

Osteoblasts are mononuclear cells that are pear-shaped in cytologic preparations. In routine histologic sections, they line bone trabeculae and are often seen rimming an entire active bone surface. They have abundant amphophilic to basophilic cytoplasm, eccentric nuclei that are usually on the side of the cell away from the bone surface, and often contain an intercellular pink vacuole corresponding to the Golgi region (Fig. 1-10).
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Figure 1-10 Osteoblasts in an undecalcified section at a medium magnification (A) and in a decalcified section, at high power (B). The cells are mononuclear, pear shaped, and have basophilic cytoplasm. In panel A, the active osteoblasts are separated from the purple calcified bone by a layer of pink osteoid. In panel B, the cell nuclei are active, with vesicular nuclei and nucleoli, and many of the cells have perinuclear vacuoles corresponding to the Golgi apparatus.





Osteocytes are osteoblasts that have become incorporated into the bone by the pericellular secretion of bone matrix until they become entrapped and surrounded by that matrix. They are smaller than osteoblasts, and as they incorporate into the bone matrix, their cytoplasm is pinched off into delicate cell processes that branch into the bone matrix within canaliculi (Fig. 1-11). These processes contact the processes of other osteocytes via specialized gap junctions, allowing the transport of water, glucose, electrolytes, and small molecules.

[image: image]
Figure 1-11 Osteocytes as seen in usual staining by light microscopy at high magnification (A). Note that the osteocyte nuclei appear as small blue dots and the canaliculi are just perceivable as fine bluish lines in the pink matrix. An undecalcifed section stained with picrosirius red and examined with Nomarski differential interference contrast stains the perilacunar matrix and the osteocyte canaliculi red in the green bone matrix (B). This enables the observer to appreciate the actual connections between osteocytes.





Osteoclasts, which largely depend on signaling that originates within osteoblasts to be recruited and to differentiate,6 are multinucleated giant cells that are found in scalloped resorption defects on the surface of bone called Howship lacunae. The ultrastructure of their contact zone with bone matrix demonstrates an undulating or ruffled border between the cell surface and the resorption zone (Fig. 1-12). At the perimeter of the cell are integrins, which form a tight attachment zone at the circumference of the resorption bay. The ruffled border increases the surface area between osteoclast and collagenous matrix. Associated with this resorption zone is a proton pump that can lower the pH range of the resorption zone to 3.0 to 4.0. This very acidic microenvironment stays acidified by virtue of the tight integrin attachment zone surrounding it. The microacidification allows the osteoclast to remove the mineral from the bone matrix prior to digestion of the organic matrix by collagenase and matrix metalloproteinases. This interaction between calcified bone and osteoclasts presumably explains why osteoclasts are associated only with mineralized surfaces when bone sections are examined without decalcification. Enzyme activity stains demonstrate a high concentration of alkaline phosphatase activity in osteoblasts and moderate activity in osteocytes (see Chapter 4). Osteoclasts have a high concentration of tartrate-resistant acid phosphatase activity, reflecting their histiocytic origins.
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Figure 1-12 Osteoclasts are multinucleated giant cells of histiocytic derivation. A paraffin section reveals an osteoclast next to its resorption bay (Howship lacuna; A). An undecalcified plastic section, stained with trichrome, demonstrates that the underlying bone surface is calcified (blue) and that the nuclei are active, with prominent nucleoli (B). A scanning electron micrograph demonstrates the ruffled border (arrow) (C).





In evaluating the organic bone matrix, the most important thing to observe is the fiber pattern of its collagen. Depending on this pattern, bone is referred to as woven bone or lamellar bone. Woven bone, or immature bone, is produced during in utero development or when bone turnover is very rapid. It is called woven bone because the fiber pattern of its collagen is randomly arranged, resembling coarse cloth in polarized light (Fig. 1-13). Lamellar bone, or mature bone, is produced under normal circumstances of slow bone modeling. The term lamellar means “layered” and refers to the fact that the collagen appears layered in polarized light (Fig. 1-14). In fact, the collagen is not layered in the same way as layers of a cake or even of plywood. The collagen fibers in lamellar bone form a continuous structure, but the orientation of the collagen fibers changes in a manner such that individual fibers parallel each other in any given lamella while their angle of orientation changes by a significant angle in the successive lamella. When there is maximal anisotropism in a given layer, the alternate layers show maximal extinction such that lamellar bone often appears as successively light and dark layers in polarized light.
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Figure 1-13 Compact bone with repair changes in brightfield (A) and polarized light (B). In polarized light, large areas of woven bone connect small areas of lamellar bone. Note that the areas corresponding to the woven bone at this magnification demonstrate larger numbers of osteocytes.
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Figure 1-14 Cortical bone demonstrating prominent lamellar bone made more visible by polarization contrast microscopy.





At birth, the entire skeleton is composed of woven bone. Under the influence of gravitational stress, the woven bone is gradually absorbed by osteoclasts and replaced slowly by lamellar bone. At approximately 3 years of age, that portion of the skeleton where there is no active growth is almost entirely lamellar in fiber structure. The only places in the skeleton that contain woven bone normally after that time are areas of bone adjacent to growth plates. Thus, a biopsy taken from any portion of the skeleton after the age of 3 that contains woven bone and is not adjacent to a growth plate can be deemed abnormal; however, the nature of the abnormality is not often discernible in a small biopsy without clinical and imaging information.

Woven bone is easily differentiated from lamellar bone using crossed polarizers; however, it is possible to distinguish the two even without polarizing equipment. Woven bone is produced in a much more rapid time sequence than lamellar bone; therefore, the osteocytes in woven bone are more rapidly incorporated into bone matrix than in lamellar bone and resemble osteoblasts much more than osteocytes in lamellar bone. Thus, in woven bone compared with lamellar bone, there are more osteocytes per unit volume, the osteocytes are larger, and their lacunae are also larger. In addition, by selectively narrowing the microscope substage condenser diaphragm or changing its optimal illumination by lowering the height of the substage condenser, one can often discern the lamellar arrangement of collagen even without polarizing filters (Fig. 1-15).

[image: image]
Figure 1-15 Composite photograph showing microfracture composed of woven bone bridging two patches of lamellar bone. Without polarization, the larger number of more prominent osteocytes in the woven bone compared with the lamellar bone allows the areas of woven bone to be recognized even without polarizers (A). A reticulin stain clearly shows the lamellar structure of this compact bone (B). This effect can be produced by lowering the substage condenser on the microscope under brightfield microscopy in H&E-stained sections.





Compact and cancellous bone result from the different types of bone development. Whereas most bones derive their shapes by being premodeled in cartilage, the cortices of bones never progress through a precartilaginous stage. Instead, the cortex forms from the perichondrium of the cartilage model when some of its stem cells differentiate into osteoprogenitor cells and begin to secrete bone matrix on the outside of the cartilage model. From this point on, the perichondrium is termed periosteum. The newly secreted bone forms a circumferential collar surrounding the cartilage model, and periosteal osteoblasts continue to deposit bone matrix on the outside of this bone appositionally. In utero, this new bone is woven, but ex utero, it is lamellar, and the successive deposits of this bone, because they circle the primitive bone, are called circumferential lamellae (Fig. 1-16). As these lamellae grow thicker, their vascular supply is enriched in osteoclasts, which remodel the lamellae from within, carving out cross-connected cylindrical channels. These channels will become Haversian canals and the cross connections between them will become Volkmann canals (Fig. 1-17).
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Figure 1-16 Outer circumferential lamellae are illustrated in this photograph of bovine femoral cortex (between arrows).
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Figure 1-17 Thick section of unstained compact bone (100 microns) viewed in Nomarski differential interference contrast lighting demonstrating Volkmann canals (V) and Haversian canals (arrows).





A pathologist wishing to interpret osseous abnormalities should have a microscope capable of producing adequate polarized light. This means that the optics should have strain-free glass, the polarizers should be a reasonable distance above and below the specimen plane, and the light source should be strong enough to be seen through anisotropic substances placed between the crossed polarizers. Polarizers are useful for the identification of crystals and foreign material, but for the bone pathologist they find their greatest application in identifying whether bone matrix is lamellar or woven. As has already been inferred, a bone biopsy taken from any individual older than 3 years of age that contains woven bone is pathologic until proven otherwise.

Osteoblasts deposit bone on the walls of the longitudinal cylinders carved into the cortex by osteoclasts. This bone is deposited in concentric layers, and the resulting structure is termed an osteon, or Haversian system (Fig. 1-18). Osteons are a characteristic of the compact bones in homeotherms. They are more numerous in long bones that bear weight and in animals that have a high volume-to-surface ratio. Primary osteons are those that form by replacement of circumferential lamellae. The periosteum on the outside of the cortex continues to slowly deposit lamellae of bone circumferentially about the cortex. Once the cartilage that formed the central portion of the original bone model disappears through the process of endochondral ossification and a hollow endosteal cavity has formed within a long bone, the residual circumferential lamellae bordering the endosteum are termed inner circumferential lamellae and those beneath the periosteum are termed outer circumferential lamellae (Fig. 1-19). Bone is continually stressed; therefore, it is a natural consequence that portions of the bone matrix, including osteons, will become fatigued. The overstressed bone is removed by osteoclast activity, and osteons replacing portions of old osteons are called secondary osteons. The resorption process invariably leaves fragments of circumferential lamellae and/or osteons in the compact bone without connections to other osteons and even without blood supply. These fragments are called interstitial lamellae (Fig. 1-20), and although they are a normal structural component of compact bone, they are technically dead bone. They become more numerous but smaller as the cortex ages.
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Figure 1-18 A single Haversian unit (osteon) stained by H&E viewed by polarization contrast microscopy clearly demonstrates radially arranged osteocyte canaliculi and central blood vessels.
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Figure 1-19 Canine femoral cortex unstained at low power in brightfield (A) and in polarized light (B) shows outer (O) and inner (I) circumferential lamellae (arrows).
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Figure 1-20 Interstitial lamellae (I) between osteons in compact bone.





Osteons are delimited from other osteons and lamellae by sliding planes that are analogous to mortar in a masonry wall. These are called cement lines. Very little is known about their structure, but they are thought to have a higher concentration of mucopolysaccharide and calcium than surrounding bone. They appear blue against the pink background in hematoxylin-eosin (H&E) sections of bone that has been decalcified (Fig. 1-21). They are created after either osteoblastic activity has begun after a prolonged period of inactivity, in which case they are called arrest lines, or when osteoclastic activity is followed by osteoblast activity, in which case they are called reversal lines. The two types of cement lines can be distinguished because lamellae continue in the same parallel direction on opposite sides of arrest cement lines but not for reversal cement lines (Fig. 1-22). The osteocyte processes and extracellular fluids surrounding them do not cross reversal cement lines to other osteons; however, the vascular supply from a Haversian canal is connected to other Haversian canals via Volkmann canals, which do cross cement lines. The regularity of cement lines is thought to contribute to structural stability of bone and to explain why bone can more easily resist compression when it is applied slowly rather than suddenly.
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Figure 1-21 Cement lines (arrows) stained by H&E are blue lines separating the osteons in this section of cortex.
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Figure 1-22 Osteon containing both arrest (A) and reversal (R) cement lines. When the brightfield section (A) is polarized (B), the lamellae on opposite sides of the arrest line are continuous, whereas they are discontinuous and in different directions on opposite sides of the reversal line as seen in polarized light.





Cancellous bone, or spongy bone, is mainly marrow and adipose tissue by volume. Whereas vertical bone trabeculae are highly interconnected by smaller and thinner horizontal trabeculae, most histologic sections of bone do not adequately illustrate this connectivity because the two most common ways of obtaining bone are (1) needle biopsy, which is too limiting in size to show adequate connectivity, and (2) curettage, which not only tends to fragment the cancellous bone but also is often used on space-occupying bone lesions that contain little bone structure (Fig. 1-23). In en bloc resections, although the 4- to 5-micron sections can demonstrate pathologic processes and cellular details, they are too thin to demonstrate the three-dimensional structure of bone. Bone biopsies specifically performed to evaluate alterations of cancellous bone structure in the absence of a space-occupying process are usually made with large trephine needles with cutting surfaces and taken from standardized sites.
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Figure 1-23 Two bone biopsies of different diameter. One is a biopsy of unremarkable bone made with a 1-mm diameter core biopsy needle, decalcified, and stained with H&E (A). The other is a 5-mm diameter core biopsy of slightly osteoporotic bone taken with a saw trephine, sectioned without decalcification, and stained with Masson trichrome (B). The decalcified core is photographed at about half the magnification of the undecalcified section. Despite the fact that the trabeculae are much thicker in panel A, they are continuous in the 1-mm thick biopsy but discontinuous in the 5-mm core.





The vascularity of the medullary cavity arises from nutrient arteries that penetrate the cortex and open into large marrow sinusoids. There are branches of the nutrient arteries that supply blood to approximately the inner two thirds of the cortex. The outer one third of the cortex is supplied by perforating arterioles derived from arteriae comitantes of the periosteum. The Volkmann canals microscopically collateralize the two systems. There is pathologic significance to this difference in vascularity, because osteonecrosis and bone infarcts are almost always medullary events but cortical necrosis requires a disruption of both vascular supplies.

The nature of the pathologic process in bone is often not clear from the histology of a biopsy alone. It is imperative that the histology of a bone biopsy be reviewed in conjunction with the clinical imaging studies of the same site (see Chapters 2 and 4). The goal is not to make the pathologist into a diagnostic radiologist. Rather, correlation between radiology and pathology results in a more intelligent and insightful diagnosis. Knowing that a bone biopsy comes from a lucent spine lesion might be adequate information if the section shows obvious metastatic carcinoma, but clinical practice is not usually so simple. Radiographs demonstrate not just that there is a lesion in bone, but they often show how that lesion affects the surrounding bone and sometimes how the surrounding bone affects the lesion. For example, if a lesion is radiodense, but the biopsy demonstrates unremarkable cancellous bone, one might infer that the actual lesional tissue has not been adequately biopsied. Conversely, if there is an abundance of woven bone in a biopsy, and the images demonstrate a healing fracture without an obvious pathologic process, a reasonable pathologic explanation can be made for histologic findings that were not specific without the imaging.

Because pathologists seldom receive formal training in radiology, it is often a useful learning exercise to review images with the radiologist and the clinical problem with the orthopedic surgeon or whoever actually performed the biopsy procedure. In addition, the more one undertakes bone biopsy interpretation, the more one comes to realize how the pathologist's thinking can be influenced by the radiographic interpretation; it is thus important to establish a good professional working relationship with the radiologist and understand the capabilities and limitations of the radiologist.


Patterns of Bone Alteration in Disease

In general, when a pathologic process affects bone, the bone tries to heal itself by producing new bone. Bone is virtually the only tissue that reconstructs itself without producing fibrous scar tissue; when fibrous scar is produced by bone, it is considered pathologic and is not a normal healing event. If scar tissue is produced between separated bone ends after a fracture instead of new bone, the result is a fibrous nonunion (Fig. 1-24). Bone integrity is necessary to support weight; thus, a fibrous nonunion renders a long bone nonfunctional.
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Figure 1-24 Fibrous nonunion of the distal femur. The fibrous tissue interposed between the bones prevents meaningful weight bearing and stability (A). Histologically, this may consist of fibrous tissue or fibrocartilage (B).





The fiber pattern of bone collagen is primarily the result of its speed of production. When a bone is fractured, for instance, the bone repairs itself with an admixture of fibrous tissue, cartilaginous tissue, and bone. The cells in this tissue are sometimes termed stroma, and the extracellular connective tissue is called matrix. The proportions of each type of matrix are determined by the local blood supply and the degree of fracture immobilization. Extracellular matrix production is characteristic not only of repair but is sometimes associated with reactive changes, infections, and tumors and tumor-like processes.

Although pathologists considering bone diseases are sometimes under the impression that the diagnosis of primary bone tumors is the most important aspect of orthopedic pathology, in numerical terms primary bone tumors are the least common of all the major bone disease categories. In the diagnosis of space-occupying lesions of bone, the radiologic images predict the statistical likelihood of whether a single bone lesion represents a neoplastic or a non-neoplastic condition.

In many non-neoplastic diseases, imaging studies are often sufficient for clinical diagnosis. Even though pathologic examination may confirm the clinical impression, it is often not necessary to obtain diagnostic tissue to treat the patient, and the tissue itself, without correlative imaging, is often not diagnostic. If the lesion is judged to be a tumor by imaging, it is often possible to predict whether it is malignant or benign with a very high degree of accuracy. Certain tumors have imaging that is so characteristic that the diagnosis is virtually assured even without a biopsy, yet the potentially severe consequences of therapy or the occasional failure to make a correct imaging diagnosis mandates a histologic diagnosis. Without pathologic confirmation, there is always the possibility of error secondary to statistical outliers.




Reactive Bone

Reactive bone can be defined as new bone formed in response to a pathologic process and is usually found at the margins. If a significant amount of reactive bone is produced, it is often visible radiographically as increased radiodensity at the margins of a bony alteration. Under the microscope, reactive bone usually reflects different stages of maturation; there are often zones closest to lesional tissue where the bone is most immature in collagen fiber pattern. The parts of the bone farthest from the lesional tissue usually show gradual maturation of their collagen fiber pattern (Fig. 1-25). Thus, reactive bone is easiest to identify when tissue at the margins of a lesion is removed in large pieces. Reactive bone can be very difficult to identify when a very small fragment of bone showing no maturation or incomplete maturity is sectioned without regard to its imaging. It is sometimes necessary to review not only clinical imaging studies but also imaging studies made during the biopsy, if these are available, to ascertain the exact site of tissue excision and be assured that osseous tissue does not come from within a lesion and is thus likely to be reactive. In a small biopsy, this can be very important, because bone produced by space-occupying lesions is not considered reactive. Rapidly produced bone may appear lacelike and very cellular when it is immature, but it becomes microtrabecular and is gradually remodeled into trabecular cancellous bone when mature. This remodeling consists of appositional new bone deposited on the surfaces of forming microtrabeculae by osteoblasts, which are plump and prominent when the process is active. The new bone may be woven in fiber pattern if the bone deposition is rapid, but as the deposition slows it is characteristically lamellar (Fig. 1-26). The process of conversion of microtrabecular bone to predominantly mature bone is sometimes referred to as lamellar transformation, and it is best appreciated by polarization microscopy.7

[image: image]
Figure 1-25 Reactive bone at the periphery of a lesion shows progression from small trabeculae (center) to organized bone with lamellar transformation ends.





[image: image]
Figure 1-26 Woven bone containing intertrabecular fibrous tissue. A, The radiograph demonstrates a radiolucent lesion with ground-glass opacities and confirms a tumor-like process. B, This configuration suggests that the space-occupying lesion produces the bone.








Periosteal Reactions

Periosteal reactions refer to reactive bone that is periosteal rather than endosteal in origin. The periosteum is a tough fibrous layer surrounding bones. It is attached to the bones by collagen fibers that insert in the bone surface—Sharpey fibers (Fig. 1-27). This attachment is relatively loose in childhood and becomes tighter with increasing age. The outer portion of the periosteum is fibrous, and its inner portion is cellular and rich in stem cells, which may differentiate into osteoprogenitor cells that form new bone when stimulated appropriately. There is a great variety of bone diseases of diverse etiology that cause this reactive new bone to form. These may have a common rate-determining step related to the production of vascular endothelial growth factor and/or eicosanoids, both of which have been shown to have paracrine effects on osteoblast differentiation and stimulation. Regardless of the cause of periosteal reactions, they are all remarkably similar histologically.

[image: image]
Figure 1-27 Periosteal attachment to outer cortex; panel B is the same field in polarized light and reveals the Sharpey fibers that insert into the cortex.





Much like endosteal reactive bone, periosteal reactions are zonal, and the bone they produce is (1) more compact and more mature in fiber pattern close to the cortex and (2) more delicate and less mature close to the periosteum. Less aggressive processes in the underlying bone stimulate periosteal bone production but physically disturb the periosteum less. In such processes, the entire periosteal reaction closely resembles the underlying cortex and appears radiologically denser and continuous with the underlying bone. More aggressive processes tend to cause new bone to be produced in the face of continuous periosteal disruption. These periosteal reactions appear multilayered and interrupted radiographically. In those that are slower growing, the disrupted layers are parallel to the cortex; those that are faster grow in a discontinuous hair-on-end pattern or in a sunburst pattern.

Histologically, the outer portions of periosteal reactions are fairly characteristic. When sectioned in the long axis, the bone tends to resemble a picket fence, with long parallel streamers thicker at the base and more delicate toward the periosteum, with delicate cross connections between the streamers (Fig. 1-28). If this bone is sectioned perpendicularly or obliquely, it resembles the folding security gates sometimes seen on storefront windows and doors (Fig. 1-29). Fractures may elevate the periosteum due to tearing of the soft tissue or dissection away from the bone due to hematoma, but periosteal new bone associated with fracture often contains a mixture of fibrous tissue and cartilage and shows hemorrhage, whereas periosteal reactions that are not of traumatic origin usually contain only bone. As periosteal reactions mature, they undergo the same lamellar transformation by surface osteoblasts seen in endosteal reactive bone.

[image: image]
Figure 1-28 Periosteal new bone is deposited in long parallel streamers with small cross connections (A), resembling a picket fence. The same section in polarized light (B) reveals that most of this reactive bone is woven except where it becomes lamellar close to the cortex. Note that the bone matures as it approaches the cortex.





[image: image]
Figure 1-29 If the section of the periosteal bone is turned so that the plane of section is more tangential, the cross connections become more prominent in the tissue and the vertical streamers become less apparent. The pattern resembles security gates or a honeycomb.





Reactive new bone is most obvious histologically when it is produced as a replacement for older bone. Histologically, this is best illustrated by looking at either endochondral ossification at a growth plate or at the border of avascular necrosis or bone infarctions. In both instances, new bone is formed on the surface of a structure that serves as a template, or scaffold, for its shape and distribution. In the case of the growth plate, the primary spongiosa, or mixed spicules of immature bone and calcified cartilage, form the outline for the deposition of new bone, which is created at the same time as osteoclasts remove the mixed spicules. At the border of dead and live bone, the dead bone can be removed only by osteoclasts, which arrive when there is neovascularization. At the same time, arriving osteoblasts may deposit bone along the surfaces of the dead trabeculae. This new bone may have a woven or lamellar fiber pattern, depending on its rate of synthesis. It is identifiable histologically as reparative bone because it consists of viable bone, often with prominent surface osteoblasts, deposited on dead trabeculae that are devoid of osteocytes. This process takes place along many surfaces of dead bone and is referred to in the orthopedic literature as “creeping substitution” (Fig. 1-30). The trabeculae that are created by this process are often rich in cement lines because the bone formation takes place in waves of activity followed by long periods of inactivity, particularly if the osteonecrosis is caused by the ischemia of edema in an enclosed bone during periods of inflammation. In fact, repeated episodes of this type of ischemia, which does not destroy blood vessels and permits easy revascularization when internal osseous pressure is relieved, creates bone trabeculae with multiple cement lines separating several layers of necrotic bone of which only the surface lamellae contain osteocytes (Fig. 1-31).

[image: image]
Figure 1-30 “Creeping substitution” adjacent to avascular necrosis showing osteoblasts producing new bone on the inferior surface of this trabecula, which has a few arrest cement lines visible and is partially necrotic.





[image: image]
Figure 1-31 Later stage of remodeling in the process of “creeping substitution.” The bone trabeculae are thick and interconnected, the core of the bone is necrotic, and there have been multiple sequences of new bone formation evidenced by the numerous arrest cement lines. Note that most of the trabecular surfaces are covered by active osteoblasts.








Patterns of Osseous Abnormalities

The capacity of bone to respond to a disease process is inherently limited. When disease affects a bone, old bone may be destroyed, new bone may be produced, or nothing at all may happen to bone structure. Each of these events is associated with radiologic changes consisting of increased radiolucency, increased radiodensity, or no changes at all. The final clinical image depends on the relative proportions of each process at any given site in the bone, and the changes seen radiographically are not absolute but represent degrees of change.8 When bone is removed, the disease process, reactive tissue, both, or neither may take up the resulting space. Although the images should convey a sense of what the abnormality might be, the biopsy findings must always be placed in the framework of the radiologic differential diagnosis. In practical terms, the histology of the biopsy must fit the clinicoradiologic impression.

The type of disease and the manner in which it affects the bone produce different histologic patterns. A simple cyst, for example, is radiolucent and space occupying but is filled with fluid and contains practically no tissue. Radiographically, it is usually symmetrical, extends from the metaphyseal side of a proximal growth plate distally (or proximally if the growth plate is distal), and is usually not expansile. It is produced by an internal modeling deformity; the cyst maintains its integrity because its continuous lining produces fluid that fills the cyst. As the bone lengthens, the pressure of the fluid in the intact cyst prevents collapse of its lining and hence impedes bony ingrowth. So long as the bone continues to grow in equilibrium with the rate of fluid production by the intact cyst lining, the cyst will continue to enlarge. Despite its radiolucency, however, a simple cyst is not a “lytic” lesion because the hole in the bone does not come from osteoclast activity; rather, the cancellous bone that should be present is never actually formed in the first place. An unfractured, intact cyst is customarily treated with intralesional steroid injection; thus, it is very unusual to examine the contents and lining of an intact simple cyst. Because intact simple cysts are usually not detected unless the bone they weaken undergoes a fracture, the tissue derived in these cases is almost always altered by the traumatic process. Aggregates of fibrin, hemorrhage, bone fragments, and even callus may be seen, depending on the state of the surrounding bone; however, these are all consequences of fracture and not histology specific to the cyst. The only histologic finding one sees in the rare unaltered cyst is a flattened cellular lining that is morphologically similar to secretory (type B) synovial cells but physiologically different (Fig. 1-32).

[image: image]
Figure 1-32 Curettings from a simple bone cyst showing strip of fibrous tissue and bone fragments. The pathologic diagnosis is one of exclusion and has no histologic specificity, requiring both clinical correlation and imaging.





Lesions resulting in secondary radiolucency (i.e., bone was in the site prior to the appearance of the lesion) are true “lytic” lesions. Because the only cells with the capability to absorb bone matrix are osteoclasts, space-occupying radiolucent lesions often contain osteoclasts at their periphery. Consequently, a multiplicity of both benign and malignant bone lesions contain multinucleated giant cells; this is not a specific diagnostic feature (Fig. 1-33).9 In fact, in giant cell tumors of bone, which are named for their giant cells, it is the mononuclear cells that are diagnostic for the tumor in the proper clinical setting (Fig. 1-34).

[image: image]
Figure 1-33 A matrix-poor area of chondroblastoma at high magnification bears a striking resemblance to classic giant cell tumor. The matrix-containing areas, occasionally with calcifications, have stromal cells usually showing more delimited cellular borders and ovoid, folded nuclei, which are generally sufficient for distinguishing this from giant cell tumor.
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Figure 1-34 Classical giant cell tumor, low-power (A) and high-power (B) magnification, showing uniform distribution of giant cells and poor cellular definition, resembling a syncytium at low power. Mononuclear stromal cells are clearly apparent at higher power, but the nuclei of both mononuclear and giant cells are identical.





Lesions that cause diffuse decreases in bone density such as hyperparathyroidism or early Paget disease show increased numbers of osteoclasts in any bone biopsied in the former and any diseased bone in the latter. Occasionally, in both hyperparathyroidism and in Paget disease, there are focal radiolucent skeletal lesions containing large collections of multinucleated giant cells. Although either may be histologically mistaken for true giant cell tumor of bone, it is probable that neither is neoplastic (Fig. 1-35).

[image: image]
Figure 1-35 So-called Brown tumor of hyperparathyroidism (A, B) and giant cell reaction in Paget disease (C, D). Both lesions can bear a striking resemblance to giant cell tumor, although neither is truly neoplastic. In hyperparathyroidism, the giant cells are not evenly distributed and there are usually fewer of them, and the stromal cells are fibroblastic or reactive appearing, resulting in less of a syncytial appearance at low power. In Paget disease, the giant cells are abundant, large, and bizarre, and the stromal component is less prominent. Note the irregular patches of lamellar and woven bone characteristic of Paget disease adjacent to the process in D.





Furthermore, giant cells in bone are not always osteoclasts. Giant cells may result from foreign body reactions from penetrating injuries or from reactions to particulate matter around artificial devices as well as in granulomatous diseases affecting bones (Fig. 1-36). It is also worthwhile to remember that megakaryocytes are giant cells, although they are found in the background of normal bone marrow and they are not truly multinucleated. In addition, so-called “polykaryons” are formed from fused neoplastic plasma cells and may, themselves, have bone-resorbing capabilities.10

[image: image]
Figure 1-36 Synovial giant cell reaction in so-called particle disease associated with loosening of a total joint prosthesis. The giant cells in the histiocytic background appear to have clefts between them at low power (A). Under polarized light (B), it is clear that the clefts are anisotropic foreign material (high-molecular-weight polyethylene) and that the giant cells are in fact of the foreign body type.





Lesions that cause radiodensity may do so because they stimulate bone formation, but they may also be radiodense because of the matrix, an extracellular substance secreted by connective tissue cells (stroma). Matrix is fibrous connective tissue, cartilage, osteoid, or bone (Fig. 1-37). In some conditions, the matrix produced may contain combinations of two or more of these substances. Bone matrix increases the radiodensity of bone, although osteoid (which is not yet mineralized) appears radiolucent. Cartilage matrix, which has the density of water, is radiolucent but may appear radiodense if heavily mineralized, whereas fibrous tissue is radiolucent. Consequently, the presence of extracellular matrix may be visible on routine radiographs, but even if it is radiolucent, its presence may be correlated with the histologic findings.

[image: image]
Figure 1-37 The types of extracellular matrix produced by bone and by primary bone tumors. Dense fibrous tissue resembling tendon or ligament in a desmoplastic fibroma (A), cellular hyaline cartilage in a chondrosarcoma (B), early osteoid in a high-grade osteosarcoma (C), and osteoid and bone in an osteosarcoma (D).





The patterns of histologic alterations in usual bone structure provide important clues to the diagnosis. Even though there are many more histologic variations than can be discussed in the scope of this introductory chapter, it is worthwhile summarizing the most common departures from the normal in which osseous microanatomy is preserved and how the pattern of departure influences the diagnostic approach.

The most common pattern alteration seen in small biopsies is marrow replacement by fibrous tissue with the retention of cancellous bone structure. This basic departure from normal structure is seen in a multiplicity of diseases with diverse etiologies but has intertrabecular fibrosis as its common unifying feature. When this pattern is seen in a biopsy, the most important thing to sort out is the clinical setting that led to the biopsy and whether the biopsy was done to sample a lesion with localizing features radiographically or if the bone and marrow are being sampled in an attempt to diagnose a generalized process. If there is a localized imaging abnormality, the diagnostic possibilities are narrowed to include space-occupying lesions sufficient to produce changes visible in imaging. These may include tumors and tumor-like processes, but they could also include localized infection and even metabolic diseases that have foci of greater severity sufficient to cause bone defects. If there are no localized imaging abnormalities, the diagnostic possibilities are much wider—but also may include tumors. The histologic features should be considered but only in the context of the history and after the clinical imaging has been reviewed (there is a great temptation to examine the histology before the clinical review). In addition, there is often some degree of pressure from the treating physician to give an answer based on incomplete clinical data.

There are three major elements to consider in a bone biopsy from a marrow-bearing site. The first element is the overall architecture, that is, the relationship of bone to marrow. This is best evaluated if there is little crush and good sampling in a bone biopsy, although the quality of the biopsy varies with biopsy site, operator skill, and quality of the biopsy equipment, as well as proper fixation, decalcification, and specimen processing. The second element is the marrow itself. Depending on the site of biopsy and the age of the patient, the proportion of hematopoietic marrow to adipocytes varies. In axial sites such as the iliac crest or vertebral bodies, hematopoietic marrow is expected in some abundance at any age. In appendicular sites, hematopoietic marrow is expected only in childhood and adolescence. On average, the volume of adipocytes and hematopoietic cells should be about equal in a hematopoietic site; younger individuals usually have a higher proportion of marrow, and older individuals have a somewhat higher proportion of adipocytes (Fig. 1-38). The third element is the bone itself. If the biopsy is from a small needle, the bone trabeculae are discontinuous even if normal because of the small diameter of the needle and the thinness of the section (see Fig. 1-23). The individual trabeculae should be fairly uniform in diameter, and even if one cannot measure them, qualitatively they should average two to three adipocyte diameters in thickness. Although a small degree of osteoclasis is normal, no more than 3% to 4% of the bone surfaces should be covered by resorption pits (Howship lacunae), and there should be fewer than 1 osteoclast per 25 mm of trabecular surface (without histomorphometric equipment, this is a difficult parameter to measure). Finally, the trabeculae must be examined qualitatively for their collagen fiber pattern (Fig. 1-39). If all the trabeculae in a biopsy showing intertrabecular fibrosis are woven, it is logical to assume that the same process that caused the fibrous tissue has produced them (Fig. 1-40). Should all of the trabeculae be lamellar, it is logical to assume that the fibrous tissue is the pathologic process and that the mature bone was there prior to that process (Fig. 1-41). Using these parameters, differential diagnostic algorithms can be constructed that simplify the process even if the pathologist is not used to looking at bone biopsies (Fig. 1-42).
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Figure 1-38 Tissue from three bone biopsies showing different marrow patterns but with relatively normal bone. A, There is normocellular marrow and unremarkable cancellous bone. B, There is hypercellular marrow with decreased fat and increased hematopoietic precursors (polycythemia vera of usual type). C, The marrow has been replaced by metastatic breast carcinoma.
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Figure 1-39 Single bone trabecula and unremarkable marrow, iliac crest. The spicule is discontinuous, has a smooth outer border (A), and is lamellar in polarized light (B).
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Figure 1-40 Fibrous dysplasia (A). The bone is entirely woven as confirmed by polarization (B) and the intertrabecular spaces are entirely replaced by fibrous tissue.
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Figure 1-41 Two bone biopsies as examples of replacement of the marrow by fibrous tissue in which the bone spicules are lamellar. In Paget disease (A), the trabeculae are highly interconnected and thick, although they have irregular surfaces and some parts are actually thin. This reflects rapid turnover of the bone. In myeloproliferative disorder (B), the trabeculae are normal to slightly thin in this biopsy, but their edges are smooth. This reflects slow turnover. Note that the vascularity is increased in the fibrosis of Paget disease but diminished in the myeloproliferative disorder.





[image: image]
Figure 1-42 Fibrosis of intertrabecular spaces. AVN, avascular necrosis.
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Solitary bone lesions and soft tissue masses are commonly encountered in general orthopedic practice. Emphasis in this chapter will be on the radiographic appearance of solitary bone lesions. However, advanced imaging patterns will also be discussed, especially in the setting in which radiographic imaging contributes little to the evaluation of such lesions. With lytic and blastic bone lesions, radiographs often provide a discrete differential diagnosis. In those instances, advanced medical imaging is used primarily for staging and treatment planning. We will be focusing our discussion chiefly on the initial evaluation of these lesions and will avoid discussing follow-up imaging after treatment.


Bone Tumors

This section discusses the characteristic imaging findings of lytic and sclerotic bone lesions. We will also discuss the general approach to evaluating bone lesions. In the imaging section we will describe those tumors that can be confidently diagnosed by radiography, computed tomography (CT), and/or magnetic resonance imaging (MRI).


Lytic Bone Lesions

One of the primary functions of radiography is to detect lytic lesions in patients with nonspecific symptoms. It is important to be aware of normal variants that can mimic lytic bone lesions in order to avoid unnecessary biopsies. One of the most common variants that simulates a lytic lesion is the pseudocyst. A pseudocyst is an area of focal trabecular rarefaction within the bone at a location of low stress.1 When the area of rarefaction is visually compared to the surrounding bone that contains more prominent trabeculae, an apparent lytic lesion (or so-called pseudocyst) stands out. Fortunately, these areas of low stress that cause trabecular rarefaction are well described in the literature, and radiologists are familiar with these normal variants. Pseudocysts most commonly occur in the greater tuberosity of the humerus, the anterior aspect of the calcaneus, and the radial tuberosity (Fig. 2-1). If there is any confusion as to whether there is a superimposed lytic mass over an area of a pseudocyst, an MRI can be performed. When only a pseudocyst is present, the MRI will show normal bone marrow signal in the area of concern.

[image: image]
Figure 2-1 A pseudocyst is demonstrated in the greater tuberosity (arrows). This should not be confused with a true lytic lesion.





After a true lytic lesion is identified, several imaging patterns or characteristics should be evaluated. These patterns are evaluated to determine if the lesion represents an aggressive or nonaggressive process and to narrow the differential diagnosis of the lesion. These patterns include the following: a periosteal reaction (evaluates aggressiveness), a zone of transition (evaluates aggressiveness), the presence of matrix mineralization (aids in differential diagnosis), and the location within the bone (aids in differential diagnosis). Finally, and probably most importantly, the patient's age should be considered along with these findings.2,3 The patient's age can be one of the most effective clinical tools in narrowing a large differential to only a few possibilities when considering nonspecific lytic lesions.


Periosteal Reaction

If a solid, uninterrupted periosteal reaction is present, then there is no destruction or transgression of the periosteum and the lesion can be regarded as nonaggressive (Fig. 2-2). However, if a lesion does invade through the periosteum, this interrupted periosteal reaction suggests that the lesion is aggressive. Examples of an interrupted periosteal reaction would include a lamellated (known as onion-skinning) or perpendicular (sunburst) appearance, as well as Codman (tri)angle (Fig. 2-3). An aggressive lytic lesion with an interrupted periosteal reaction represents typically an aggressive neoplasm or an aggressive pyogenic infection.

[image: image]
Figure 2-2 Example of solid, uninterrupted periosteal reaction (white arrow). This is a nonaggressive reaction from a stress fracture in the distal aspect of the right tibia.
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Figure 2-3 Osteosarcoma of the left femur. Anteroposterior (A) and lateral (B) views of the left femur showing an interrupted periosteal reaction. A Codman triangle can be seen (black arrows). On the lateral view (B), a sunburst or spiculated pattern of interrupted periostitis can be seen (white arrow).





In the absence of a periosteal reaction, other imaging patterns must be used to determine if a lytic lesion is aggressive. If no periostitis is seen, then the lesion is either nonaggressive or it may be so aggressive that the bone has had little time to form a periosteal reaction (Fig. 2-4). The most common nonaggressive lytic lesions that do not incite periostitis are fibrous dysplasia, enchondroma, nonossifying fibroma, and simple bone cyst.4,5 If any of these four lesions show periostitis, then the cause is usually a subtle pathologic fracture.

[image: image]
Figure 2-4 Metastatic renal cell carcinoma involving the right shoulder. Anteroposterior view of the right shoulder shows an aggressive lesion that has nearly completely destroyed the proximal humerus (arrow). This tumor is growing so quickly that there has been no significant periosteal reaction to the tumor.








Zone of Transition

In medical imaging, the term zone of transition refers to the spatial relationship between diseased bone and normal bone at the border of a lytic lesion on radiographs or CT—but not MRI. A narrow zone of transition implies that there is normal-appearing bone immediately adjacent to the lytic lesion and that the precise border of the lesion can be readily seen on the radiograph. Such an appearance is said to be geographic (Fig. 2-5). The differential diagnosis for common geographic lytic lesions is fairly small and includes chondromyxoid fibroma, nonossifying fibroma, and enchondroma. A narrow zone of transition indicates that the lesion is nonaggressive. A wide zone of transition implies that the border of the lesion is not as well defined and that there is a fair amount of bone destruction by the lesion along with tumor infiltration of the adjacent marrow. This type of bone destruction is described as moth-eaten (Fig. 2-6) or permeative (Fig. 2-7). Moth-eaten and permeative lesions are aggressive, with moth-eaten lesions tending to be less aggressive than permeative lesions. Differentiating the moth-eaten from the permeative pattern is not always easy, and the importance of differentiating these two patterns may be only “academic.”6,7
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Figure 2-5 Simple bone cyst of the left humerus. Anteroposterior (A) and lateral (B) views of the humerus demonstrate a well-defined lytic lesion with easily recognizable borders (arrows). Therefore, this would be categorized as a geographic lytic lesion.
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Figure 2-6 Chondrosarcoma of the left tibia. Anteroposterior (A) and lateral (B) views of the left tibia demonstrate a lytic lesion without an easily recognizable proximal border. The distal portion of the lytic lesion consists of multiple superimposed holes characteristic of a moth-eaten appearance (arrows). This is an example of an aggressive lesion with a wide zone of transition.
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Figure 2-7 Metastatic prostate cancer to the left tibia. There is a permeative appearance (multiple small lytic areas) involving the proximal aspect of the left tibia on this lateral radiograph (arrows). This is a sign of an aggressive neoplastic process.





There are other nuances to classifying the zone of transition using the method described by Lodwick. Using this method, the zone of transition is graded based on the aggressiveness of the lesion, with grade I lesions being primarily geographic, grade II lesions being moth-eaten, and grade III lesions being permeative. Grade I lesions are further subclassified into grades IA, IB, and IC. The subclassification of grade I lesions is beyond the scope of this chapter with the exception of grade IA lesions, which have less than a 2% likelihood of being malignant. Grade IA lesions are geographic, have a thick sclerotic rim, have no cortical penetration, and have no significant expansion (<1 cm of expansion in any plane) (Fig. 2-8). If a grade IA lesion is asymptomatic and not characteristic for a definite tumor, it can be followed with serial radiographs.

[image: image]
Figure 2-8 Nonossifying fibroma of the right femur. One can see the thick, sclerotic rim of this geographic lesion (arrows). No significant expansion is present; therefore, this would be considered a grade IA lytic lesion.





Finally, the zone of transition in long bones and most flat bones can be readily evaluated on conventional radiographs. However, the zone of transition can sometimes be grossly misinterpreted on radiographs of anatomically complex osseous structures such as the scapula, ilium, ischium, or pubic bone. In such cases, the zone of transition is best evaluated by CT.8




Summary of Aggressiveness

A lytic lesion can be considered clinically nonaggressive if it is painless, has a grade IA zone of transition, and has an absence of an interrupted periosteal reaction.2,3 All other lesions may be aggressive or exhibit aggressive clinical behavior. One should remember that a lesion that does not appear radiologically aggressive may still represent a malignant neoplasm and that an aggressive-appearing lesion may still be benign (e.g., osteomyelitis).




Visible Matrix Mineralization

When mineralization within a lytic lesion is detected on radiographs, it indicates the presence of one of two types of tumor matrix. If the mineralization is arclike, ringlike, punctate, or popcorn-like, the lesion contains chondroid matrix (Fig. 2-9).9 If the mineralization is wispy, cloudlike, or opaque, the lesion contains osteoid matrix (Fig. 2-10).10 If the mineralization is too faint to characterize on radiographs, it can be better evaluated by CT.

[image: image]
Figure 2-9 Enchondroma of the right femur. This anteroposterior view of the right femur shows punctate and popcorn-like (arrows) calcifications within the tumor indicating the presence of a chondroid matrix.
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Figure 2-10 Osteosarcoma of the right tibia. Wispy, cloudlike calcification can be seen in the soft tissue component of this tumor (arrows) on this anteroposterior radiograph. This is a classic appearance of osteoid matrix on a radiograph.





Examples of tumors that may contain mineralization indicating a chondroid matrix include enchondroma, chondrosarcoma, and chondroblastoma. Some examples of tumors that may contain mineralization indicating an osteoid matrix include osteosarcoma and osteoblastoma.

Finally, a single dystrophic calcification located in the center of a lytic bone lesion is nearly pathognomonic for an intraosseous lipoma. Intraosseous lipomas are most commonly located in the anterior aspect of the calcaneus and in the long bones of the lower extremity (Fig. 2-11).

[image: image]
Figure 2-11 Intraosseous lipoma of the right femur. The grade IA lytic lesion within the right femur contains a central dystrophic calcification (arrows) indicative of an intraosseous lipoma. This can be seen on both the anteroposterior (A) and lateral (B) radiographic views of the femur.








Location

The location of a bone lesion is important in narrowing the differential diagnosis. The most common nonaggressive-appearing lytic lesions occurring at the end of a long bone are subchondral cysts (if there is evidence of osteoarthritis), chondroblastoma (in patients younger than 30 years), giant cell tumor (if the physis is closed), metastasis (in patients older than 40 years or who have a known primary malignancy), multiple myeloma (in patients older than 40 years), and infection (if the physis is open).

The presence of multiple lytic lesions in different bones should raise the possibility of metastasis, multiple myeloma, infection, brown tumors (hyperparathyroidism), enchondromatosis (Ollier disease), or polyostotic fibrous dysplasia. The differential diagnosis can be further narrowed based on the age of the patient. For example, metastasis and multiple myeloma are the most common polyostotic lytic processes in patients older than 40 years; however, they are rare in adolescents and young adults.

The vast majority of geographic lytic lesions in the ribs are either fibrous dysplasia, metastasis, multiple myeloma, aneurysmal bone cyst, or Langerhans cell histiocytosis (eosinophilic granuloma). Again, this differential diagnosis can be further narrowed based on the age of the patient.

Lesions that are nearly always eccentric are nonossifying fibroma and giant cell tumor. This holds true to the extent that if a lesion is located centrally within a long bone, then nonossifying fibroma and giant cell tumor should not be highly considered. Conversely, a simple bone cyst is nearly always centrally located within a long bone (typically the proximal humerus and proximal femur); therefore, if a lytic lesion is eccentrically located within a long bone, a simple bone cyst should not be seriously considered.

Some tumors that present as lytic lesions have a predilection for specific bones. For example, approximately 85% of adamantinomas occur in the anterior cortex of the tibial diaphysis,11 whereas approximately 85% of chordomas occur in the sacrum or skull base.12




Magnetic Resonance Imaging

MRI is primarily used for staging and treatment planning of malignant bone lesions. Depending on the pulse sequence used in a particular instrument, images are reported typically as being either bright or dark compared with isodense tissue in the same field. Typically, if a lesion is bright on a T1-weighted image, it represents protein-rich fluid such as blood or fat and occasionally may be highlighting calcifications. Alternatively, if the lesion is dark on a T1-weighted image but bright on a T2-weighted image, it signifies increased water content such as is present with edema, hemorrhage, or inflammation. If a lesion is dark on a T2-weighted image, it represents fibrous tissue, hemosiderin, or melanin. Occasionally MRI can contribute to the differential diagnosis. An example of this would be fluid–fluid levels within a lesion, which should raise the possibility of an aneurysmal bone cyst or, if there are aggressive features, a telangiectatic osteosarcoma (Fig. 2-12). Additional information such as the presence or absence of intraosseous (tissue) edema may be very helpful as would be the presence or absence of a soft tissue mass. For example, a mass would be much more likely to be present in a malignant bone tumor.

[image: image]
Figure 2-12 Magnetic resonance imaging scan of an aneurysmal bone cyst. On the fat-saturated T2-weighted image one can see an expansile mass in the left scapula. Multiple fluid–fluid levels are present (arrows) as are characteristically seen in aneurysmal bone cysts.








Summary of Lytic Lesions

In summary, if one can confidently diagnose a lytic bone tumor using the imaging patterns described previously, then workup and treatment should be based on that diagnosis. If an asymptomatic grade IA lytic lesion has a nonspecific imaging appearance, then it can be followed with serial imaging. All other nonspecific lytic lesions should be biopsied to exclude the possibility of malignancy. A biopsy should be carefully planned and performed so that uninvolved compartments are not needlessly seeded, leading to treatment difficulties such as the necessity for an extended resection.







Sclerotic Bone Lesions


Medullary Cavity

When a solitary sclerotic bone lesion is identified within the medullary cavity on a radiograph, then the most likely diagnosis is a bone island; by far, this is the most common solitary sclerotic bone lesion. There are two radiographic hallmarks of a bone island: (1) a bone island within a long bone is typically oblong with its long axis oriented along the shaft of the bone and (2) the margins of a bone island are spiculated, with the small spicules extending into and blending with the adjacent normal trabecular bone (Fig. 2-13). Occasionally, CT may be necessary to evaluate these findings at the margin. On MRI, a bone island will have low signal intensity on both T1- and T2- weighted sequences (Fig. 2-14).13

[image: image]
Figure 2-13 Bone island within the right ulna. Spiculations that blend with the adjacent trabecular bone can be seen (arrows) on this lateral radiograph of the right elbow. The spiculations and oblong appearance of this lesion are characteristic of a bone island.





[image: image]
Figure 2-14 Left knee magnetic resonance imaging scan demonstrating a bone island in the medial femoral condyle of the femur. The characteristic intensely low signal on both T1-weighted (A) and fat-saturated T2-weighted (B) images is diagnostic of a bone island (white arrows).





If a sclerotic bone lesion cannot be confirmed to be a bone island by imaging, then further evaluation by biopsy is indicated to confirm or exclude the presence of a malignancy. The majority of malignant sclerotic bone lesions represent metastatic disease from prostate cancer or breast cancer.14

If there are multifocal sclerotic bone lesions, then metastatic disease must be radiographically differentiated from other benign processes such as osteopoikilosis and melorheostosis. Osteopoikilosis is characterized by multiple, small sclerotic lesions that mimic bone islands but typically cluster around joints (Fig. 2-15). Melorheostosis is characterized by dense hyperostosis “flowing” along the cortex of the bone in a manner resembling dripping candle wax. Endosteal sclerosis at the same level can also be present. The sclerotic lesions in melorheostosis have a sclerotomal distribution (Fig. 2-16). Both of these sclerosing bone diseases should be readily identifiable radiographically.

[image: image]
Figure 2-15 Osteopoikilosis of the left toes. Small bone islands clustered around the joints on this anteroposterior radiograph of the left toes is the classic appearance of osteopoikilosis. This should not be confused with blastic metastatic disease.





[image: image]
Figure 2-16 Right tibia/fibula anteroposterior radiograph of melorheostosis. The dripping candle wax appearance of melorheostosis can be seen on the right fibula (arrows). This disease should be distributed along sclerotome divisions.





CT plays an important role in evaluating sclerotic bone lesions within the medullary cavity, especially in anatomically complex bones where thorough radiographic evaluation can be limited. MRI plays little role in the diagnostic evaluation of sclerotic lesions; however, MRI can be useful in staging and treatment planning.


Cortical Lesions

Focal cortical sclerosis or thickening has a limited differential diagnosis. Most lesions represent osteoid osteoma, osteomyelitis, or stress fracture. When nonspecific focal sclerotic thickening of the cortex is observed radiographically, CT can be helpful in differentiating among these entities. CT will demonstrate a spherical nidus within the focal cortical thickening in osteoid osteoma, an area of longitudinal lucency in the cortex often represents osteomyelitis, and a fracture line would be typical of a stress fracture (see Fig. 2-2; Fig. 2-17).

[image: image]
Figure 2-17 Osteoid osteoma versus cortical osteomyelitis. A lateral radiograph of the left tibia/fibula (A) shows an area of focal cortical thickening on the left tibial posterior cortex (arrows). A transverse computed tomography image (B) through the area of cortical thickening demonstrates a round nidus (arrow) diagnostic of an osteoid osteoma. An anteroposterior radiograph of the right femur (C) in a different patient has a longitudinally oriented lucency within the cortex representing cortical osteomyelitis (white arrows). A sequestrum can also be seen within the lytic cavity (black arrow).











Pathognomonic Imaging Signs

Several imaging signs are diagnostic of specific bone lesions. It is important to be familiar with these signs because their presence makes it easy to arrive at a quick and accurate diagnosis.



Enlarged Frame Sign

An enlarged vertebral body with thickened cortex and coarsened trabeculae is diagnostic of the sclerotic phase of Paget disease (Fig. 2-18). Bone involved with Paget disease is also enlarged relative to its neighboring bone. In long bones, the pathologic changes typically extend to the end of the affected bone, involving the epiphysis.

[image: image]
Figure 2-18 Anteroposterior view of the pelvis in a patient with Paget disease. The right hemipelvis shows both areas of cortical thickening (arrows) and coarsened trabeculae (asterisks). In addition, the right hemipelvis can be seen to be larger than the left hemipelvis. All of these finding are classic for Paget disease.








Fallen Fragment Sign

In a skeletally immature patient with a centrally located lytic lesion, the fallen fragment sign is pathognomonic of a simple (unicameral) bone cyst (Fig. 2-19). It represents fractured cortical bone that has been displaced into the dependent portion of the cyst. The fallen fragment appearance is best demonstrated with the patient in an upright position, which allows the fracture fragment to settle into the bottom of the cyst.

[image: image]
Figure 2-19 Anteroposterior view of the left hip showing the fallen fragment sign in a simple bone cyst. There is a linear density seen in the dependent portion of this geographic, lytic lesion (arrows).








Corduroy Sign

The corduroy sign, which is characterized by linear thickenings due to coarsened bony trabeculae, indicates the presence of a hemangioma. It is best appreciated in a vertebral body (Fig. 2-20). This sign can be seen on both radiographic and CT images.

[image: image]
Figure 2-20 Lateral view of the thoracolumbar spine shows the corduroy appearance of a vertebral body hemangioma at T12. The linear striations are thick and vertically oriented (arrows) within the lesion.








Rind Sign

A thick, sclerotic margin around a lytic lesion occurring in the proximal femur of young individuals is diagnostic of fibrous dysplasia (Fig. 2-21). In elderly patients, this same pattern would be indicative of liposclerosing myxofibrous tumor (Fig. 2-22).

[image: image]
Figure 2-21 Rind sign on an anteroposterior view of the left hip. One can see the thick rind sign (arrows) about the geographic focus of fibrous dysplasia in the right femur. There is also a ground glass appearance (asterisk) within the central portion of this lytic lesion.





[image: image]
Figure 2-22 Thickened sclerotic border (arrows) about a lytic lesion on this lateral view of the right hip. This appearance in an elderly patient is consistent with a liposclerosing myxofibrous tumor.








Cockade Sign

Dystrophic calcification (cockade sign) within a nonaggressive lytic lesion in the lower extremity is nearly pathognomonic for an intraosseous lipoma (see Fig. 2-11). This finding is most common in lipomas within the calcaneus.




Fluid–Fluid Levels

Fluid–fluid levels are best visualized on MRI but can sometimes be seen on CT studies. When MRI demonstrates a fluid–fluid level throughout the majority of a geographic lytic lesion, then the lesion most likely represents an aneurysmal bone cyst. However, if the lesion appears aggressive on the radiographs or if the fluid–fluid levels make up only a small portion of the lesion, then other tumors, such as telangiectatic osteosarcoma, should be considered (see Fig. 2-12; Fig. 2-23).

[image: image]
Figure 2-23 Magnetic resonance image of a giant cell tumor of the left hip. A transverse fat-saturated T2-weighted image of the pelvis shows multiple fluid–fluid levels (arrows) within a giant cell tumor involving the greater trochanter of the left hip.









Gas within a Lesion

A geographic lytic lesion close to a joint containing air most likely represents either a ganglion or a subchondral (degenerative) cyst. A subchondral cyst is more likely if there is associated osteoarthritis in the adjacent joint (Fig. 2-24).

[image: image]
Figure 2-24 Subchondral cyst in the right acetabulum. An anteroposterior (A) radiograph of the right hip shows a lytic lesion just superior to the hip (black arrow) joint as well as joint space narrowing (white arrow) of the right hip joint representing degenerative joint disease. A coronal computed tomography (CT) image (B) shows the joint space narrowing (arrow). A separate coronal CT image (C) demonstrates the lytic lesion (black arrow) containing a focus of gas (white arrow). These findings are characteristic of a subchondral cyst/geode.








Spiculated Margin

A focal sclerotic lesion with a spiculated margin that blends into the surrounding normal trabecular bone is most likely a bone island. Additional clues are an oblong shape and orientation along the long axis of the bone (see Fig. 2-13).




Periarticular “Bone Islands”

When multiple sclerotic bone lesions are clustered near joints and have an appearance of multiple bone islands, then the findings represent osteopoikilosis (see Fig. 2-15). This entity should not be confused with blastic metastatic disease.




Cortical and Medullary Continuity of an Osseous Protuberance

An osseous protuberance that demonstrates cortical and medullary continuity represents an osteochondroma (Fig. 2-25). Osteochondromas can be sessile or pedunculated. When pedunculated and close to a joint, they will point or grow away from the joint.

[image: image]
Figure 2-25 An osteochondroma (black arrow) can be seen arising from the distal aspect of the left femur on this anteroposterior radiograph. This pedunculated mass has cortical (white arrow) and medullary (asterisk) continuity with the underlying native bone. Cortical and medullary continuity is a hallmark of an osteochondroma.














Soft Tissue and Joint Masses

The primary imaging modality for evaluating palpable soft tissue masses is MRI. The major exception to this would be if the palpable mass is believed to be most likely a ganglion or synovial cyst. In this setting, ultrasound would be the imaging modality of choice.15 The appearance of a mass is considered pathognomonic for a benign cyst if it is anechoic, has a “through transmission,” and has nearly imperceptible thin walls. Ganglion cysts can contain multiple, thin septations.16


Magnetic Resonance Evaluation

The evaluation of a soft tissue mass starts with assessing whether its appearance is diagnostic of a particular tumor. Unfortunately, there is no set systematic approach for determining whether the MRI appearance of a soft tissue mass is pathognomonic for a particular tumor. The MRI characteristics should be combined with clinical data (e.g., age of the patient, location of the tumor, type of surrounding normal tissue). If the MRI appearance of the tumor is not pathognomonic, then further evaluation of the tumor is warranted based on the clinical history and findings. Most indeterminate soft tissue masses require a core needle biopsy under CT or ultrasound guidance to arrive at a specific diagnosis. A discussion of specific soft tissue lesions is beyond the scope of this review, and interested readers are referred to the many excellent texts on this topic.17–19
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Melorheosto:

Conventional osteosarcoma
Telangiectatic osteosarcona
Smllcell osteosarcoma
Low-grade central osteosarcoma

Osteoid/bone deposition and nonaggressive radiology on bone surface

Osteochondroma
Hereditary multiple osteochondroma

Bizarre parosteal osteochondromatous proliferation (BPOP, Nora lesion)
Florid reactive periostitis

Fracture callus

Parosteal osteoma

Periosteal chondroma

Chondroid deposition and nonaggressive radiology

Jutacortical chondromyxoid fibroma
Chondroblastoma

Enchondroma

Ollier disease

Chondromyxoid fibrona

Chondroid deposition and aggressive radiology within bone

Chondroid or osteoid/bone deposition and aggressive radiology on bone surface

Chondrosarcoma
Clear cell chondrosarcona
Dedifferentiated chondrosarcoma
Mesenchymal chondrosarcoma

Periosteal chondrosarcoma
Parosteal osteosarcona

Periosteal osteosarcona

Highgrade surface osteosarcoma
Dedifferentiated parosteal osteosarcoma

Fibrous lesions replacing trabecular bone

Fibomyxoma
Myofibromatosis

Liposclerosing myxoid lesion

Nonossifying fibroma (metaphyseal fibrous defect)
Benign fibrous histiocy toma

Desmoplastic fbroma

Fibosarcoma

Malignant fibrous histiocy toma

Fibro-osseous lesions replacing trabecular bone

Fibrous dysplasia
Ossifying fibroma
Osteofibrous dysplasia

Giant cell replacing trabecular bone

Giant cell tunor of bone
Giant cell reparative granuloma/solid aneury smal bone cyst
‘Hy perparathy roidism (brown tumor)

Vascular tumors replacing trabecular bone

Arteriovenous malformation
Hemangioma

Lymphangiona

Skeletal angiomatosis

Epithelioid hemangioma

Kaposiform hemangioendothelioma
Epithelioid hemangioendotheliona
Pseudomyogenic hemangioendothelioma
Kaposi sarcoma

Angiosarcona

“Simall cell” permeation of trabecular bone

Myeloma
Mastocytosis

Lymphoma

Adamantinona

Langerhans cell histiocytosis

ErdheimChester disease

Siius histiocytosis with massive lymphadenopathy
Ewing sarcoma

Osteomyelitis

Cystic lesions

Aneurysmal bone cyst
Epidernl cyst

Tntraosseous ganglion
Unicameral (simple) bone cyst

Metastasis to bone

Carcinomas
Rhabdomyosarcona
Neuroblastorma
Clear cell sarcona

Notochordal lesions

Ecchordosis physaliphora
Benign notochordal cell tunor
Chordoma
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Additional Findings

[ Diagnostic Considerations

Radiology

Radiologic mimics of osteochondroma

Nora lesion (bizarre parosteal osteochondromatous proliferation [BPOP])

Subungual exostosis

Mature florid reactive periostitis

Radiologic mimics of periosteal chondroma

Juxtacortical chondromyxoid fibroma (CMF)

Periosteal chondrosarcoma (CS)

Periosteal osteosarcoma (OS)

Ch. 8:115; Ch 10:141

Metaphyseal “saucerization” of the cortex

Juxtacortical CMF

Ch. 9:130; Ch 12:181

Periosteal chondroma

Florid reactive periostitis

Ch. 8:115; Ch 9:137

Ch. 7:108

Periosteal C5

Ch. 8:118; Ch 10:142

Ewing sarcoma

Ch. 14:221

Histopathology

Histologic mimmics of parosteal osteoma

Parosteal 05

Osteoid osteoma

Ch. 5:60; Ch. 8:119
Ch.5:73

Sessile osteochondroma

Ch. 5:70; Ch. 7:104

Juxtacortical my ositis ossificans

Osteoblastic metastatic disease

Ch. 5:69
Ch. 5:69; Ch. 17:263

Melorheostosis Ch. 5:81
Histologic mimics of Nora lesion (BPOP) | Osteochondronn Ch. 7:104
Parosteal 05 Ch. 8:119
Periosteal 05 Ch. 8:118
Periosteal chondroma. Ch. 8:115
Periosteal CS Ch. 8:116
Histologic mimics of fracture callus 05 Ch. 7:109
Myosits ossificans Ch.7:92

Chronic osteomyelitis

Ch. 7:110; Ch 14:226

Histologic mimics of osteochondroma,

Nora lesion (BPOP)

Ch. 7:106

Subungual exostosis

Ch. 7:107

Fracture callus

Ch. 6:90; Ch. 7:109

Parosteal 05 Ch. 8:120

Histologic mimmics of florid reactive periostitis | Conventional 05 Ch. 6:86
Highgrade surface O5 Ch.8:112
Parosteal 05 Ch. 8:111, 120
Nodular fasciitis Ch.8:111
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Additioral Findings Diagnostic Corsiderations | ChapterPage

Radiology

Computed tomography is often the best method to diagrose benign bone fumors; mugnetic resonance imaging i the | Osteoid osteoma Chs71

worst Osteoblastona Ch 574

Radiologic mimics of osteoid osteoma Osteomyelitis Ch 5:73; Ch. 14225
Brodie abscess Chs73
Enostosis (bone island) Chs73
Osteoblastoma Chs73

Intracortical osteosarcoma

Ch 5:73; Ch. 6:86,
88

Multiple types of osteopetrosis exist: Osteopetrosis Ch5:77

Precocious type (nulignant form) —autosonl recessive

Delayed ty pe (benign form) —autosomal dominant

Intermediate recessive type

Tubular acidosis ty pe

Two entities in éhis group have characteristic radiographic features:

Ovoid radiodense foct in fhe medullary cavity of long bones Osteopoikilosis Ch5:79
Blastic netastases Ch 17:257

Cortical hy perostosis resembling “melted candle wax” Melorheostosis Ch 5:80

Occasionally, these two entities coexist with osteo pathia striata Mixed sclerotic bone Chs:79

dystrophies

Histopathology

Two types of osteona exist histologically Compact (ivory) osteoma Ch 5:69
Trabecular (spongy) osteoma | Ch. 5:69

One or more histologically “intermediate” lesions exist between osteoblastoma and osteosarcoma Aggressive osteoblastoma | Ch.5:75

Epithelioid osteoblastoma
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Additional Findings Diagnostic Considerations ChapterPage
Radiology
Radiographic mimics of intraosseous and pamsteal lipona Bone infarct Ch. 16:249
Brodie abscess Ch. 14:225; Ch
16:239
Fibrous dysplasia Ch. 12162
Nonossifying fibroma Ch.12:171; Ch
16:239
Giant cell fumor Ch. 11:153; Ch
16:239
Sinple bore cyst Ch. 15:234
Osteoblastoma Ch.5:74
Plasmacytona Ch. 14:208
Benign chondroid lesions, Ch. 9:130
Histopathology
Hisiologic mimics of periosteal chordrosarcom (isocitrate dehydrogenase [IDH] Periosteal chondrona Ch.8:115
positive) Periosteal osteosarcoma (OS) (no IDHT mutations) Ch. 8:118
Hisiologic mimics of higlgrade surface OS (CDK4 and MDM2 negative) Dedifferentiated pamsieal OS (CDK and MDM2
positive)
Conventioral O5 Ch. 6:86; Ch. 8:121
Periosteal 05 Ch.8:118
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Additional Findings

Diagnostic Considerations. Chapter:Page

Radiology

Radiologic mimics of infantile hamartoma of the chest wall|

Osteochondroma

Ch 7:103; Ch 16:240

Chondromyxoid fibroma (CMF)

Ch 9:130; Ch 16:240

Chondroblastoma

Ch 9:127; Ch 16:240

Aneurysmal bore cyst

Ch 15:230; Ch. 16:240

Fibrous dysplasia

Langerhans cell histiocytosis

Ch 12:162; Ch. 16:240
Ch 14:162; Ch. 16:240

‘Hemangioma

Ch 14:162; Ch. 16:240

Chondrosarcoma (CS)

Osteosarcoma (0S)

Ch 13:188; Ch. 16:240
Ch 6:86; Ch. 16:240

Osteoblastoma

Ch 5:74; Ch. 16240

Ewing sarcoma

Ch 14:220; Ch. 16:240

Histopathology

Histologic mimics of benign cartilage lesions

Chondroblastomatlike 05 Ch 6:90
CMEFlike 05 Ch 6:90
Low-grade C5 Ch. 9:129; Ch 10:143

Conventional CS of pelvic bones
Extragnathic myxoma

Ch 9:132
Ch 9:132

Mimics of chondroblastoma

Clear cell CS (radiologically)

Ch 9:129; Ch 10:145

OMF

Ch 9:129

Osteoblastom (rarely) Ch5:74
Gant cell tumor Ch 11:154
Chondroblastonw-ike OS Ch 6:90
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Pattern

Diseases to Be Considered

Crystal arthropathies

Calcium pyrophosphate dihydrate disease
Gout
Hydroxyapatite deposition

Jointassociated lesions

Synovial hemangiona

Lipoma arborescens
Tenosynovial giant cell tunor
Synovial chondromatosis
Malignant tenosynovial giant cell tumor
Synovial chondrosarcona
Synovial sarcoma

Osteoarthitis

Rheunwtoid arthitis

Septic arthitis

Neuropathic joint (Charcot joint)
Skeletal dysplasia

Slipped capital femoral epiphysis
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Additional Findings Diagnostic Considerations Chapter:Page

Radiology

Radiologic mimics of osteosarcoma (OS) | Osteoblastoma Ch5:74
Aggressive osteoblastona Ch5:75

Histopathology

Histologic mimics 0fOS

Giant cell fumor

Ch. 6:95; Ch 11:153

Ewing sarcoma with osteoid

Aneurysmal bone cyst

Ch 6:97; Ch 14:223
Ch. 6:03-95; Ch. 15:230'

Osteoblastoma.

Dedifferentiated chondrosarcoma
Fibrous dysplasia

Ch. 6:90; Ch. 12:163

Chondrosarcoma

Ch. 6:88; Ch. 10:143

Malignant fibrous histiocy toma

Ch. 6:90; Ch. 12:179

Fracture callus

Ch. 6:91-93; Ch. 7:109

Entities that give rise to OS5

Bore infarc
Dedifferentiated (nwlignant) giant cell tumor

Ch 6:86; Ch. 16:249
Ch 11:156

Dedifferentiated chondrosarcoma

Dedifferentiated chordoma

Paget disease

Ch 6:86

Fibrous dysplasia

Ch. 6:86; Ch. 12:163

Irradiation Ch 6:86
Ewing sarcoma, postalkylating agent therapy Ch 6:86
Hereditary retinoblastoma Ch 6:93
LiFraumeni syndrome Ch 6:93
RecQ DNA helicase syndromes (Rothurund Thomson, Bloom, Wermer) [ Ch. 6:93

Biphasic tumors in bone Synovial sarcoma Ch 16:244; Ch. 21:326
Adamantinona Ch 14:206
Dedifferentiated parosteal O5 Ch 8:120
Dedifferentiated chordoma Ch 18:282
Dedifferentiated chondrosarcoma Ch 10:146
Osteofibrous dysplasia Ch 12:165

Mesenchy mal chondrosarcoma

Ch 10:147
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Additional Findings [ Diagnostic Considerations Chapter:Page
Radiology
Key radiologic features of fibrous dysplasia: ibrous dysplasia Ch.12:161
Ground glass appearance
Expansile remodelinng
Welldefined borders
Sclerotic fim
Shepherd crook deformity (femur)
Expansion of outer table over inner table of skull
Key radiologic features of osteofibrous dysplasia: Osteofibrous dysplasia Ch 121165
Lytic defectin anterior cortex of tibia or fibular diaphysis
Expansile remodeling
‘Thin rim of sclerosis
Histopathology
Unusual ey ologic/histologic pattems in fibrous dysplasia: Fibrous dysplasia Ch.12:163
Benign fibrous histiocy toma/nonossifying fibromalike stroma
Myxomatous change
Multiple giant cells
Fatty change
Cartilage formation
Aneurysnul bone cyst-like changes
Histologic mimmics of fibrous dysplasia Osteofibrous dysplasia Ch 12:163
Osteoblastona Ch 5:75; Ch. 12:163
Enchondrona Ch 9:134; Ch. 12:163
Meningiona Ch.12:163
Paget disease Ch. 12:163; Ch 16:250
‘Welldifferentiated osteosarcoma (central or parosteal) | Ch. 8:119; Ch. 12:163
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Radiology
Favored benign vascular lesion by demogaphic and radiologic data:
Middle-aged man wih lesion in vertebra or skull with a corduroy or spoke-wheel appearance Hemangioma Ch 13:188
‘Teenager with lesion in metadiaphy sis of long bone, spine, or jaw Lymphangiona Ch 13:191
Middle-aged man wih lesion in long tubular bones, perhaps involving skin or multicentric in bone Epithelioid hemangioma Ch 13:193
Child with bone, skin, and soft tissue involvement; may be associated with Kasabach-Merritt phenomena Kaposiform hemangioendothelioma | Ch. 13:196
Favored malignant vascular lesion by demog raphic and radiologic data:
Young adult with multifocal bone disease, usually in extremity bone, pelvis, or spine Epithelioid hemangioendothelioma | Ch. 13:197
(EHE)
Middle-aged to elderly individual with solitary bone mass, perhaps secondary to radiation, bone infarct, or | Angiosarcoma Ch 13:201
Paget disease
Histopathology
Histologic mimics of epithelioid hemangioma EHE Ch 13:196
Epithelioid angiosarcoma Ch 13:196
Metastatic carcinoma Ch 13:196; Ch.
17:263
Histologic mimics of EHE Other epithelioid vascular neoplasms | Ch. 13:198
Metastatic carcinoma Ch 13:198; Ch.
17263
Chondrosarcoma Ch 10:143; Ch.
13:198
Epithelioid sarcoma Ch 13:198
Histologic mimics of Kaposi sarcoma Kaposiform hemangioendothelioma | Ch. 13:201
Spindle cell henangioma Ch 13:201
Angiosarcoma Ch 13:201
Fibrosarcona Ch 13:201
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Radiology
Centered in the posterior elements of the spine Aneurysmal bone cyst (ABC) Ch 15:229
Well-defined osteoly i lesion in terminal phalanx Epidermal cyst Ch 15:231
Glomus tumor Ch 15:231
Enchondrona Ch.9:133
Intraosseous ganglion Ch 15:232
Simple bone cyst Ch 15:234
Subchondsal location adjacent o knee/hip Intraosseous ganglion Ch 15:232
Subchondral cyst of osteoarthritis Ch. 19:230
Internal se piations with fluickfluid levels ABC Ch 15:229
Telangiectatic osteosarcoma Ch 6:94
Osteolysis and ballooned osseous expansion ABC Ch 15:229
Giant cell tumor Ch 11:231
Enchondrona Ch.9:133
Giant cell reparative granuloma Ch 11:156
Brown tumor Ch.11:156
Osteoblastona Ch5:74
Histopathology
Fiber osteoid ABC Ch. 15:230
Telangiectatic osteosarcoma Ch 6:94
Blue bone ABC Ch. 15:230
Bizarre parosteal osteochondronutous proliferation (Nora lesion) [ Ch 8:113
Mysoid change within a capsule Intraosseous ganglion Ch 15:232
Clear cell chondrosarcona Ch.10:143, 145
Cyst wall composed of fibrous tissue without a lining layer of cells | Simple bone cyst Ch 15:234
Intraosseous ganglion Ch 15:232
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Radiology
Mass or destructive defect associated with the clivus| Ecchordosis physaliphora
Chordoma Ch 18:279
Dedifferentiated chordoma Ch 18:282
Histopathology
Physaliferous cells Ecchordosis physaliphorous Ch 18:276
Benign notochordal tumor Ch 18:277
Chordoma Ch 18:280
Pseudophysaliferous cells Adult fat Ch 18:277
Cartilage Ch 18:284
Metastatic carcinoma Ch 17:265; Ch 18:281
Parachordomw/myoepithelioma Ch 18:283
Pseudochordona Mucinous (adeno)carcinona Ch. 17:265; Ch. 18:283
Chondrosarcoma 3; Ch 18:283
Mixed tumor/myoepithelioma 3
Extraskeletal myxoid chondrosarcoma| Ch. 18:283
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Additional Findings Diagnostic Considerations. Chapter:Page
Radiology
Key radiologic features of osteoarthui Ch 19:290
Asymmetric joint space narrowing
Marginal osteophy fes
Subchondral sclerosis
Subchondral cysts (geodes)
Inra-articular loose bodies
Mimics of osteoarthitis Rheunwtoid arihitis Ch 19:293
Skeletal dysplasia Ch 19:293
Avascular necrosis Ch 19:293
Infection Ch 19:293
Crystal deposition disease Ch 19:293
Gaucher disease Ch 19:293
Wikson disease Ch 19:293
Henachronutosis Ch 19:293
Trauna Ch 19:293
Paget disease Ch 19:293
Neuropathic change Ch 19:293
Diabetes mellitus Ch 19:293
Hy perparathy roidism Ch 19:293
Key radiologic features of rheunwtoid arthitis:| Rheumatoid arthritis Ch 19:294
Soft tissue fullness
Marginal erosions
Periarticular osteopenia
Bone resorption
Radiologic mimics of lipoma arborescens Tnra-articular synovial lipoma Ch 21:317
Pignented villonodular (teno)synovitis Ch 21:317
Synovial hemangiona Ch 21317
Synovial osteochondromatosis Ch 21:317
Rheunwtoid arihitis Ch 21:317
Histopathology
ibrosarcoma Ch 16:245; Ch 21:326
Clear cell sarcona Ch 16:245
Melanoma Ch 16:245; Ch 17:267
Malignant peripheral nerve sheath tumor (MPNST) | Ch. 16:242, 245; Ch. 21:326
Sarcomatoid carcinoma Ch 16:245
Solitary fibrous tumor Ch 16:245
Prinitive round cell tumors Ch 21:326
Histologic mimmics of MPNST Pleonrphic undifferentiated sarcoma Ch 21:323
Fibrosarcoma Ch 16242
Synovial sarcoma Ch.16:243, 245; Ch. 21:326
Clear cell sarcona Ch 16:242
Melanoma Ch 16:242
Metastatic adenocarcinoma Ch 16242






