Normal Variants

· Block Vertebra / Failure of Segmentation
· Radiographic Findings of Block Vertebra:
· m/c at C5-6, C2-3, T12-L1, and L4-5
· Wasp waist
· Osseous fusion of neural arches
· Rudimentary disc space
· Possible fusion of z-joints or spinous processes
· Fusion of anterior and posterior elements
· Premature DJD of joints above and below
· Occipitalization of Atlas
· Agenesis of the Posterior Tubercle of C1
· Carpal Coalition
· m/c at lunate and triquetral
· Tarsal Coalition
· m/cat talocalcaneal and calcaneonavicular
· May cause chronic inversion injuries
· Synostosis (failure to form – B/L and symmetrical)
· Radioulnar – osseous or fibrous fusion 3 – 6 cm in length, may limit pronation and supination
· Posterior Ponticle (U/L Calcification of the Oblique Atlanto-Occipital Ligament) – “Arcuate Foramen”
· Agenesis of Posterior Arch of C1 – d/t lack of cartilage template
· Commonly associated with C2 “megaspinous” or large anterior tubercle of C1
· Must check the transverse ligament!
· Ununited Ossification / Growth Centers
· Os Odontoidium  - cephalic portion of dens does not unite with the body (ADI is OK, but concern for atlanto-axial instability)
· Butterfly Vertebra – Failure of lateral ossification centers to unite
· Ossiculum Terminale Persistens of Bergman – (secondary growth center of the dens does not unite) can only be diagnosed if more than 12 years of age
· Hypoplasia of posterior arch
· Cervical rib / cervical digit – articulates with TP, usually B/L, m/c at C7, C6, then C5
· Sprengle’s Deformity (Failure of descent of scapula) – usually U/L, 40% have omovertebral bone
· Omovertebral Bone (typically from C5 or C6 spinous, lamina, or TP to the superior angle of the scapula)
· Rhomboid Fossa
· Hemivertebra – Failure of one ossification center to grow 
· Dorsal ( Anterior Ossification center (“Gibbous”)

· Ventral ( Posterior Ossification center (rare)

· Lateral ( Lateral Ossification center – most common – can produce scoliosis if U/L
· Scrambled Spine – multiple hemi and block vertebra

· Intrathoracic Rib
· Spina Bifida Occulta – ununited lamina resulting in a cleft spinous
· m/c in men at L5 & S1 (9:1)
· If at C1 = “spondyloschisis”
· Spina Bifida Vera / Manifesta – Larger then occulta form, spinal cord may protrude
· 60% Genetic – increase in alpha fetoprotein
· Meningocele / Myelomeningocele – defect in neural arch that allows meninges and / or cord to protrude

· Diastematomyelia – An osseous, fibrous, or cartilaginous bar that partially or completely divides the spinal cord or cauda equina
· Pectus Excavatum – m/c deformity of the chest wall – Posterior displacement of sternum – Decreased retrosternal space –  “Funnel Chest”
· Associated with Straight Back Syndrome
· Pectus Carinatum – Anterior displacement of sternum – “Pigeon Breast”
· Schmorl’s Node – Herniation of the nucleus pulposus through the EP
· Spondylolisthesis
· m/c cause is stress fracture by the age of 18 months, 2nd m/c is degeneration; least common cause is congenital!
· In the cervical spine, it is a B/L absence of pedicles with dysplasia of articular processes, m/c at C6, m/c in men
· Is considered unstable if there is more than 3 mm of translation between compression and distraction views
· Knife Clasp Deformity – Spina bifida at S1 plus and enlarged spinous at L5 – causes pain upon extension
· Sacral Agenesis – “Caudal Regression Syndrome” – m/c if mom has DM – L5 articulates with ilium
· Pseudotumor of pelvis / humerus – Is actually a growth center – will disappear as patient matures
· Supracondylar Process – A rudimentary exostosis of bone on the anteromedial aspect of the distal humeral metaphysis
· Grows towards the adjacent joint
· Subject to fracture and median nerve compression
· Single density – may have a ligament
· Trophism – facet orientation asymmetry (cannot be seen on plain film, m/c in older patients)
· Transverse Process Process
· Limbus – d/t migration and herniation of nuclear material through the secondary growth center (nonunion of secondary growth center) – occurs between 10 – 20 years of age
· Rib Foramen – no clinical significance
· Bifurcated Rib
· Negative Ulnar Variance / Ulnar Minus Variant – the ulna is shorter than the radius, increased potential for Kienbock’s (AVN of the lunate)
· Transitional Segments:
	Ia
	U/L TP > 19 mm

	Ib
	B/L TP > 19 mm

	IIa
	Single Accessory Joint ( 80% disc herniations!

	IIb
	B/L Accessory Joints

	IIIa
	U/L Bone Bar (“Partial Sacralization”)

	IIIb
	B/L Bone Bar (“Full Sacralization”)

	IV
	Accessory joint on one side, bone bar on the other side


· Transitional Vertebra: Demonstrate characteristics of adjacent spinal areas
· Lumbosacral is m/c

· Sacralization: L5 has characteristics of sacral segment

· Lumbarization: S1 has characteristics of lumbar segment
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Mach Effect:

· Created when two osseous structures overlap

· Creates a lucent line at their junction (physiologic optical illusion)

Coxa Vara:

· 75% U/L

· Femoral Angle is < 120

· Inverted radiolucent “V” in the proximal metaphysis of the femur

· Enlarged greater trochanter

Coxa Valga:

· d/t muscular imbalance of the abductor mechanism of the hip

· Femoral Angle is > 130

· Often see partial lateral dislocation of the femur head

Madelung’s Deformity:

· B/L; m/c in women

· Retarded growth of the medial portion of the distal radial epiphysis = asymmetrical growth, ulnar deviation of hand and dorsal prominence of ulnar styloid process d/t posterior subluxation of distal ulna (“Bayonette”)

· Triangular shape to distal radial epiphysis

Arnold-Chiari Malformation:

· Elongation of brainstem and cerebellar tonsils through the foramen magnum

· Requires an MRI to diagnose – lots of associated radiologic findings (cervical rib, block vertebra, spina bifida, etc.)

· Three Types:

· Type I: Presents in adulthood, symptoms are bizarre and may appear to be psychiatric in nature (m/c in women)

· Type II: Presents in infancy or childhood, more severe, associated with spina bifida and meningomyelocele

· Type III: Rare

Platybasia / Basilar Impression:

· d/t congenital maldevelopment of the sphenoid and/or occipital bones = flattening of the skull base

· Martin’s Basilar Angle > 152

· Primary is congenital

· Secondary is acquired (i.e. Bone Softening Diseases)

· There is a lack of space between the posterior arch of C1 and the occiput

Syndactyly:

· m/c developmental abnormality of the hand

· Fusion of skin or bones between digits

· m/c in white males

· m/c on the medial side of the had

Acrosyndactyly:

· Fusion is distal, with the proximal segments free

Polydactyly:

· Increased number of fingers or toes

· m/c in African-Americans

· Radial (preaxial); Ulnar (postaxial)
Skeletal Dysplasias:
· Achondroplasia: “Micromelia”
· The m/c congenital dwarfism – d/t a single mutant gene

· Disturbance in epiphyseal chondroblastic growth

· Enchondral bone (length) is abnormal

· Intramembranous bone (width) is normal

· Clinical Features:

· Approximately 50” tall

· Rhizomelia (proximal shortened long bones – especially of the UE)

· Brachycephaly

· Protuberant buttocks & abdomen ( hyperlordosis

· Rolling gait d/t posterior tilt of pelvis

· Trident Hand

· Champagne Glass Pelvis

· Scalloping of posterior vertebral bodies d/t dural ectasia

· Complications:

· Nerve root compression

· Claudication of cauda equina

· Transverse myelopathy

· Spinal Stenosis *most significant complication in adults*

· 25% have no transverse ligament

· Cleidocranial Dysplasia:

· Faulty ossification of intramembranous bone

· Clinical S/S:

· Large head, small face, & drooping shoulders

· Narrow Chest –  “Funnel Chest”

· Gait disturbances

· Abnormal dentition

· Clavicular hypoplasia / agenesis

· Radiographic S/S:

· Skull: Wormian bones, brachycephaly, enlarged foramen magnum, cleft palate

· Thorax: Anomalous clavicular development (absent in 10%)

· Pelvis: Midline defects, small & underdeveloped

· Spine: Biconvex vertebral bodies, spina bifida, hemivertebra

· Extremities: Accessory epiphysis for base of 2nd MC ( elongated digit.  Distal phalanges are hypoplastic and pointed

· Craniosynostosis:

· Premature closure / fusion of one or more sutures of the skull

· Affected suture has a straight (not serrated) radiolucent line

· Types:

· Scaphocephaly (“Boathead”): Closure of sagittal suture

· Increased AP diameter and decreased biparietal diameter

· The m/c type

· Brachycephaly: Synostosis of both coronal sutures

· Skull is short in AP diameter

· Common in achondroplasia

· Acrobrachycephaly: U/L closure of a coronal suture

· Produces flattening of orbit on ipsi side

· Plagiocephaly: Closure of lambdoidal and coronal suture

· Leads to flattening of one side of the occiput

· ???cephaly: Isolated closure of frontal suture (metopic)

· Results in triangular forehead with hypotelorism

· Epiphyseal Dysplasias:

· Chondrodysplasia Punctata 
· Dysplasia Epiphysealis Hemimelica
· Epiphyseal Dysplasia Multiplex
· Spondyloepiphyseal Dysplasia:

· Is inherited and has a wide range of expression

· Tarda type is found only in women and is discovered  between 5 – 10 years of age

· Congenital Form:

· Short limbs, cleft palate, myopia, hearing loss, scoliosis, horizontal acetabular roofs, etc

· Dens hypoplasia

· Rhizomelia

· Platyspondyly (flat vertebra)

· Hump-shaped / Heaped Up vertebra

· Central beaking of vertebra

· Differentiate from Morquio’s Syndrome because the disc height is normal and the vertebral bodies have central beaking
· Marfan’s Syndrome:
· d/t a CT disorder with failure to produce normal collagen
· Impacts skeletal, ocular, and cardiovascular systems

· Elongated extremities, muscle hypoplasia, and decreased subcutaneous fat
· Elongated skull and face, prominent jaw, poor dentition
· Dislocation of ocular lens, myopia, absence of dilator muscle of pupil
· Atrial septal defect (m/c heart problem)
· Abnormal tunica media can lead to dissection and rupture
· Valvular incompetence (“Floppy valve syndrome”)
· Thumb Sign (d/t lax ligaments)
· Thoracic cage deformities
· Arachnodactyly, tall vertebra, posterior scalloping of vertebra d/t dural ectasia
· Ligamentous laxity
· Osteopenic Dysplasias:
· Ehlers Danlos Syndrome
· Massive Osteolysis of Gorham (“Hemangiomatosis”)
· Mucopolysaccharidoses:
· A defect in metabolic degradation leads to the storage of MPS macromolecules n the nervous system and other tissues
· 8 types – 6 presented in Yochum – we are concerned with 2
· Hurler’s Syndrome (“Gargoylism”)
· Excessive lipid accumulation in CNS
· Normal at birth – then changes around one year of age

· Large head, wide set eyes, sunken nose, large lips, protruding tongue
· Mental deterioration & deafness
· Dwarfed, trident hands
· Radiographic S/S:
· “J” Sella Turcica

· Macrocephaly
· Inferior or Superior Beaked Vertebra

· Paddle / Spatula Ribs
· Osteoporosis
· Dens hypoplasia
· Morquio’s Syndrome:
· Keratosulfaturia
· Normal until begin weight-bearing
· Dwarfism, hypotonia, kyphoscoliosis, pectus carinatum, short neck / head sunken into neck, nose is short, depressed bridge, wide set eyes, poor dentition, deafness, deformed hands, dens hypoplasia, cardiomegaly
· Radiographic S/S:
· Platyspondyly with central beaking

· Wide femoral necks
· Osteogenesis Imperfecta:
· A brittle bone disease d/t an enzyme deficiency that causes an abnormal maturation of collagen
· Osteopenia is the m/c radiographic finding
· Blue sclera are present in 90%

· Abnormal dentition, arachnodactyly, callous formation, otosclerosis
· Congenital is the worst form; Tarda form is not as severe
· Biconcave vertebra
· Sclerosing Dysplasias:
· Osteopetrosis:
· A brittle bone disease d/t the failure of resorption of fetal embryonic bone
· 50% are asymptomatic
· “Bone within a bone,” “Erlenmeyer Flask”

· The Tarda Form is the m/c
· Anemia, infections, etc.
· Sandwich Vertebra
· Fractures through this bone may develop into an acquired joint!
· Pyknodysostosis:
· A brittle bone disease
· m/c in males
· Dwarfism; no frontal sinus, mastoid air cells, or teeth; obtuse mandible angle; 10% mentally retarded; wormian bones, platybasia; Madelung’s deformity; spool shaped vertebra
· Small features, big head ( “Elfin”
· Shepherd’s Crook deformity of femurs
· Acroosteolysis
· Osteopoikilosis:
· Multiple small dense spots (“Spotted Bone”)
· Benign
· Symmetric, found in the long tubular bones, carpals, tarsals
· “Juxta-Articular Distribution” and uniform size
· Melorheostosis:
· Etiology unknown
· “Dripping Candle Wax”
· Neurovascular and lymph compression
· Can invade outward, inward, or BOTH
· Pain, ST changes, proximal to distal
Arthritis
· Joints:

· Fibrous (SI, interosseous membranes)

· Cartilaginous (IVD, pubic symphysis, manubriosternal)

· Synovial

· Enthesis: Where ST interdigitates with bone (Sharpey’s Fibers)

· Monoarticular – one joint

· Pauciarticular – 2 – 4 joints

· Polyarticular – 5+ joints

· Bony Projections:

· Supracondylar Process: Humerus only, points towards the joint, uniform density

· Osteochondroma: Anywhere, points away from joint, nonuniform density

· Osteophyte (Bone Spur): Marginal, bone density

· Syndesmophyte: ST calcification related to a joint

· Flame-Shaped

· DISH

· Psoriasis

· Reiter’s

· Soft Tissue Calcification:

· Physiologic: Normal serum Ca++ (i.e.: Pineal gland, iliolumbar ligament)
· Dystrophic: Tissue is damaged; normal serum Ca++ (i.e.: Gout, calcific tendinitis, ochronosis, etc.)
· Metastatic: Serum Ca++ is elevated (i.e.: HPT)
· Paravertebral Ossifications:

· Osteophytes

· Non-Osteophytes

· Flowing, Exuberant Ossification ( DISH

· Pencil-thin, Marginal ( AS, Enteropathic Arthritis

· C-Shaped, Stuck-On, Comma-Shape, Non-Marginal ( Reiter’s, Psoriasis

· Calcific Tendinitis: Concretion with no organization d/t repeated injury ( painful

· Ossicle: Cortical rim & trabecular bone, no injury, painless

Degenerative Arthritis (DJD) C5-6, T6-12, L4-5:

· U/L and asymmetrical

· ESR Normal, Sero-negative

· Morning stiffness

· Secondary DJD is the largest category

· Radiographic findings:

· Asymmetric joint space narrowing – d/t abnormality of articular cartilage
· Subchondral sclerosis – d/t loss of cushioning
· Osteophytes

· Subchondral cysts

· Other Findings:

· Vacuum Cleft – air collecting in a disruption of annular fibers
· Rostral-Caudal Migration of facets

· Hemispherical spondylosclerosis

· Sawtooth appearance (in the knee)

· DIPS – Heberden’s Nodes

· Forms:

· DISH

· Aka: “Forestier’s Disease”

· m/c 50+

· Calcification of ALL – m/c at T7 – T11 (typically at least 4 levels)
· Flowing, exuberant calcification

· Biased to the right side (d/t aortic pulsations on the left)

· 40% have diabetes

· In c-spine, m/c complaint is dysphagia

· 40% have ossification of PLL

· Flame-shaped syndesmophytes

· Carrot stick fractures

· Erosive OA:

· Defect in articular cartilage (hands only)

· Affects DIPs & 1st MC/Trapezium
· RA-like presentation but sero-negative
· Gull-Wing appearance at DIPs
· Synoviochondrometaplasia:

· m/c in men 30 - 50

· “Joint-Mice” but NOT secondary to trauma ( extra-osseous, intra-articular

· Pt presents with joint locking and multiple joint mice

· Knee

· Apple-Core Deformity
· Neurotrophic Joint Disease:

· Impacts both sides of the joint

· Secondary to loss of proprioception
· 2 major forms:

· Atrophic: Very neat – candy-licked or surgically amputated in appearance

· Hypertrophic (m/c) ( 6 D’s
· Destruction of joint surfaces

· Debris

· Disorganization

· Distention (as joint capsule fills)

· Dislocation (d/t decreased ST stability)
· Density (chondral fragments ossify)

· Found in syringomyelia (cape / shawl-like anesthesia), DM, tertiary syphilis

· Amount of damage does not correlate to the amount of pain (little pn, lots of damage)

Inflammatory Arthritis:

· B/L and symmetrical

· ESR elevated, sero-positive

· All have the ability to cause atlanto-axial instability

· Radiographic Findings:

· Uniform joint space narrowing (pancompartmental)

· Pannus tissue / granulations

· Peri-articular osteoporosis

· Most likely to produce fusion

· Erosions

· Forms:

· RA

· Am stiffness, pn on motion that often decreases with use, ST swelling, subcutaneous nodules

· B/L and symmetrical everywhere except the SI joints (U/L)
· 20% (RA) acquire ADI instability

· Baker’s Cysts of the knee

· Attack Points (at the “bare area”):

· MCP

· Carpals (Carpal Coalition = fusion)

· PIP (spares the DIPs) ( Bouchard’s Nodes
· Lannois Deformity (fibular deviation)

· Pencil-in-a-Cup Appearance

· Boutonniere’s Deformity / Swan Neck

· Terry Thomas sign

· Juxta-articular osteoporosis

· Juvenile (Chronic / Rheumatoid) Arthritis

· Asymmetric

· Can lead to secondary DJD

· Sero-negative (“Still’s Disease”) is m/c ( Can “Burn-Out”
· Sero-positive is more devastating

· Can see the IVFs on a lateral view because hyperemia promotes premature maturation (the growth plate closes early and traps the vertebra in an immature dimension)

· Ankylosing Spondylitis:

· Defect on chromosome 6 – collagen is unable to hold things together

· Young males (native Americans m/c) ( females present with bowel disease and polyarticular arthropathy
· Lab Profile:

· Increased ESR

· Sero-negative

· HLA-B27 positive (hereditary – 90% passed from mother)

· Increased serum cortisone levels (decreased synovial levels)

· Elevated C-Reactive Protein

· Elevated Type IV histamine levels

· Increased intra-ocular pressure

· Radiographic Findings (twin to Enteropathic):

· Paravertebral ossification of ALL (pencil-thin, marginal)

· Disuse osteoprosis

· Ghost-joint appearance (Hard to see SI joint as ant. & post ligaments ossify
· Railroad track sign – ligaments along pedicles
· B/L symmetrical sacroiliitis
· Trolley track sign (supraspinous + facet capsules + ligamentum flavum)

· Dagger sign (supraspinous + interspinous)

· Star sign (summation around curve of auricular surface of sacrum)

· Romanus lesion (localized osteopenia of vertebral body)

· Shiny Corner Sign (reactive sclerosis of corner of body)

· Bamboo spine (d/t marginal syndesmophytes)

· Discal Ballooning d/t pressure erosion of EP
· Carrot stick fractures

· Causes of death include suicide, cardiac problems, renal failure, leukemia

· 80% will get prostatitis; 40% will get IBS; may also have iritis, tachycardia, aortitis, aneurysmal dilation of great vessels
· Enteropathic Arthritis:

· Persistent history of bowel disease

· Only about 12% have HLA-B27

· Radiographic twin to AS

· Psoriatic Arthritis:

· Sero-negative, HLA-B27 +
· Mutilating

· Radiographic twin to Reiter’s

· Dermatologic Findings (30% of those with these findings also have arthropathy): Silvery scales, extensor surfaces

· Radiologic Findings:

· Candy-licked appearance (toes)

· Joint destruction OR fusion

· Ray Pattern (MCP, PIP, DIP)

· U/L sacroiliitis; or B/L asymmetric sacroiliitis (reactive iliac sclerosis)
· C-shaped, stuck-on, comma-shaped paravertebral ossification

· Mouse ears
· Reiter’s:

· HLA-B27 + Sero-negative
· Radiographic twin to psoriatic arthritis

· Flame-shaped syndesmophyte

· Juxta-articular osteoporosis

· Candy-licked

· Marginal, C-shaped…

· Conjunctivitis, urethritis, calcaneal spurs (Lover’s Heel)
· Pubis symphysis often involved
· Dermatologic Findings: Pustules on palm of hand and soles of feet
· Osteitis Condensans Ilii (OCI):

· Triangular iliac sclerosis (B/L)
· Women, multiple pregnancies

· Scleroderma:

· Dermatologic Features:

· Indurated (hard, tough, thickened) ( obliterates capillary bed
· Shiny hands, tapering fingertips

· Radiologic Features:

· Acroosteolysis

· Truncated fingertips, candy-licked
· Hypertrophic Osteo Arthropathy (HOA):

· Visible layer of periosteum on top of cortex ( solid periosteal reaction

· If history of emphysema, lung cancer, etc. is HPOA (P = Pulmonary)

· Jaccoud’s Arthritis:

· A complication of rheumatic fever
· Often also have mitral valve disorders d/t rheumatic fever

· SLE:

· Myalgia & arthralgia (90%)

· Radiographic Findings:

· Ulnar or radial deviation of hand – can be corrected (“reversible subluxation”)

· Osteoporosis if treated 

Metabolic Arthritis:

· U/L

· ESR normal, sero-negative

· Crystal deposition in vascularized tissues that cool quickly

· Radiographic Findings:

· Early – looks normal

· Joint “Concretions” – no cortex

· Pannus tissue / granulations

· Bone density changes (late) ( dystrophic calcification
· Forms:

· Gout:

· B/L tophi (ear, big toe) 

· Periarticular deposits ( pannus formation & erosion

· Radiographic Findings:

· Overhang sign

· Joint space and alignment normal

· Dystrophic calcification

· CPPD:

· Knee meniscus calcification ( Chondrocalcinosis
· Older pt with pain in knee is classic

· Terry Thomas sign

· Ochronosis / Alkaptonuria:
· A pigmentation darkening of the cheek & ear d/t deposition of acid ( presentation in late 20s early 30s

· May also deposit in bone, which makes bone look darker

· Also damages the disc (dystrophic calcification) ( this creates a reversal of the normal bone/disc pattern

· Pigmented Villonodular Synovitis:

· B/L break-in lesion pattern

Septic Arthritis:

· Suppurative osteomyelitis that crosses the joint

Infection:

· The most aggressive type of bone disease

· Staphylococcus Aureus (90%) ( m/c bug by incidence
· m/c bug affecting the humerus of newborns is strep

· Pseudomonas affects the “S-Joints” ( Spine, symphysis pubis, SI, sternoclavicular

· Fever, increased ESR, increased WBC, B/L joint space destruction

· Osteomyelitis: Bone Infection

· Immune Suppression (drugs)

· Disease (Diabetics)

· Drug Addicts (IV Drugs)

· Newborns (Lack of system experience)

· Route of Spread to Bone:

· Hematogenous (m/c) ( from lung (URI), skin, GU

· Contiguous (Direct extension) ( i.e. UTI

· Direct Implantation (from penetration of skin)

· Post-Surgical (1-3% chance in abdominal surgeries!)

· Kids are more at risk d/t smaller size and lack of ready defenses

· Get sick QUICK after a 14-21 day latent period

· m/c range: 2 - 12 yoa

· Metaphysis of long bones

· Boys m/c

· Adults: Insidious onset – think IV drug use

· Sequestrum: The old dead bone in the center of an osteomyelitis

· Involucrum: The periosteal tissue attempting to surround the infection (suppurative)

· Cloaca: A decompression sinus / channel ( sometimes goes to the surface

· 20 to 30 years later can lead to “Margolin’s Ulcer” ( squamous cell carcinoma

· Nidus: A hole / lucency in the middle of an osteoid osteoma
· 4 Categories:

· Suppurative (most aggressive):

· Produces pathogens, quickly divides ( PUS (organism + WBCs)

· Discitis (Narrowing of joint space, changes in paravertebral soft tissue, destruction of sup and inf EPs), symphysis pubis (destruction, reactive sclerosis of SI)
· Pt will NOT want to load the bone because it increases the intra-medullary pressure

· Suppurative osteomyelitis that crosses the joint = septic arthritis

· Radiographic Findings:

· ST swelling (paravertebral, costo-phrenic angle, etc.) ( Pus, Blood, Cells
· Cortical-medullary border not discriminated (discontinuous cortical bone)
· Periosteal lifting (In kids, the periosteum is only anchored at the ends by Sharpie’s fibers, therefore, it is easily lifted)
· Brodie’s Abscess: A successfully walled-off suppurative infection

· Pain at night relieved by aspirin

· Target Sign on MR

· If sterile = successfully walled off

· If there is a bug upon aspiration, will curettage and pack with bone chips

· Permeative destruction pattern ( “Moth-Eaten”

· Tumor (weeks to months) or infection (days to weeks)

· ST mass with mixed density ( Gas ( Clostridium perfringens or E. Coli

· Non-Suppurative (Least Aggressive):

· Mycobacterium tuberculosis

· Always starts as a U/L lung infection ( 50% go to the bone (esp TL junction)
· Indolent, lazy, monostotic

· Granulation tissue (i.e. TB) – extensive abscess, little pain
· TB Tuberculoma = reaction to the vaccination

· Radiographic Findings:

· Cold-Abscess: Polka-dotted white, dystrophic calcification (L.Colli, psoas)
· Gibbous Deformity (angular)
· Fusiform density of ST (Q-tip shape)
· Long Vertebra (vertebra is unloaded, so it grows to fill the space; less dense)

· Dactylitis ( bright white ring (slow growing)

· Pott’s Disease (Paraplegia d/t smashed vertebra)

· Fungal:
· Airborne spore ( pneumonitis ( bone

· Blastomycosis: North American / Canadian border

· + methenamine blue stain

· Coccidioidomycosis: SW United States (San Joaquin Valley)
· Favors bony prominences (malleoli, patella, distal clavicle / acromion)

· Histoplasmosis: Ohio / Mississippi River Valley – prefers ST
· Maduromycosis: m/c worldwide

· Fecal born, direct implantation into foot

· Syphilis

· Targets vaso vasorum & vessel wall dies ( whatever the vessel was feeding can die

· Congenital

· If mom has, there is a 90% chance of transmission to the baby

· 25% die in utero

· 25% die close to birth

· 40% get sick soon after

· Acquired

· Only 10% produce bone changes (untreated or under-treated)

· Three Stages:

· Metaphysitis: Sawtooth appearance, Wimberger’s sign of Syphilis (medial erosions of tibial metaphysis)

· Periostitis: Solid periosteal reaction evident on long bones ( B/L symmetrical periostitis

· Osteitis: Increased density, bone softening, Saber-Shin, Clutton’s Joints (swollen but painless), Hutchinson’s Teeth (squared, pegged, small, notched)

Nutritional , Metabolic, Endocrine:
Osteopenia:

· Cortical:Medullary SHB 1:1 until about 35 yoa

· After age 35, lose 0.1 – 0.3% of bone mass per year

· At menopause, this increases 10% ( 1-3% bone loss per year

· Generalized: All bones (thin cortex, wide medullary cavities) ( HPT, post-menopause
· Regionalized: A related group of bones (post-immobilization, RSDS)

· Localized: A portion of a bone (peri-articular, infection involves both EPs, mets generally only involves one EP ( most serious)

· Radiographic Findings:

· Decreased density (increased radiolucency)

· Cortical thinning

· Accentuation of Vertical Trabeculae at all levels

· A hemangioma (m/c primary benign tumor of spine) is localized to one level

· Deepening concavity of EPs ( “Codfish Vertebra”  (Biconcave)

· Wedged Fracture d/t a trivial trauma (sneeze) – esp in the TL junction

· The back of the vertebral body must be at least 80% of the vertical dimension of the ones above & below

· Hyperkyphosis (more than 40 degrees)

· Vertebra Plana (Pathologic) – Multiple myeloma
· The back of the vertebral body is less than 80% of the vertical dimension of the ones above and below

· Angular EP Deformity / “Check Sign” (Pathologic)

· Associated with abrupt failure

· METS
· Observe progress at Hip ( Ward’s Triangle
· The smaller this area is, the stronger the bone

· Principle Compression Group: Most important – wt bearing from head to medial cortex – the last to be removed ( appear accentuated

· Secondary Compressive Group: Muscle contractions from attachments at greater trochanter leads to compression

· Principle Tensile Group: To the lateral cortex

· Must Quantify:

· Risk Factor Assessment

· Single Emission X-ray Absorbometry (SEXA)

· Dual Emission X-ray Absorbometry (DEXA) ( the best (The more the bone absorbs, the denser it is)
· Quantitative CT

· Concerns:

· Spinal Fractures

· Hip Fractures ( 30% mortality

· Fat emboli

· Immobilization

· Hospital (nosocomial infections)

· Pneumonia d/t decreased activity

· Treatment:

· Ca++ alone ( no effect

· Ca++ and Vit. D ( Slowed rate

· Exercise alone ( Slowed rate

· Ca++ and Vit. D and exercise ( almost eliminated loss

· Estrogen therapy alone ( slowed rate

· Estrogen and Ca++ and Vit. D ( slowed rate

· All 4 ( Added bone
RSDS / Sudeck’s Atrophy:
· Occurs distal to nerve injury (trauma, surgery, fx, etc.)

· Sensitivity to cold and touch

· Regionalized osteopenia

· Skin changes

· Typically self-limiting within 1 year

Ricketts / Osteomalacia:
· Deficiency in vitamin D, Phosphorous, or Calcium

· Bowed long bones

· Interrupted / absent ZPC ( “Ricketts rarifies the ZPC”

· “Rachitic Rosary” ( Bowed, spade-like ribs

Scurvy:
· Deficiency in vitamin C

· Thick & white ZPC ( “Scurvy scleroses the ZPC” = Wimberger’s Sign of Scurvy
· “Scorbutic Rosary Bead” (  Bowed, spade-like ribs
Hyperparathyroidism (HPT):
· Vascular calcification due to metastatic calcification (Serum Ca++ is elevated)

· Generalized osteopenia

· Acroosteolysis of the distal phalanges

· Radial border resorption  (concave radial border) = pathognomonic
· “Rugger-Jersey Spine”

· Primary = tumor

· Secondary = d/t renal disease\

· Tertiary = d/t end-stage renal disease and dialysis

Human Growth Hormone:

· Gigantism – occurs when skeletally immature (enchondral bone ( increase in length)

· Acromegaly – occurs when skeletally mature (intramembranous bone)

· Prognathism – “Lantern Jaw”

· Overgrowth of frontal sinus, sella turcica (may find double floor sign if there is a pituitary tumor)

· Increased Heel Pad Thickness (mensuration)
Heavy Metal Toxicity (Lead):

· Dense, sclerotic ZPC
· Oral ( blood ( bone (active growing bone)

· Often found when

· Normal fracture

· Acute abdominal crisis

· Personality / academic changes

Histocytosis X:
· Eosinophilic Granuloma (m/c)

· Disappearing bone ( the cortical margin is gone

· “Silver dollar sign” in the spine

· Spontaneous reconstitution

· Hans-Schüller-Christian

· Classic triad:

· Lytic skull lesions

· Exophthalmosis

· Diabetes insipidus

Hemochromatosis:
· Involves the hand ( exhibits “hooks” at the distal MCs

Tumors:

Metastatic Cancer:

· Most METS are lytic (70%)

· Primary (the largest concentration of tissue) in Breast, Lung, Prostate, & Kidney = 80% of all METS

· Prostate METS is usually blastic

· Breast METS can be blastic (10%)
· Know that it is NOT primary d/t:

· Location

· No ST swelling

· No periosteal reaction

· Statistics (most are secondary)

· Batson’s Plexus = a valveless venous network with bidirectional flow to the skull, shoulder, spine, ribs, pelvis, hips

· Prefers trabecular metaphyses (except lung cancer – it prefers cortex!)

· m/c route of spread of METS is hematological

· Distribution is along Baton’s Plexus (axial skeleton)
· If find in knee or shoulder, consider it to be primary

· Lung cancer can spread anywhere (bones, ST, organs, etc.)

· No lymph channels in bone, so no lymphatic spread

· METS Patient Profile:

· 4th decade +

· Weight loss ( Cachexia

· Anemic

· Tachycardia

· Pathological fracture from trivial trauma is often the first sign of the problem

· Vertebra Plana

· Check Sign

· Elevated Acid Phosphatase (specific to prostate)

· Elevated Alkaline Phosphatase (blastic)

· Radiographic Findings:

· Winking Owl Sign (lytic METS) – the contra pedicle looks normal because it occurred too fast for the body to respond

· Check sign (decreased joint space without sclerosis or osteophytes)

· Localized osteopenia that respects EPs and took months to develop

· Ivory White Vertebra (blastic METS)

· Anterior scalloping of vertebra (found in Lymphoma)

Primary Malignant Bone Tumors:
· Every age has its own primary cancer:

· 0 – 5: Neuroblastoma

· 10 – 25: Osteosarcoma, Ewing’s Sarcoma

· 20 – 40: Lymphoma

· 40+: METS (with primary in lung, breast, prostate, kidney)

· Three patterns of lytic skull lesions:

· Multiple holes, about the same size (“Raindrops”) = Multiple Myeloma (arises from the plasma – diploic space)

· Variable sized holes = METS

· Osteoporosis Circumscripta = Paget’s (lytic clearing of the hemispheres leads to two big holes)

· Multiple Myeloma:

· Multiple spinal locations

· LBP with sciatica

· Cold on bone scan (inhibits osteoblastic activity)

· Laboratory Findings:

· Bence-Jones protein – only present in 40% (therefore, it is inclusionary, but not exclusionary)

· Immunoglobulin Electrophoresis ( Elevation of IgG (G,A,D,E,M in descending order)

· May have infections d/t decreased WBCs

· Normocytic, normochromic anemia

· Radiographic Findings:

· Lytic skull lesions – “raindrop”

· “Moth Eaten,” Permeative lesions

· Foggy cortical-medullary border

· Complications:

· Progressive fx

· Secondary amyloidosis

· Renal disease
· Infections

· Solitary Plasma Cytoma:

· 70% of these progress to full-blown multiple myeloma

· No sacrum

· Osteosarcoma (10 – 25 yoa)

· Occurs at the metaphysis of long bones

· m/c in knee

· Increased alkaline phosphatase

· Bone reaction:

· 17% Lytic (most aggressive, least common)

· 25% Sclerotic

· 58% Mixed

· “Hair-on-End” Periosteal reaction (perpendicular direction) – very aggressive

· May present with trauma

· Frequently metastasizes ( likes the lung and brain

· “Cannonball Metastasis” ( Metastasis to the chest creates a very dense lesion (can lead to HPOA)

· Chondrosarcoma:
· m/c primary malignant tumor of the hand

· Used to be an enchondroma

· Ewing’s Sarcoma (10 – 25 yoa):

· Bone and ST cancer
· “Saucerization” – two thick periosteal reactions with a dip between them (very subtle)

· Ewing’s Sarcoma

· Osteomyelitis

· Stress Fracture (most benign cause)

· “Hair-on-End” periosteal reaction

· ST mass

· Occurs mid-shaft (diaphysis) of long bones

· Hot spot on bone scan is in the center of the bone

· Frequently metastasizes ( likes the lung and other bones
· “Cannonball Metastasis” ( Metastasis to the chest creates a very dense lesion (can lead to HPOA)

· Giant Cell Tumor (GTC) / Osteoclastoma:
· Primary Quasi-malignant Bone Tumor (80% are benign)

· Benign are m/c in women, malignant are m/c in males

· m/c in distal femur, proximal tibia

· 60% are lytic

· Find multinucleated giant cells in tumor upon aspiration

· Radiographic Features:

· Extends all the way to the articular surface (pathognomonic)

· Thin, expanded cortex ( “Soap Bubble Pattern” in 40%

· May have a delicate periosteal reaction
Primary Benign Bone Tumors:

· Hemangioma

· m/c primary benign tumor of the spine

· Corduroy Cloth Appearance (accentuated vertical trabeculae)

· In skull, it appears as one large lesion

· Osteochondroma (~ 20 yoa):
· m/c benign bone projection

· Points away from joint, no ligament, mixed density

· “Coat-hanger Exostosis”
· Has a continuous cortex until you reach the tip – there is has a “cartilage cap”

· Complications can arise if:

· Aggressive biopsying

· Trauma fractures ( can become malignant

· Two forms:

· Pedunculated: On a base / stalk with a ‘cauliflower top’

· Sessile: On a broad base

· Osteoma:
· A cortical bone tumor with a smooth contour and a continuous cortex

· Are found:

· Occupying parts of the skull that SHB spaces (sinuses)

· Attached to the skull as a raised lesion

· Is clinically insignificant unless it is part of Gardener’s Syndrome (Osteoma, rectal polyps, and ST fibromas) – the polyps can go malignant
· Bone Island (“Enostoma”):
· Benign, extra bone within bone

· Osteoid Osteoma:
· Pain at night, relieved by aspirin

· A “blister” on the bone between the cortex and the periosteum

· May have a nidus

· The cortex is brighter white d/t summation

· Self-resolves within 5 – 10 years – if painful, can have surgery

· Does not show up on bone scan

· Enchondroma (~ 35 yoa):
· m/c primary benign tumor of the hand

· Can be solitary or multiple (called Ollier’s Disease)

· The bone looks less dense d/t cartilage tissue within the bone

· 40% will uptake Ca++, giving a speckled appearance – a round lesion with polka dots

· Is usually a painless incidental finding

· m/c complication is a pathological fracture

· Can sometimes become a chondrosarcoma (malignant)

· Xanthoma: (Within the bone – don’t expand out from bone)

· Fibrous Cortical Defect:

· A fibrous lesion of cortical bone

· Looks like a hole with a white rim – well-kept
· May become a Non-Ossifying Fibroma

· Non-Ossifying Fibroma:

· Histologically identical to the FCD

· Large trabecular lesion that completely resolves

· Aneurysmal Bone Cyst (ABC):  (Expands out from bone)
· An expanded bone cavity with a clear interior – in the metaphysis or diaphysis
· “Multi-chambered,” “Soap Bubble”

· The m/c primary benign tumor to cross the growth plate

· Thin cortex, but no destruction or periosteal reaction

· Does not become malignant, but it does weaken the bone

· Lipoma:
· Clear edge – radiolucent (short zone of transition)

· m/c tumor of humans (mostly dermatological)

· Bulls-eye appearance

· Loves the calcaneus
Tumor-Like Processes:
· Paget’s:
· Combination of genetics and a virus – regularly in NE United States (predisposed to England, Austria, New Zealand – probably d/t the genetic connection)

· Three common stages:

· Lytic: “Osteoporosis circumscripta”

· Mixed: Lytic & Blastic

· Sclerotic – “Ivory Vertebra”

· Malignant – Uncommon 4th stage

· Makes bone bigger – thick, fuzzy EPs and a thickened cortex
· Typically at one level when 1st discovered, although can be multiple locations

· Coarsened trabecular pattern (hallmark sign)

· Spine, vertebra, patella, hip, skull, scapula

· Linked to increased wear & tear, early DJD

· May lead to protrusion acetabuli

· Shepherd’s Crook Deformity

· “Cotton Wool Skull” – looks white & fuzzy

· Typically older men, head size increased (hat now too small), basilar invagination, hip problems d/t bone softening

· Cranial nerve neuropathies b/c foramen get smaller (hearing, vision, mm of face, scapula lifting, etc.)

· Increased alkaline phosphatase (up to 20 X normal)

· Can “burn out” – the bone changes stay, but alkaline phosphatase levels normal

· Fibrous Dysplasia:
· Clear zone in the center with a “Ground Glass Appearance” – beveled / fine fuzzy opaque edges

· Stimulates blastic reaction of surrounding issue = “Rind of Sclerosis”

· Can change the contour of bone (expansile)

· Clinical feature: Café au Lait spots with a “Coast of Maine” appearance; pigmentation changes

· Neurofibromatosis / von Recklinghausen’s Disease:
· Clinical feature: Café au Lait spots with a “Coast of California” appearance – smooth, broad curves

· Scoliosis d/t loss of intrinsic mm control from neurological lesions

· Bumps around sacrum – “Fibroma molluscum”

· “Dumb-bell Lesion” – part of the lesion is in the central canal, through the foramen, and the rest is outside.  Can lead to a compressive neuropathy.

· Olive shaped IVF on lateral, deviated trachea on AP

· Posterior scalloping of vertebra d/t masses

· Can produce local stimulation to bone, etc. – “Local / Focal Gigantism” (i.e. an elongated digit, etc.)
Most Common List:
	Malignancy of skeleton
	Metastatic Cancer (from all sources)

	Primary malignancy of skeleton
	Multiple Myeloma

	Primary benign tumor of the spine
	Hemangioma

	Primary in men
	Lung

	Primary in women
	Breast

	Primary tumor to spread to another bone
	Ewing’s Sarcoma

	Benign tumor of the sacrum
	GCT

	Benign bone projection
	Osteochondroma

	Primary benign tumor of the hand
	Enchondroma

	Primary malignant tumor of the hand
	Chondrosarcoma

	Primary benign to cross the growth plate
	ABC

	Tumor of humans (mostly dermatological)
	Lipoma

	Primary malignancy to produce multiple levels of vertebral collapse
	Multiple myeloma

	Primary Quasi-malignant Bone Tumor in Women
	Benign GCT

	Primary Quasi-malignant Bone Tumor in Men
	Malignant GCT


Tissue Uptake of Ca++:
1. Osteoid Tissue – most likely to uptake

2. Chondral Tissue

3. Fibroid Tissue – never uptakes 

Primary Bone Malignancies: (MOCE)

· Multiple Myeloma – Raindrop skull, normal alkaline phosphatase

· Osteosarcoma – (metaphysis) in the knee, increased alkaline phosphatase

· Chondrosarcoma – Malignancy of the hand

· Ewing’s Sarcoma – (diaphysis) fever, saucerization

Blastic:

· Prostate

· Carcinoid

· Hodgkin’s

Ivory Vertebra:

· Hodgkin’s Lymphoma – (20 – 40 yoa) – Anterior scalloping

· Blastic Mets (45+) – Small vertebra

· Paget’s (50+) – Large vertebra

Skull:

1. Lytic

a. Raindrops ( Multiple Myeloma

b. Multiple & Different Sizes ( Mets

c. Circumscripta ( Paget’s

2. Cotton-Wool ( Paget’s

3. Sinus ( Osteoma

Posterior Scalloping:

· Achondroplasia – d/t dural ectasia

· Marfan’s – d/t dural ectasia

· Neurofibromatosis – d/t masses

Acroosteolysis:

· Pyknodysostosis

· Scleroderma

· HPT

Shepherd’s Crook Deformity:

· Pyknodysostosis

· Paget’s

· Fibrous Dysplasia

Brittle Bone Diseases:

· Osteogenesis Imperfecta

· Osteopetrosis

· Pyknodysostosis

Wormian Bones:
· Cleidocranial Dysplasia

· Pyknodysostosis

· Osteogenesis Imperfecta

Osteosarcoma & Ewing’s:

· 10 – 25 yoa

· Cannonball

· Hair-on-end periosteal reaction
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