INTRODUCTION
1. Embryology
a. Development involves mesoderm/homeobox genes
i. Week 3: mesoderm segments into somites ( dermomyotome (laterally) and sclerotome (medially)
ii. Week 4: formation of limb buds/apical ectodermal ridge + resegmentation of somites
1. Vertebrae: caudal part of sclerotome joins cranial part of adjacent sclerotome ( nerves exit btw
2. Disks: notochord ( nucleus pulposis, sclerotome ( annulus fibrosis
iii. Week 5: hyaline cartilage in limb buds + digital rays (w/ apoptosis of cells btw, otherwise ( syndactly)

iv. Week 6: hyaline cartilage in vertebrae

v. Week 7: gradual ossification

vi. Week 8: joint rotation, normal joint fxn req motion in utero
2. Bone

a. Functions
i. Mechanical, protection of organs/bone marrow, mineral reservoir (stores 99% of body’s Ca)
b. Types

i. Cortical: outer layer, dense/compact which resists bending
ii. Cancellous: inner layer, spongy which resists compression, metabolically more active, vertebra/pelvis/ends long bones
c. Structures
i. Diaphysis: shaft of a long bone
ii. Epiphysis: end of a long bone
iii. Metaphysis: region just proximal to growth plate

iv. Physis: aka growth plate, essentially calcified cartilage, AVASCULAR, closes at puberty
v. Periosteum: outer surface of cortex, attached via sharpeys fibers, fibrous tissue containing osteoprogenitor cells
vi. Endosteum: inner surface of cortex
vii. Matrix: organic (95% type I collagen, resists pulling) + inorganic (hydroxyapatite crystals, resists compression)
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Cell types

i. Osteoprogenitor: found inner peri/endosteum, essentially fibroblasts that can become osteoblasts

ii. Osteoblast: synth osteoid (plump cells adjacent to it), initiate mineralization, activate oCl thru RANK-L
iii. Osteocyte: mature oB, sit in lacunae, communicate with adjacent osteocytes via canaliculi 
iv. Osteoclast: resorbs bone ( Howship’s lacuna, derived from monocytes (multi-nucleated) 
1. Aging ( decreased ability of oB to refill a Howship’s lacuna ( osteopenia
e. Growth

i. Appositional, i.e. only forms on pre-existing substrate (calcified cartilage or bone)
ii. Intramembranous – flat, non weight bearing bones (ex) skull

1. Mesenchyme aggregates ( progenitor cells ( oB ( osteoid synth (mineralizes ~10d)
2. Immature woven bone is eventually replaced w/ lamellar bone

iii. Endochondral – everything else

1. Cartilage degenerates/calcifies ( primary ossification center in mid-diaphysis
a. B-vessels/osteoprogenitor cells invade and begin to deposit immature bone on calcified cartilage
b. 5 zones: resting cartilage, prolif*, hypertrophy*, degeneration, ossification      *elongation

c. Newest bone develops at the physis and migrates away toward diaphysis

2. Secondary ossification occurs w/in epiphysis
3. Immature woven bone is eventually replaced w/ lamellar bone

4. Growth plates ossify at adolescence and continuity is established btw epiphysis/metaphysis
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Maturation

i. Woven bone (normally only seen in fetal devl’p, at growth plate, and fracture repair) ( lamellar bone
1. Concentric type: organized into osteons
a. = Haversian canal, concentric lamella, osteocytes in lacuna, canaliculi
2. Trabecular type: forms cancellous bone

ii. Both the cancellous and cortical bone are made of lamellar bone
iii. Histo: uniformly arranged osteocytes + parallel collagen in perpendicular layers
g. Remodeling
i. Coordination of bone resorption and bone formation, a continuous process based on mechanical/metabolic demands
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Joints
a. Diarthroses: freely movable (ex) hip
i. Hyaline cartilage

1. Synth by chondrocytes, primarily H2O/type II collagen/proteoglycans

a. Proteoglycans attract H2O, which resists compression
b. Aging ( loss of water content and thus loss of load-bearing ability

2. Avascular (depends on synovial fluid for nutrition)
3. Lines the ends of all bones w/in a synovial joint

ii. Synovial membrane: lines inner surface of joint capsule but not over hyaline cartilage
iii. Synoviocytes: synth synovial fluid (hyaluronic acid) + mediate nutrient/waste exchange btw avascular joint cavity/blood
iv. Fibrous cap: surrounds all of the above
b. Amphiarthrodial: limited mobility (ex) interverterbral disk

i. Annulus fibrosus (fibrocartilage) + nucleus pulposis (gelatinous core of proteoglycans, thus resists compression)

c. Synarthroses: minimal mobility (ex) skull
d. Other structures: muscles, ligaments, fibrous capsule all = supporting structures for joints
RADIOLOGY
1. Bone marrow

a. Red: hematopoietically active, intermediate signal on T1, 40/40/20 (H20/fat/protein)
b. Yellow: hematopoietically inactive, high signal on T1 due to high fat content; 15/80/5 (H20/fat/protein)
c. Adult marrow pattern by 25y – []’ed in axial skeleton + prox femur/humerus
2. Osteoporosis
a. After 40y, cortex thins + cancellous bone becomes weaker (remaining bone is structurally normal)

b. Increased resorption ( osteopenia and/or fractures
c. Dx
i. Xrays useful to visualize radiolucency or fractures, but better dx by bone density scan
ii. Fractures common in vertebra, femoral neck, ribs, humerus, wrist

1. Vertebral fractures = wedging, concavity, compression
2. Multiple wedging fractures in thoracic spine ( senile kyphosis

3. Schmorl’s nodes: protrusion of IVdisk into vertebral body
3. Degenerative joint dz
a. Due to genetics, obesity, increasing age, gender (M younger, F older), inactivity/overactivity, endocrine disorders
i. Local factors contribute (ex) repetitive trauma in athletes, lig laxity in Marfans or pre-existing conditions like RA, gout
b. 4 radiographic abnormalities to look for

i. Cartilaginous: loss of cartilage ( loss of joint space, esp in weight bearing joints 

ii. Sclerosis: deposition of new bone (radio-opaque)

iii. Cysts: round, radiolucent areas w/ sclerotic border

iv. Osteopytosis: bone spurs, esp in areas of low stress
c. Location specific changes
i. Hand: think osteophyte formation, sublaxation, ankylosis
1. Heberden’s nodes (bony enlargement in DIP) vs Bouchard’s nodes (bony enlargement in the PIP)
ii. Hip: think joint space narrowing, usually superiorly
iii. Shoulder: think osteophyte formation, rotator cuff degeneration
iv. Knee: think sublaxation (tibia goes lateral), loose bodies
v. Spine: 
1. Intervertebral osteochondrosis: deH2O of n. pulposis ( clefts (radiolucent) + decreased disk height 
2. Spondylosis deformans: osteophytes, esp on R thoracic 
3. Degenerative spondylolisthesis: displacement of one verterbra on another, usually anterior, usually lower lumbar

4. IV disk displacement: 

a. Ant/lat: seen w/ spondylosis deformans (subsequent osteophytic change)
b. Post: seen w/ intraspinal herniation (can impinge cord = bad)
c. Sup/inf: e.g. Schomorl’s node (benign)
PEDIATRIC ORTHOPAEDICS
1. Spine review
a. Cervical: 7 vertebrae + 8 nerves, lordosis, occiput/C1 – flex/ext, C1/C2 – rotation

b. Thoracic: 12 vertebrae/nerves, kyphosis, much stiffer

c. Lumbar: 5 vertebrae/nerves, lordosis, SC ends @ L2 as conus medullaris (nerves cont. as cauda equine)

d. Sacral: 5 vertebrae/nerves, kyphosis, ossifies in puberty thus no motion

e. Coccyx: vestigial

f. IV disks: named for vertebrae they separate (e.g. L4-5 disk)

i. Nucleus pulposis: gel core, HI gags + HI H2O = shock absorber

ii. Annulus fibrosis: HI type I collagen = tensile strength

2. Cervical pathology
a. Atlanto-axial instability: due to ligament laxity, see floppy neck, assoc w/ Trisomy 21 & juvenile RA

b. Klipple-Feil: fused cervical vertebrae due to failure of somite segmentation, see webbed neck/low hairline, assoc w/ renal, brainstem, and congenital heart abnormalities 
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Os Odontoideum: bony ossicle on dens, often silent, assoc w/ trauma

d. Trauma: usually occurs in upper C-spine, which is almost always fatal

3. Thoracolumbar pathology
a. Idiopathic scoliosis: lateral + rotational deviation in coronal plane
i. Most common is R thoracic curve in adolescent girls, usually painless, brace if curvature >30˚
ii. Left thoracic curve is seen in infants and indicates other major congenital defects
b. Neuromuscular scoliosis: lateral deviation only, assoc w/ cerebral palsy, muscular dystrophy
i. Less common but more severe than idiopathic

ii. Often involves lungs – pneumonia is common & freq cause of death

c. Congenital scoliosis: abnormal formation of vertebrae, most common congenital spinal disorder
i. Usually unilateral unsegmented bar (one side of multiple vertebrae are fused)

d. Congenital kyphosis: abnormal formation of vertebrae, defect seen in sagittal plane
e. Scheuermans dz: hyperkyphosis that does not correct w/ extension, adolescent males
f. Spondylolysis: fatigue fractures due to repeated hyperextension, gymnasts/lineman, Scotty dog sign
4. Pediatric osteomyelitis

a. Etiology: hematogenous spread, blood pools in metaphyses ( bacterial growth, rarely crosses growth plate 
b. Clinical: fever, localized pain, child refuses to move limb, elevated white count, +cultures, bone destruction on xray if very late

i. Periosteal lifting: pus from infection pools between periosteum and outer cortex

c. Most common organism for ALL age groups is staph aureus
i. See group B strep/Neissera in newborns, salmonella in sickle cell
d. Tx: IV antibiotics
e. If infection breaks into adjacent joint ( septic arthritis = surgical emergency that requires immediate drainage
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Pediatric fractures

a. Most fractures occur at the growth plate, which is hard to see on xray
b. Patterns = Salter Harris classification
i. Type 1: fracture through physis

ii. Type 2: through the physis and into metaphysic

iii. Type 3: through the physis and into the epiphysis

iv. Type 4: through the metaphysis, physis, and epiphysis

v. Type 5: physis crush injury

c. Greenstick (bending) and Torus (compression) are pediatric specific fractures
6. Hip disorders
a. Congenital dysplasia: dislocated hip(s), easily tx if diagnosed early

i. Most common in infant girls, 1st born, breech birth
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Otterloni test – starts dislocated, can reduce it vs Barlow test – can passively dislocate

iii. Tx is Pavlic harness

b. Legg-Calve-Perthe’s dz: essentially hip AVN – vascular insult to femoral head ( osteonecrosis

i. Most common in Caucasian boys, younger have better px

ii. Hip pain, decreased ROM (esp internal rotation), xray crescent sign 
c. Slipped capital femoral epiphysis: 

i. Most common in tall, obese adolescents

ii. Pain, xray melting ice cream cone
METABOLIC BONE DZ
1. Osteoporosis: low bone mass (remaining bone is normal, just less of it)
a. Epidemiology

i. F>M, silent until fractures occur (vertebral, hip, Colle’s)
ii. Type 1: menopause associated, most bone loss occurs w/in 5 years of onset, ( vertebral/Colle’s injuries

iii. Type 2: aging associated, affects both cancellous/cortical bone, ( proximal femur injuries

iv. Both associated w/ fragility fracture = fracture from a fall at standing height or less in areas high in cancellous bone

b. Pathophys

i. Abnormality in which bone resorption > bone formation ( thinning of cancellous > cortical bone
c. Risk factors (genetic and environmental)
i. Female, post-menopausal, thin, Caucasian/Asian, family hx, lo estrogen/VitD/Ca, concurrent illness (RA, malabsorption)
ii. Specific drugs = corticosteroids, diruetics, anticonvulsants
d. Recommended calcium intake = 1200-1500mg/day, Vit D intake = 400-800IU/day (1000 if cold weather climate)
	HORMONE
	MOA
	EFFECT

	Calcitonin
	-clasts
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formation

	PTH HI
	+blasts ( +clasts
	loss

	PTH LO
	+blasts ( +collagen 
	formation

	Calcium
	-PTH, +calcitonin
	formation

	Vit D
	+Ca absorption, +mineralize bone
	formation

	Estrogens
	-blast cytokines ( -clasts
	formation

	Androgens
	+blasts
	formation

	Glucocorticoids
	-blast formation, -Ca absorption, +renal Ca loss
	loss


e. Dx 

i. Labs: Ca/P levels, VitD levels, renal fxn (urine NTX)
1. If NTX <14 = low bone turnover, if >40, high bone turnover
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Bone marrow density (not Xray) measures bone loss 
1. DEXA scan is gold standard, measures density (g/cm2) in wrist, lumbar spine, & hip
a. T score: stdev from peak bone mass from for a given gender/ethnicity
b. Z score: stdev from others of some age/gender/ethnicity
2. Interpretation (via T-score)
a. w/in 1 SD = normal

b. btw 1 & -2.5 SD = osteopenia

c. > -2.5 SD = osteoporosis

d. > -2.5 SD + fragility fractures = severe osteoporosis

e. Fragility fractures trump everything else, if you had one, it’s osteoporosis

f. Several sites should be measured to arrive at an accurate mean BMD level, use worst measurement
f. Tx
i. Prevention: build up peak bone mass via calcium/VitD supplementation, wt bearing exercise, ( EtOH/smoking/caffeine
ii. HRT: risk of breast cancer
iii. SERMs: Raloxefine, anti-estrogen in breast, pro-estrogen in bone, SE = risk of clotting, menopausal sx
iv. [image: image9.jpg]


Bisphosphonates
1. Alendronate, residronate, ibandronate

2. Analogs of pyrophosphate, decrease bone turnover by inhibiting resorption
3. Not well absorbed, only used in pts with severe osteoporosis (NTX >40)
v. Recombinant PTH: Teriperitide, rebuilds bone
2. Osteomalacia/rickets and Pagets are diseases in which abnormal bone is present (vs normal in osteoporosis)

	
	RICKETS/OSTEOMALACIA
	PAGETS

	Definiton
	Failure/lack of Vit D ( defects in bone mineralization

	Viral infection (paramyxo) of oCl ( woven bone replacing lamellar bone

	Clinical Features
	Pain, deformities (knock-knees, windswept knees, bowed legs), myopathy

	Affects middle aged men
Characterized by enlarged, painful, brittle bone
   (bone is calcified but it’s woven so very fragile)
Fragility fractures, arthritis, frontal bossing

	Findings
	Distortion of columnar arrangement of chondrocytes

Delayed/absent calcification in zone of maturation

Unmineralized osteoid
	Vascular steal: blood shunted away from vital organs
Osteosarcomas: 30x greater risk
Alkaline phosphatase increased
Cranial nerve palsies as skull enlarges (hearing aid)

	XRay
	Widening of growth plate
Looser zones: unmineralized osteoid that resembles fracture
	Mixed areas of lytic and sclerotic bone
Thermogram: red/yellow due to hi blood flow

	Treatment
	VitD supplementation
	Bisphophonates: ( oCl apoptosis
Symptomatic pain relief


OSTEOPOROSIS PHARM

1. Tx goal: increase BMD and reduce bone fractures
	DRUG
	MOA
	INDICATIONS
	PEARLS

	Ca/Vit D Supplements


	Replenishes low levels (low Ca ( PTH, +oCl)
	19-50y: Ca 1000mg, VitD 800IU

50+, post-menopause, have dz: Ca 12-1500mg, VitD 1000IU
	Decrease absorption of bisphosphonates 
Vit D increases Ca absorption from gut

Should be taken w/ food

	Bisphosphonates

     -dronates

	(-) resorption by oCl

 (interfere w/ mevalonate pathway ( apoptosis)
	1st line 
Increases BMD
Decreases all fractures
	Poor absorption – take in am w/ NO FOOD for 30m
GI SE prevented by standing at least 30m after
Jaw necrosis in cancer patients

Effects persist after d/c of drug

	Calcitonin
	(-) resorption by oCl
	2nd line

Less effective than bisphosph
	Intranasal route ( Rhinitis/epitaxis 
Normally released by C cells of PT when Ca is high

	Teriparatide
	(+) oB if intermittently given 
	Severe osteoporosis (hx of fracture or failed other tx)
	No synergistic effect w/ bisphosph
Contra in Pagets/others at high risk of osteosarcoma

	SERMs
     -Raloxifene
	pro-estr on bone + anti-estr on breast/uterus

	2nd line

Increases BMD
Decreases vertebral fractures
	Hot flashes

Thromboembolic disease (contra in bedridden)
Useful for those unwilling to comply w/ bisphosph

	Estrogen
	Replenishes low levels
	Post-menopause - if all else fails
	Increased risk b-cancer, stroke, CAD, THB-emboli


BONE & SOFT TISSUE TUMORS
1. Nomenclature
a. Prefix: mesenchymal (ex) fibro, chondro, osteo, lipo, rhabdomyo

b. Suffix: potential (ex) oma, sarcoma

c. (ex) malignant tumor of bone = osteosarcoma

2. Clinical history for sarcomas often includes pathological fractures – thus, acute onset of bone pain
3. Bone tumors 

a. Benign - small, delineated, non-destructive vs malignant - large, infiltrative (often into surrounding soft tissue), destructive 
b. Primary: common in children/young adults, tend to be in long bones, usually solitary, BOTH grade/stage necessary for px
Hematopoetic
	TUMOR
	CLINICAL
	RADIOLOGICAL
	PATHOLOGICAL

	Multiple Myeloma
	Elderly pt w/ back pain
Monoclonal IgG spike

Urine Bence-Jones prot (light chains)
	Lytic lesions in axial skeleton

	Plasma cells tumor

Rouleaux formation (sticky RBCs)



Non-hematopoetic
	TUMOR
	CLINICAL
	RADIOLOGICAL
	PATHOLOGICAL

	Osteoma
	Slow growing bony mass
	Usually found on skull
	

	Osteoid Osteoma
	Adolescent M, lower extremity, bone pain worse @ night, NSAIDs relieve
	Small, well-delineated radiolucent mass w/ surrounding sclerosis
	Central nidus (woven bone) w/ surrounding reactive bone growth

	Osteochondromas


	Adolescent M, slow growing

May be hereditary (AutoD)
	Bony stalk, mushroom shaped @ knee

	“Rogue physis” ( outward growth

Cartilage cap

	Endochondroma
	Adults

Assoc w/ Olliers, Maffuccis syndrome
	Intramedullary radiolucent masses ( enlarged, puffy bones, esp fingers
	Benign hyaline cartilage w/in bone

	Fibrous cortical defect
	Children

Small, often regresses
	Multilocular radiolucent mass, esp in long bones of lower extremity
	Whorls of benign fB w/ surrounding reactive bone growth

	Non-ossifying fibroma
	Children

Large, often persists
	Multilocular radiolucent mass, esp in long bones of lower extremity
	Whorls of benign fB w/ surrounding reactive bone growth

	Fibrous Dysplasia
	Children, usually monostotic

McCune-Albright: polyostotic + café-au-laits + hypersexual
	Ground-glass mass found in any bone
	Mix of benign fB + immature bony trabeculae

	Solitary Bone Cyst
	Children
	Radiolucent unilocular cyst
	Filled w/ fluid

	Aneurysmal Bone Cysts
	Children
	Multilocular cyst w/ surrounding sclerosis
	Filled w/ blood

	
	
	
	

	Osteosarcoma
	Adolescent M, adult w/ Pagets
Affects metaphysic, usually knee
Hematogenous spread to lungs

Assoc w/ mutations in Rb, p53, etc
	Codman’s Triangle: lifted periosteum

Hemorrhagic, mineralized, ( soft tissue invasion


	HI grade
Destructive, invasive lesion 
Undifferentiated cells + osteoid
Increased alk phosphatase

	Chondrosarcoma
	Older adults

Affects proximal skeleton (pelvis)
	Similar to osteochondroma w/ multilobular mass growing outward
	LO grade

Malignant chondrocytes (huge)

	Giant cell 
	Young women

Affects epiphysis, usually knee
	Radiolucent area that has crossed the closed physis
	oCl giant cells

“Soap-bubble” appearance

	Ewings/PNET
	Children

Translocation 11:22 

Affects diaphysis
	Huge mass that has invaded soft tissue
	HI grade

Small blue cell tumor

“Onion-skin” appearance
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Metastatic: more common than primary, common in older adults, usually multifocal
i. 5 carcinomas that most commonly met = breast, prostate, lung, kidney, thyroid 

ii. Osteolytic (degrade bone) ( clear X-ray bone segment w/ no margin (no sclerosis)
iii. Osteoblastic (produce bone) ( hyper-signal on xray, only oB met is prostate!!
iv. Complications: bone pain, pathologic fractures (often how pt presents)
1. HyperCa if osteolytic (as bone is broken down)

2. Pancytopenia if osteoblastic (as tumor replaces marrow)
4. Soft tissue tumors

a. Benign – more common, subQ, easily resectable vs malignant – dermal/retroperitoneal, req wide exicision, middle aged adults

	TUMOR
	CLINICAL
	PATHOLOGICAL

	Lipomas
	Soft, subQ mass of fat
	Normal appearing adiopocytes

	Benign fibrous histiocytoma
	Firm, mobile subQ mass
	Uniform histiocyte-like cells

	Neurofibroma
	assoc with NF1, ( risk malignancy
	Inside nerve 

	Schwannoma
	assoc with NF2
sx due to compression of adj nerve
	Around nerve

Antoni A (palisades)/B (hypocellular)

	
	
	

	Liposarcoma
	Deep mass of fat
	Immature adiopocytes

	Malignant fibrous histiocytoma
	Most common adult soft tissue sarcoma

	Pleomorphic histiocyte-like cells

	Rhabdomyo-sarcoma
	Most common pediatric soft tissue sarcoma
Embryonal (myxoid mass in vagina), alveolar
	Immature skeletal muscle cells

	Synovial sarcoma
	Highly aggressive tumor arising near joints
	

	Leiomyoarcoma
	Deep, firm mass of smooth muscle cells
	


SYNOVIAL FLUID ANALYSIS
1. Fluid = plasma transudate + synoviocyte secretions (GAGs, which give fluid viscosity
a. Type A synoviocytes: MΦ (clean) + type B synoviocytes: fibroblasts (secrete)
b. Should be clear, viscous, and pale yellow
2. Abnormalities
a. Inflammation: WBCs >1000
i. If 1000-50,000 = non-infectious inflammation

ii. If >50,000 = infectious inflammation

iii. Acute = PMNs >75%, subacute = PMNs <25%, chronic = lymphos

b. Blood: any - due to trauma, tumors, or bleeding disorder

c. Particles: any
i. Wear particles – cartilage fragments that have broken off 
ii. Rice bodies – ischemic particles of synovium that float around with fibrin
iii. Joint mice – aka osteochondritis, little calcified bodies
d. Non-viscous: seen in most inflammatory pathology
3. 3 tests = cell count and differential + crystal analysis + gram stain and culture
4. Crystal analysis
a. Polarizing microscope = polarizer + analyzer (cancels light) + 1˚ red plate compensator (bifringent crystal, gives red background)
i. Birefringence: property of a crystal as it splits polarized light into fast and slow rays
ii. Crystals are oriented to slow ray of red plate compensator
1. Slow ray of crystal is parallel to slow ray of compensator ( additive color (+bifringence), appears blue
2. Fast ray of crystal parallel to slow ray of compensator ( subtractive color (-bifringence), appears yellow
b. Uric acid crystal (gout)
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Fast ray is along long axis of the crystal, slow ray along short axis ( strongly negatively bifringent
1. UPaYPeB - Uric acid Parallel Yellow, Perpendicular Blue
ii. Needle shaped
c. CPPD crystal (pseudogout)

i. Opposite of uric acid crystal ( weakly positively bifringent
ii. rhomboid shaped

SEPTIC ARTHRITIS
1. Infection of joint, either by direct extension (trauma), hematogenous (most common), or lymphatics
2. Pathogens
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Gonococcal: sexually active young adult (infxn from genitals ( blood ( joint)

b. Non-GC: staph aureus (most common in all age groups)

i. Streptococcus is 2nd most common
ii. Gram negatives seen in elderly

iii. Pseudomonas, serratia, MRSA seen in IV drug users
3. Risk factors for non-GC: immune defc’y, elderly, co-morbid dz, pre-existing arthritis (RA)
4. Clinical

a. Red, hot, swollen joint that is monoarticular and extremely painful (pt will not move it/in mid-flexion)
b. Knee is most common
c. Hip/shoulder = surgical emergencies, delay ( irreversible joint destruction 
i. Joint spaces, cartilage, and bone are all destroyed
d. Tapped joint: opaque, watery due to pus (WBC >50,000 w/ left shift)
5. Workup:  aspirate joint, gram stain/culture to id the pathogen, empiric antibiotics until gram stain comes back
a. Non GC: tap daily to check for LIVE organisms & if WBC is decreasing (if no improvement after 7d, need to open joint/clean it out) 

b. GC: culture is often negative unless you specify for chocolate agar

	
	Dx
	WORKUP
	Tx

	Gonococcal 
	Young, sexually active
Tenosynovitis
Pustular lesions in palms/soles
	Tap joint: WBC high (50-100K)
Xray to determine ˚ of destruction

Culture cervix/throat/rectum
	IV abx until better, then PO 
Rapid resolution seen w/in 2 days
Screen for hep B/C, HIV, chlamydia

	Non-Gonococcal 
	Red, hot, swollen joint
	Tap joint: WBC high
Xray to determine ˚ of destruction
	Empiric abx, fine tune after culture

	Tuberculosis 
	Warm joints (not hot/red)
Large cystic changes on xray
	Culture negative, all lymphos
Synovial biopsy needed!!
	


GOUT
1. Definition: intermittent acute arthritis, due to buildup of uric acid crystals 
2. Epidemiology: think obese, diabetic, HTN middle aged man whose diet is lots of redmeat/EtOH, exacerbated by stress (post-MI/stroke)
3. Pathogenesis

a. End pdt of purine metabolism is uric acid (via xanthine oxidase) – since humans lack uricase ( hyperuricemia
i. Overproduction usually due to high purine diet
ii. Underexcretion usually due to renal failure (2/3 of urate is excreted via kidneys), thiazides/low dose ASA
b. Excess uric acid gets deposited in tissues ( tophi formation (huge deposits of crystals, GROSS)
i. Crystals coated by IgG: antigenic, attract neutrophils which bind Fc ( cell rupture and inflamm mediator release

ii. [image: image13.jpg]Acute gout with erythema (redness) of th
great toe joint.



Crystals coated by ApoE: not antigenic, just hang out
c. 4 types of assoc renal disease
i. Uric acid stones 
ii. Uric acid nephropathy – due to deposition of crystals in renal interstitium ( proteinuria
iii. Tumor lysis syndrome – due to chemotherapy + hyperuricemic state, not gout
iv. Lead nephropathy – aka Saturnine gout, due to that ol’ homemade moonshine
4. Clinical
a. Asymptomatic hyperuricemia: >7mg/dl in men, >6mg/dl in women, always check serum urate!
b. Acute gouty arthritis: hallmark = podagra, a red, hot, swollen first metatarsal
c. Chronic tophaceous gout: hallmark = tophus, a conglomerate of uric acid found on hands, elbows, ear-lobes
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XRays

a. radiolucent erosions with overhanging margins due to tophi eroding into bone, “bites out of the bone”
6. Dx

a. Intermittent, oligo (occurs on different body parts) acute arthritis

b. Labs: elevated serum uric acid, always check renal fxn/urinanalysis
c. Xray: erosions with overhanging margins

d. Tap joint: increased WBC with intracellular MSU crystals (UPaYPeB)
7. Tx
a. Acute attack: mitigate via intra-articular steroid injection, NSAIDS
i. DO NOT use IV colchicine or PO allopurinol for acute attack!!  Only prolongs/worsens.
b. Chronic, i.e. prophylactic: low purine diet + colchicines/allopurinol
c. Experimental

i. PEG-uricase: exogenous uricase that dramatically decreases uric acid levels, good for pts allergic to allopurinol

ii. Febuxostat: xanthine oxidase inhibitor that prevents formation of uric acid, good for pts allergic to allopurinol
PSEUDOGOUT
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Definitions: chondrocalcinosis + recurrent inflammatory arthritis 
a. Chondrocalcinosis: buildup of CPPD crystals w/in cartilage ( calcification
2. Epidemiology: think elderly women with acute arthritis in one knee, exacerbated by stress (post-MI/stroke)
a. if pt is <45 this is red flag, do more tests as could be due to an underlying dz
3. Pathogenesis
a. Abnormal pyrophosphate metabolism by chondrocytes ( CPPD crystal formation which are shed into joint cartilage
b. PMNs engulf but don’t digest ( inflammatory mediators release ( hot/swollen joint (acute arthritis)
4. Clinical Features

a. Red, hot, swollen joints: resembles septic arthritis so must rule this out by tapping joint (pseudo WBCs <50,000)
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Intermittent, oligo, acute arthritis: resembles gout so must rule this out by xray changes 

c. Xray: chondrocalcinosis (cartilage appears white, normally radiolucent!)

i. Hyaline cartilage of knee/shoulder = linear densities vs menisci = punctuate densities
d. Pyrophosphate arthopahy: 2˚ arthritis that develops in joints damaged by chondrocalcinosis

i. Attacks lateral knee ( genu valgus
5. Work Up

a. Tap the joint, xray

6. Dx: essentially all the clinical features described above + weakly +bifringent rhomboid crystals

7. Tx: similar to gout
a. Acute: intra-articular steroid injection
b. Chronic: NSAIDS

	GOUT
	PSEUDOGOUT

	Lower body first, esp first metatarsal
	Knee (genu valgus) + upper body/shoulder (never in gout)

	Erosions of bone (radiolucent) 
	Calcifications of cartilage (radiodense)

	Tenosynovitis is common
	Tenosynovitis is rare

	Middle aged man, HTN, red meat/EtOH, renal probs, hospitalization
	Older woman, hospitalization (<45 do additional tests)

	MSU crystals w/in synovial fluid
	CCPD crystals w/in cartilage, joint space narrowing, subchon sclerosis

	Due to overproduction/under-excretion of MSU
	Due to pyrophosphate breakdown abnormality by chondrocytes


GOUT PHARM
1. NSAIDs 

a. Prevent prostaglandin synthesis from arachidonic acid by inhibiting COX1 and COX2 enzymes
i. COX1 is expressed in GI/platelets and ( TXA2, which is responsible for gastroprotection and platelet aggregation

ii. COX2 is expressed in macrophages ( prostaglandins, which are induced by and promote inflammation
b. ASA is an NSAID which irreversibly (-) COX enzymes via acetylation, useful as anti-plt drug as well

2. Tx goal of acute gout is to reduce inflamm/pain

a. NSAIDs (first line), corticosteroids, or colchicine (if its less than 48 hours)

3. Tx goal of chronic goat is prophylactic via reduction of serum urate levels

a. Indicated if pt has severe/frequent attacks of gouty arthritis, uric acid nephrolithiasis, or highly elevated uric acid >10mg/dl

b. Dietary: avoid alcohol, meats

c. Rx: allopurinol (for overproducers), probenacid (for under-excretors), colchicine (prevents phago, thus prevents attacks)
4. Tumor Lysis Syndrome: chemotherapy ( massive tumor cell death/turnover ( release of uric acid ( crystallization in tubules ( ARF

	DRUG
	MOA
	INDICATION
	PEARLS

	NSAIDs

     Indomethacin
     ASA
     Ibuprofin

     Naproxen

     Ketorolac (IV)
	(-) both COX1 & COX2

	Analgesic, anti-inflamm
Prophylaxis for MI, stroke, etc 
Acute gouty arthritis 1st line 
Pseudogout 1st line 
	( GI blood flow and mucus production ( GI upset 
Peptic ulcers (give PPI as prophylaxis)
Acute renal failure (PG maintain blood flow)
Na/H2O retention (avoid in CHF)

Elderly pts @ risk (poor metabolism, confusion)

Reye’s Syndrome (contra in kids w/ viral infxn)

	COX-2 (-)
     Celecoxib
	Irreversibly (-) COX2
	Analgesic, anti-inflammatory

Less GI toxicity
	Risk of thrombotic cardiovascular event

	
	
	
	

	Colchicine
	(-) phago of crystals

	Acute gouty arthritis (w/in 48h)
Gout prophylaxis
	GI upset, bone marrow suppression
Contra in severe renal failure (cleared renally)

	Corticosteroids
     Prednisone
	(-) AA synth, thus (-) PG synth 
	Acute gouty arthritis 2nd line

	Hyperglyc, H2O retention – contra in DM, HTN, CHF
Route: intra-articular injection

	Allopurinol
	(-) xanthine oxidase ( reduction in uric acid
	Gout prophylaxis
Prevent Tumor Lysis Syndrome

Over-producers
	Can ( acute gouty attack (mobilizes tissue stores into joints), thus NEVER use during acute attack
DDI: Azathioprine & 6-mercaptopurine metab by XO, thus co-comminant use ( myelosuppression

	Probenecid
	(-) renal reabsorption of uric acid
	Gout prophylaxis
Under-excreters
	Not effective if pt has renal impairment
Significant DDI (ex) penicillin

	
	
	
	

	Rasburicase
	Converts uric acid to soluble allantoin
	Prevent AND treat Tumor Lysis Syndrome 
	Quickly corrects serum uric acid levels
Contra in G6PD


OSTEOARTHRITIS
1. Definition: non-inflammatory arthritis in which cartilage degeneration ( mechanical derangement of a local joint, “wear and tear”
2. Epidemiology: older, obese, +family hx, mechanical trauma or repetitive stress
3. Pathogenesis

a. Degeneration of cartilage components
i. Articular cartilage: Type II collagen, responsible for tensile strength + aggrecan, responsible for compression strength 
1. Aggrecan high in proteoglycans, which allow it to absorb water, essentially like a sponge
ii. Matrix proteins (maintained by chondrocytes) + metalloproteinases (breakdown the matrix)
b. Thinning of cartilage layer
i. Defects ( cracking/fibrillation ( loads are transmitted directly to bone ( subchondral sclerosis & subchondral cysts
c. Formation of osteophytes
i. Body’s attempt to repair bone, extend from out the joint, not covered by cartilage (that’s osteochondroma)
4. Clinical Manifestations

a. General

i. Mechanical joint pain (after using the joint for a while) + gelling (stiff after long periods of disuse) + ( ROM
ii. Bland swelling, disuse atrophy, morning stiffness <30m
iii. Local sx ONLY, tends to affects weight-bearing joints most
b. Hands: DIP = Hederdon nodules vs PIP = Bouchard nodules vs 1st C-MCP = squaring at base of thumb
c. Feet: bunions = bony enlargement of 1st MTP with hallix valgus (lateral deviation of big toe), exacerbated by footwear
d. Cervical spine: spinal stenosis from osteophytes + disk space narrowing
e. Lumbosacral spine: inferior/superior herniation of IV disk = Schmorls node
f. Knees: genu varus (bow leg, common), genu valgus (knock-knee), crepitations of knee joint due to grinding
g. Hips: impaired gait, pseudo-leg shortening (keep leg a little bent), often require a cane (clue!)
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X Ray Findings

a. Joint space narrowing (cartilage loss)
b. Osteophytes (bony enlargements)
c. Subchondral sclerosis

d. Subchondral cysts
6. Tx 
a. Non weight bearing exercise (ex) water aerobics 
b. NSAIDs (avoid in elderly), narcotics (avoid if possible)
c. Injections: intra-articular steroids, hyaluronic acid (lube)
d. PT/OT, splints
e. Surgery when all else fails
RHEUMATOID ARTHRITIS
1. Definition: chronic, inflammatory, erosive auto-immune arthritis (polyarticular/symmetric) ( permanent joint destruction w/ systemic sx
2. Epidemiology: Older women, often w/ concurrent heart dz
3. Pathogenesis

a. T helper cell activation (initiation) ( activated synovial MΦ ( cytokine release, esp TNF-alpha (propagation) ( lymphos recruitment to joint ( all kinds of activated immune cells + cytokines ( synovial proliferation (pannus) that destroys joint
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Genetic predisposition: HLA-DR1, HLA-DR4
c. RF = IgM Ab against Fc portion of IgG  ( immune complex formation (+ in 75%)
d. Anti CCP Ab is just as sensitive but more specific than RF (+ in 95%)
4. Clinical Manifestations

a. Joint Involvement
i. Symmetric, polyarticular, stiff (morning stiffness >1h), swollen, erosions, deformities, synovitis
ii. Assoc w/ Polymyalgia Rheumatica (stiffness in shoulders and hips girdles, can ( temporal arteritis)

iii. Hands

1. Ulnar deviation of hands w/ prominent ulnar styloid
2. Swan neck (extension of PIP, flexion of DIP) vs  boutiennere (flexion of PIP, extension of DIP)
3. Hyperextention of thumb IP 
4. Subluxation at MCPs (knobby shelf)
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Extensor tendon rupture of digits 4 & 5

6. Carpal tunnel w/ thenar atrophy
7. Decreased grip strength

iv. Shoulders: epaulet - squared shoulder, due to disuse atrophy of deltoid
v. Knees

1. Genus varus vs genus valgus vs windswept knees
2. Baker’s Cyst: swollen calf due to fluid accumulation behind knee (resembles DVT) + bruising at ankle base
vi. Hips: acetabulo-protrusio - hips migrating up and into pelvis (um, ouch?) 
vii. Feet: flat feet, eversion, toe deformities (cock up, hammer toe, hallux valgus), painful b/c weight goes directly on bone
viii. Cervical Spine: C1/C2 subluxation
1. Cervical myelopathy: transverse ligament degenerates, so when bending forward dens impacts into spinal cord
2. Think RA pt w/ muscle weakness in legs
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Request flexion & extension XRAY 

b. Prominent disuse muscle atrophy
c. Fatigue, malaise, weight loss
d. Skin

i. Rheumatoid nodule: bumps on extensor surfaces
ii. Vasculitis: late manifestation, can ( gangrene
e. Pulmonary: rheumatoid nodules in lung bases ( effusions, fibrosis – must monitor lung function
f. Cardiac: pericarditis
g. Hematologic: anemia of chronic dz

h. Felty’s Syndrome: RA + leukopenia + splenomegaly, recurrent staph infxns
i. Sjogrens syndrome due to lymphos in salivary/lacrimal glands ( dry eyes/dry mouth
j. [image: image22.jpg]Rheumatoid
arthritis

Normal
foot

of toes



Ocular: scleromalacia (blue eyes)
5. XRays
a. Joint space narrowing

b. Erosions due to pannus destruction
c. Peri-articular osteopenia 
d. NO osteophytes (breakdown, not buildup, in RA)
6. Tx

a. NSAIDs/COX2 (avoid in elderly)
b. Corticosteroids
c. DMARDs
i. Hydroxychloroquine: retinal toxicity, requires regular eye exam

ii. Methotrexate: 1st line, SE = hepatotoxity (contra in liver disease), aplastic anemia, stomatitis
iii. Anti TNFs (ENBREL): binds and (-) TNF
iv. Rituximib: anti CD20 Ab that binds B cells and prevents their response to (self) antigen
v. Azathioprine, Leflunomide
d. Adjunctive Therapy: PT/OT, keep them moving
DMARDS
1. Immunotherapeutic agents target key components of immune system (cytokines, T + B cells)

a. Pro-inflammatory cytokines: TNF-a, IL-1, IL-6 ( inflammation and are chemotactic for lymphocytes
2. Corticosteroids

a. Hormones secreted from adrenal cortex ( bind cytoplasmic glucocorticoid R ( complex goes into nucleus/attaches to DNA ( RNA transcription and synth of proteins that interrupt @ various steps of immune activation

b. Potent anti-inflamm/immunosuppressant used for many auto-immune dz (RA, SLE, scleroderma)

i. Used locally as intra-articular injection or systemically as bridge therapy

ii. MUST TAPER – abrupt w/d can ( HTN, shock

iii. Short acting = cortisone, intermediate = prednisone/prednisolone/tramcinolone, long acting = dexamethasone

c. Always try local first + use lowest possible dose + use agent w/ least mineralcorticoid effects DUE TO MANY SE

	SYSTEM
	SHORT-TERM SE
	LONG-TERM SE

	Cardio
	HTN
	Accelerated AS

	CNS
	Insomnia, jitteriness, increased appetite
	Memory impairment

	Endocrine
	Impaired glucose intolerance
	Growth retardation

	GI
	Gastritis
	GI bleeding

	GU
	Amenorrhea, infertility
	Same

	MSK
	Myopathy
	Osteoporosis

	Ocular
	
	Cataracts

	Skin/ST
	
	Skin thinning, acne, alopecia

	Other
	H2O/Na retention
	Weight gain, increased risk of infxn


3. DMARDs
a. Recommended early b/c can slow or stop progression of dz, along w/ sx relief
b. Caution in elderly (already immunosuppressed b/c of age), pregnancy (some teratogenic), req vaccination (no live vaccines!)

c. TNFa antagonists

i. HI infxn risk, thus caution in immunoΦ (ex) latent TB
ii. Contra in CNS demyelinating dz (ex) MS
	DRUG
	MOA
	INDICATION
	PEARLS

	Synthetic
	
	
	Caution w/ renal insufficiency in all synthetic 

	Methotrexate
	Folic acid antagonist (should suppl folate)
	1st line RA

	Hepatotox: abnormal LFTs, must stay hydrated

Contra in liver dz, alcoholics

Also GI upset, BM suppression, stomatitis

	Hydroxycholorquine
	Unknown
	Mild RA
Adjunct
	Retinal tox: req regular eye-checks
Contra in visual/renal/hepatic impairment

	Sulfasalazine
	( RF levels (sulfa drug, contra w/ sulfa ax)
	Mild RA
Adjunct
	Rash, HA, renal stones, GI upset (( by dose titration)
Yellow-orange discoloration of skin/urine

Reversible infertility in men

	Luflunomide
	(-) T cell prolif + B cell autoAb production
	Adjunct to MTX
If pt cannot tolerate MTX
	Pregnancy category X 
Wt gain, rash, GI upset, hepatotox

	
	
	
	

	Biologics
	
	
	

	Etanercept
	TNF-a antagonists
	If synthetics fail, adjunct to MTX
	HA, serious infxn

	Adalimumab
	TNF-a antagonists
	If synthetics fail, adjunct to MTX
	Anaphylaxis, malignancy, panctyopenia

	Infliximab
	TNF-a antagonists
	Adjuct to MTX
	HA, infusion rxn

	Abatacept
	Blocks intxn btw APC/T cell (binds CD80/86)
	3rd line if MTX/biologics fail
	Contra w/any TNF-alpha antagonist
COPD exacerbation

	Anakinra
	IL-1 R antagonist
	3th line (refractory RA )
	Contra w/any TNF-alpha antagonist

	Rituximab
	Anti-CD20 monoclonal Ab
	3rd line if MTX/biologics fail
	BP changes, rash, cough
Tumor lysis syndrome, fatal infusion rxns (1st worst)

	
	
	
	

	Calcineurin binding
	
	
	

	Cyclosporine

Tacrolimus
	Calcineurin antags ( (-) Tcell signal transd
	4th line (usually used to prevent organ rejection)
	Acute renal: ( in SCr/BUN, electrolyte abnormalities
CNS tox, esp tacrolimus

	
	
	
	

	Purine/Pyrim (-)
	
	
	

	Non-selective
	
	
	

	Azathioprine
	Analog of 6-mercaptopurine
	Severe refractory RA
	Hematotox
High malignancy rate

	Cyclophosphamide (cytoxan)
	Alkylating agent
	Severe refractory RA
	Substantial GI upset (its chemo, duh)
Hematotox

	Lympho selective
	
	
	

	Mycophenolate
	(-) lympho nucleic acid synth (neutro spared)
	Severe refractory RA
	Contra in preg
High malignancy rate


MSK TRAUMA/SPORTS MEDICINE
1. Fracture: any break in the cortex of a bone
a. Classification

i. Traumatic
ii. Fatigue due to repeated sub-maximal stress, often sports-related
1. Stress fx: tibia/calcaneus in runners, humerus in pitchers, wrists/L5 in gymnasts

iii. Pathological due to pre-existing lesions, often cancer/osteoporosis related
b. Patterns of injury

i. Indicates MOA and guides tx (reduction vs surgery)
ii. Transverse: straight across bone, due to direct force perpendicular to long axis of bone (ex) nightstick fracture
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Oblique: down and across, due to axial load (ex)
iv. Spiral: twists apart, due to torision (ex) 
v. Comminuted: smashed into many pieces 
1. Proximal humerus: classified by # of pieces (2part - simplest, 4part - comminuted, etc)
2. Proximal femur: classified by where they are in relation to hip (fem neck, subtrochanteric)
3. Distal tib/fib
a. Distal fibula only: lateral maleolus fracture

b. Distal tib+ fib: bi-maleolar fracture

c. Distal tib + fib + post tib: tri-maleolar fracture

vi. Greenstick: bending fracture, due to immature bone (ex) kids only
vii. Compression: usually affects metaphysic of lumbar spine, due to osteoporosis in old women
c. Stages of healing

i. Impact: determined by volume of bone being stressed and rate of loading of force

ii. Induction: hematoma formation
iii. Inflammation: PMNs then MΦ, oCl remove dead bone, capillaries reform inside hematoma 
iv. Soft callous formation: hematoma converted to chondroid matrix, fracture is clinically “stable”

v. Immature bone formation: fracture is “healed” (about 10 weeks)

vi. Bone remodeling: conversion to lamellar bone (years)
d. Sx: pain/unwillingness to move jt, swelling, deformity, abnormal mobility, crepitus, assoc injuries due to b-vessel/nerve damage
e. Dx

i. 2-plane xrays taken @ 90˚, preferably perpendicular to diaphisys
ii. CT best for spine/pelvic trauma

iii. Labs generally not helpful
f. Tx
i. Observation: most sprains/dislocations, toe injuries, lumbar compressions in elderly, bones stabilized by lots of muscle
ii. Cast immobilization: most wrist/ankle fx, pediatric fx, need 3 point fixation
iii. Traction: overcomes muscle pull to align fracture, only used as initial tx
iv. External Fixation: allows access to soft tissues (used for open fx), difficult to apply, freq infections

v. Internal Fixation: pins/screws ( rigid fixation w/ rapid healing, used for long bone fx/spine injuries
vi. Prostheses: appropriate if poor blood supply (intra-capsular hip), usually restricted to elderly
2. Dislocation: disruption of joint with loss of contact of articular surfaces aka luxation
a. Subluxation: disruption of joint but some articular surface contact
b. Described by location of distal bone
3. Fracture-Dislocation: fracture w/ accompanying dislocation

4. Sprain: rupture of ligaments of a joint w/o dislocation or subluxation
a. Lateral ankle sprains (anterior talofibular ligament) most common
b. Grade 1: microscopic damage only
c. Grade 2: stretched ligament + pain/laxity on exam
d. Grade 3: disrupted ligament  + pain/unstable joint
5. Sports injuries

a. Epicondylitis: medial affects wrist flexors, lateral affects wrist extensors, NSAIDS/rest/heat & ice/surgery rare

b. Rotator cuff injuries

i. 4 muscles: supraspinatus, infraspinatus, subscapularis, teres minor

1. Supraspinatus inserts anterior, travels thru coracoacromial arch

ii. Over-head activities – pitching, swimming, electricians, car mechanic ( inflamm ( impinge/tear of supraspinatus
iii. Sx: pain w/ overhead mvmt, esp lateral rotation/abduction
iv. Dx: X-ray first (ALWAYS), but MRI is gold-standard
v. Tx: rest, strengthening exercises, drugs, surgery

c. Plantar fasciitis: calcification (aka bone spur), extreme pain w/ ambulation, seen in marathoners, rest + NO steroid injections
d. Patellar overload syndrome: patellar misalignment, pain w/ climbing/squatting, rest + NO steroid injections
e. Knee ligament injuries (ACL/PCL worst b/c intraarticular, thus no blood supply and don’t heal) 

i. Collateral ligaments resist varus/valgus and stabilized by quads/patella
1. MCL/LCL injury due to medial or lateral force

2. Usually also have injury to meniscus

3. LCL assoc w/ peroneal n + popliteal a injury

ii. Cruciate ligaments resist AP forces/twisting forces
1. + ant/post drawer test

2. ACL + MCL + medial meniscus = unhappy triad

iii. Meniscal injuries: due to twisting, significant trauma, either knee locks (bucket handle) or gives way (post horn)

iv. MRI diagnostic, surgical tx controversial
f. Achilles rupture: middle-aged out of shape guy plays bball on wkend ( pop w/ severe pain

i. + Thompson Test (no plantar flexion if squeeze gastrocs)
g. Mallet finger: jam tip of extended finger ( flexed DIP, can’t extend
h. Tendons you NEVER inject w/ steroids: patellar, plantar fascia, Achilles, bicep

6. Complications of MSK trauma
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Fat embolism

b. Avascular necrosis

c. Post-traumatic arthritis
d. Malunion
e. Compartment syndrome 
i. Swelling ( tissue P > perfusion P  ( no perfusion

ii. Sx (6 Ps)
1. PAIN, out of proportion & w/ passive stretch
2. Pressure (>25 req emergency decompression)

3. Parasthesia 
4. Pallor

5. Pulseless (late finding)

6. Paralysis (really late finding)
iii. Tx

1. High index of suspicion – better to decompress too early than observe until too late
2. Decompression: long incision through fascia ( pressure release + outward bulging of muscle
7. Emergency Tx of MSK trauma
a. ABCs
b. Immobilization: less pain, less progression, used mostly for spine injuries (c-collar), midshaft femur fx (traction splint)
c. (ex) open fractures

i. Grade 1: <1 cm wound length, minimal soft tissue damage, does not req surgery
ii. Grade 2: 1-10cm, urgent surgery
iii. Grade 3: >10 cm, major soft tissue damage, emergency surgery

1. 3b: + gross contamination (think farm injury)
2. 3c: + arterial injury

8. Healing of MSK trauma
a. Soft tissue wounds heal with scar, bone fractures heal with bone

b. MANY medications (even NSAIDS) can inhibit/slow healing
c. Good vascular supply/perfusion is essential to bring nutrients/remove waste from active bone

d. Cancellous bone is more metabolically active, thus heals faster than cortical
e. Also age, hormone levels, stability affect healing
9. Types of imaging used
a. XRAY is ALWAYS first

b. CT for spine/pelvic trauma
c. MRI for soft tissue injuries

d. Arteriography for hip/knee fractures – need to check integrity of vasculature to prevent ANN
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VASCULAR/INFLAMM/INFXNS
1. Osteitis: infxn ONLY of bone (rare)
2. Osteomyelitis

a. Acute: infxn of bone, bone marrow, assoc tissue
i. Via direct inoculation (open fracture, nail through shoe) or bacteremia (septic IV line, catheter)

ii. +/- fever, localized pain (won’t move joint), purulent drainage

b. Chronic: inadequately treated acute osteomyelitis
i. Via trauma, local extension of soft tissue infxn (diabetic foot, IVDA)

ii. Fistula formation w/ localized pain, swelling, draining

c. Orgs: Staph aureas most common (sometimes MRSA), multiple organisms seen w/ diabetic foot
d. XRay: involucrum formation (sclerosis) around sequestrum (abscess, dead bone) aka Brody’s abscess

e. Tx: prevention!
i. Xray is always needed to determine degree of bone destruction

ii. Never bone biopsy b/c just poking around in infected soft tissue surrounding it

iii. Wide debridement, often amputation (only definitive tx)
3. Septic arthritis: infxn of joint

a. Via direct inoculation, hematogenous (kids esp), extension of osteomyelitis, Lyme dz

b. RF: corticosteroids/immunosuppressants, poorly controlled DM, sexual activity (( gonoccal), IVDA, bacteremia

c. Sx: Fever, exquisite pain w/ mvmt, hot/red/swollen joints

d. Labs: increased WBC w/ left shift, +aspiration/cultures

i. Remember that gonorrhea req chocolate agar for growth

e. Orgs: staph aureas most common, consider salmonella if sickle cell, TB/fungal

f. Tx: aspiration (to id org, must do BEFORE starting abx), may need surgery for open debridement

	SOFT TISSUE INFXN
	CLINICAL
	ORGANSIMS
	Tx

	Gas Gangrene
	Terrible odor
Gas in tissues on Xray
	Clostridium Perfringes
	SURGICAL EMERGENCY


	Tetanus
	Affects wounds with dead tissue
 (crust injuries, frostbite, soil contamination)
	Clostridium Tetani
	Tetanus toxoid

	Necrotizing Fasciitis
	Aggressive infection, causes major tissue loss and vascular collapse, can cause death
	Strep or polymicrobial
	WIDE debride, abx


4. Avascular Necrosis: death of bone due to lack of vascular supply (adult form of Legg-Calve-Perthes)
a. Most common location is hip/femoral head
b. Via trauma, HIV, arterial blood occlusion (sickle cell, caisson workers dz), corticosteroids, EtOH
c. Dx: pain in excess of extent of injury, decreased ROM, subchondral sclerosis, crescent sign (collapse of dead bone)
i. Regular Xray first, MRI is very expensive and not a screening test

d. Tx: early tx controversial, late tx is joint replacement
JOINT SURGERY
1. Septic Arthritis: need rapid dx, appropriate abx, adequate drainage/debridement
a. Staph aureas: very destructive, difficult to totally debride  vs  neisseria gonorrhea: relatively benign, often tx w/ only aspiration

i. Aspiration < arthroscopic debridement < open surgical drainage
b. Always start pt on broad spectrum abx and tailor following gram stain/culture results
c. Septic joint in a child is an orthopaedic emergency!!  Do not observe, immediate open drainage/abx if aspirate is +
2. Non-septic arthritis: meds (steroids, NSAIDS), wt reduction, PT/OT, lifestyle modifications (cane, ramps)

a. Continued observation is fine if patient is doing well w/ above tx

b. Surgical consult does not always mean surgery.  Sooner you consult, easier the surgery/faster the recovery time if it’s necessary.

c. Procedures that retain diseased cartilage are unsuitable for arthritis (ex) osteotomy, hemi-arthroplasty

i. In arthrosis, joint sparing procedures are indicated

3. Interventions
a. Observation

i. Indications/adv: kids, non-surg management is effective

ii. Contra/disadv: - 

b. Debridement: clean out joint, done arthroscopically (minimally invasive)

i. Indications/adv: buys some time

ii. Contra/disadv: not a cure

c. Osteotomy: re-aligns deformities (bunions very common)
i. Indications/adv: retains pts joint surfaces, spares tissue

ii. Contra/disadv: requires a normal joint surface, thus inappropriate for arthritis as source of inflamm is still there
d. Arthrodesis: surgical fusion of joint, rationale is no mvmt – no pain

i. Indications/adv: stable joint, excellent pain relief, good for DIP/shoulder, retain good fxn

ii. Contra/disadv: technically difficult, low pt satisfaction

e. Resection arthroplasty: surgical removal of joint
i. Indications/adv: septic arthritis
ii. Contra/disadv: low pt satisfaction, increased energy needed to move joint, assoc w/ chronic pain

f. Interposition arthroplasty: interpose substance btw joint (gold/plastic)
i. Indications/adv: still used on elbow/thumb – never on weight bearing joints

ii. Contra/disadv: rarely used

g. Hemi-arthroplasty: replace one side of joint
i. Indications/adv: fracture repair in elderly
ii. Contra/disadv: inappropriate for arthritis/arthrosis – underlying problem is still there!
h. Total joint replacement: replace whole joint, most common major surgery done today 
i. Indications/adv: PAIN + PAIN + PAIN, RA, cost-effective w/ good success rate, hip/knee/shoulder/elbow
ii. Contra/disadv: active sepsis, neuropathic pain, unstable medical condidtion, need post-op anti-coags to prevent venous thrombosis, eventual mechanical failure
WOUND HEALING/FIBROSIS/COLLAGEN DISORDERS
1. Cutaneous wound healing

a. Injury ( acute inflamm response (VD, ( permeability, neutrophils)

i. Mild injury (ECM scaffolding intact, labile cells) = complete tissue regeneration

ii. Severe injury (scaffolding lost, permanent cells, persistent) = healing w/ fibrosis
1. Will form granulation tissue (residual inflamm cells + immature caps + collagen) ( scar formation

2. Primary intention: minimal tissue damage
a. Days 1-3: fibrin clot + acute inflamm response

b. Days 4-6: granulation tissue + reformation of epidermis

c. Weeks-months: scar formation w/ good tensile strength
3. Secondary intention: extensive damage, steps are same, just worse – longer, larger, more granulation, etc
b. Insufficent scar formation (persistant ulceration) vs excessive scar formation
i. Proud flesh: exuberant granulation tissue in which the epidermis has not reformed

ii. Hypertrophic scar: excess collagen deposition, eventually resolves

iii. Keloid: extreme deposition of thick collagen bands, usually in AA

iv. Contracture: due to myofibroblasts ( deformities

2. Fracture repair
a. Fracture types = closed, compound, comminuted, displaced, pathologic
b. Phases 

i. Procallus: first few days, hemorrhage/necrosis + inflamm + granulation + stimulation of oPRO cells
ii. Soft/hard callus: weeks, oPRO ( activated oB ( woven bone (hard callus) laid down on cartilage scaffold (soft callus)
iii. Remodeling: years, woven bone replaced by lamellar bone 

3. Impaired healing: due to infection, poor blood supply (repair depends on it!), immunosuppresion, nutrition 
a. Protein/VitC defcy ( abnormal collagen
b. Ca/VitD defcy ( insufficient osteoid 
4. Osteomyelitis

a. Bacterial

i. Via hematogeous (bacteremia) or local (diabetic foot) spread

ii. Most commonly staph aureas

iii. Acute phase = inflamm + sequestrum (necrotic bone) ( chronic phase = involucrum (new periosteal bone)

1. Brody abscess: localized site of osteomyelitis surrounded by reactive new bone

2. Sclerositing osteomyelitis of Garre: excessive new bone

b. TB 

i. Via hematogenous (from lung infxn) spread

ii. Preferentially goes to vertebrae = Pott dz
iii. Necrotizing granulomatous inflamm w/in bone

Congenital bone/ECM disorders

	Dz
	PATHOGENESIS
	CLINICAL

	Bone
	
	

	Achondroplasia
	FGFR3 point mutation ( arrested devl’p at physis
Transverse organization of chondrocytes at physis
	Short limbs, normal sized torso/head, flat nose
Either sporadic (more common) or autoD

	Osteopetrosis
	oC absence/dysfxn ( bone overgrowth but weak/brittle
Disorganized, malformed bone (Erlenmeyer flask)
	( fx, CN deficits (slim foramina), pancytopenia (BM gone)
Either autoR (rare/fatal) or autoD

	ECM
	
	

	Osteogenesis Imperfecta
	(/abnormal type I collagen ( bone abnormalities 

   (e.g. ( fx, osteopenia, deformities, short stature)
	+/- blue sclera, brown teeth, bad hearing

Either autoR or autoD

	Marfans
	Mutation in fibrillin gene ( affects tissues rich in elastin (esp aorta ( AR w/ LV dilation + lens ( dislocation)
	Long limbs/fingers, hyperext joints, pigeon chest
AutoD

	Ehlers-Danlos
	Abnormal collagen synth ( skin hyperext, lax jts
	Kyphosisscoliosis type most common – retinal detachment


Acquired fibroproliferative disorders
	Dz
	PATHOGENESIS
	CLINICAL

	Desmoplasia
	dense fibrosis that accompanies carcinoma
	

	Fibromatoses
	
	High recurrence rate post-exicision

	Superficial
	Progressive thickenings of dense collagen ( skin retraction
	M>F

	Palmar
	Flexion contracture of 4th/5th fingers 
	

	Plantar
	Nodular mass in plantar fascia
	

	Penile (Peyronie’s)
	Fibrosis w/in tunica albuginea, assoc w/ urethral constriction
	“Oh…except when it’s bent. I really hate that.” Movie?

	Deep
	
	Young adults

	Desmoid tumor
	Large, firm, locally aggressive lesion
	Intra-abdominal form assoc w/ Gardners syndrome

	Nodular fasciitis
	Mass of haphazard fB
	Painful, grows w/in weeks

	Myositis ossificans
	fB diff into oB ( woven bone formation, assoc w/ trauma
	Mineralized soft tissue mass on xray


SCLERODERMA
1. Definition: chronic, progressive auto-immune disease w/ organ fibrosis and skin thickening

a. Limited: skin involvement distal to elbows/knees, better px, includes CREST syndrome 
b. Diffuse: skin involvement proximal to elbows/knees, implies more organ involvement and fibrosis, worse px
2. Epidemiology: think 50y AA female
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Pathogenesis

a. Genetic
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Anti-Scl 70 Ab (DNA topoisomerase) specific for scleroderma

ii. Anti-centromere Ab in CREST 

iii. Anti-toporisomerase I Ab in AA
iv. Polymorphism TGF-b in pts w/ significant pulmonary fibrosis
v. Anti-RNA polymerase I and III in rapid progressing/severe

b. Microchimerism: maternal/fetal cell crossover, essentially GVH
c. Toxins/drugs can cause scleroderma-like dz?

d. Autoimmune activation
i. Inflammation ( CD4 infiltration ( cytokine release (TGF-b + CTGF) (
1. fB activation ( excess collagen type I/III + decreased activity of collagen degrading enzymes

2. B cell activation ( autoAb formation
3. Endothelial cell injury ( thrombus formation

ii. Cytokines attract fB to vessel walls ( differentiate into myofibroblasts ( thick, spastic vessels w/ narrowed lumen
4. Clinical of CREST
a. CREST = Calcinosis (subQ), Raynauds, Esophageal dysmotility, Sclerodactyyl, Telangiectasias
b. Minor skin involvement (distal to elbows/knees)

c. Anti-centromere Ab
5. Clinical of diffuse 

a. Skin

i. Inflammation/edematous phase: swollen, puffy hands

ii. Indurative phase: mauscopf facies (pinched nose w/ thin lips, no wrinkles) + claw hands (skin stretched too tight)
iii. Salt & Pepper skin: lose pigment w/ sparing around hair follicles
iv. Also subQ calcinosis, digital pits, alopecia, ulcers due to atrophy of epidermis
b. Vascular

i. Raynauds: vasospasm of distal extremities (white), turns blue when cold (blue), but is reversible (red) 
1. Can ( gangrene, autoamputation of digits

ii. Telangiectasia: abnormally dilated capillary loops, seen on nailfolds, face/tongue in CREST
c. [image: image28.jpg]


Musculoskeletal

i. Arthralgia, arthritis, joint contractures, loss ROM
d. GI

i. Esophageal dysmotility/GERD is common problem
1. Barret’s esophagus: pre-cancerous metaplasia due to acid reflux
ii. Fibrosis of small/large bowel ( malabsorption and eventuall need for TPN
e. Pulmonary

i. Alveolitis ( interstitial fibrosis ( restrictive lung disease, pulmHTN
1. Seen as lung base infiltrate on CXR

2. Tx pulmHTN w/ Bosentin (endothelin R antag ( decrease pulm a P and better pulm fxn)

3. All pts should have CT scan to dx pulm probs
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Cardiac

i. Pericarditis, arrhythmias (worse px)

ii. All pts should have 2D ECHO to dx heart probs
g. Renal

i. Renal insufficiency ( proteinuria, hematuria, increased Cr
ii. Target BP <120/80
1. Tx w/ ACE inhibitors
2. Scleroderma renal crisis is a high renin state ( ARF + malignant HTN
6. Tx: supportive only
a. Vasodilators tx Raynauds
b. Proton pump inhibitors tx GERD
c. Abx tx bacterial overgrowth
d. TPN tx fibrotic GI
e. Cytoxan (cyclphosphamide) tx pulm alveolitis
f. ACE inhibitors tx renal probs
LUPUS
1. Definition: multisystem autoimmune dz due to autoAb + immune-complex deposition, chronic w/ flares
2. Epidemiology: F>>M of childbearing age, AA/Asians/Hispanics, urban environment
3. Pathogenesis

a. Hormonal: assumed due to female preponderance, esp during child-bearing years
b. Genetics: HLA DR3 + null C2/C4 alleles (w/o complement you can’t clear complexes)
i. Decreased ability to opsonize/solubolize immune complexes ( deposits which cause tissue damage
c. Immunologic
i. Activated B cells synth autoAb

1. Anti-Nuclear Antibodies
a. ANA test is 98% positive in SLE pts – it’s a confirmatory test, not a screening tool
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Anti dsDNA: only Ab where titer correlates with disease activity

c. Anti Smith: specific for SLE
d. AntiRo, AntiLa: neonatal Lupus
2. Immunofluorescent patterns: rim, homogenous, speckled, nucleolar, centromere
ii. Defc’y of CR1 R on RBCs ( persistence of immune complexes in circulation
iii. Healthy complement (C3/C4) levels decrease b/c they’re complexed

iv. Antiphospholipid Ab bind cell membranes ( thrombosis, THBpenia, recurrent miscarriages
4. Clinical manifestations

a. Forms/variations

i. Drug-induced: due to DNA demethylation, resolves when drug is w/d
ii. Neonatal: occurs when mother has anti-Ro and anti-La Abs ( fetal heart block (req pacemaker)
iii. Discoid: only affects skin (not systemic) ( raised rash that scars
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Constitutional: fever, malaise, depression
c. Skin
i. Malar rash: “butterfly rash”, spares nasal-labial
ii. Discoid rash:  scarring rash w/ malar distribution, req aggressive tx
iii. Photosensitivity: rash with sun exposure, may precipitate flare 
iv. Alopecia: reversible or scarring
v. Bullous lesions on skin or in mouth/nose
vi. Livedo reticularis: lacy red-like rash 
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Vasculitis: Raynauds, gangrene of digits 
d. MSK

i. Non-erosive arthritis (outwardly looks like RA but no erosions on xray)

e. Pulmonary

i. Pleurisy, fibrosis, acute pneumonitis
f. Cardiac

i. Peri/myocarditis, Liebman Sacks endocarditis (non-infective)
g. CNS

i. Psychosis (medical emergency, worse Px), seizures, stroke, transverse myelitis
h. PNS

i. Mononeuritis multiplex: vasculitis ( acute foot/wrist drop
i. Renal 
i. FOCAL/DIFFUSE proliferative nephritis must be treated aggressively w/ chemo (worst px but responds best to tx)
1. Initiate w/ cytoxan, maintain w/ azathioprine, cellcept, rituximab

ii. MEMBRANOUS type ( huge protein leaks

iii. If urinanalysis = RBCs casts + protein in urine, then renal biopsy to determine severity of dz
j. Hematologic 

i. Everything is a –penia + anemia of chronic dz + Fe defcy if of childbearing age
ii. Thrombophilia (high risk of thrombosis), tx w/ anticoags
k. GI
i. SE generally due to drugs given to tx
5. End organ damage: due to both SLE and SE of chronic meds (esp steroids)
a. Premature atherosclerosis, CAD, pulm fibrosis, AVN, osteoporosis, cognitive decline, renal failure, early menopause…
6. Long term surveillance: kidney/liver function, CBC, complement levels, homocystein levels, thrombophilia levels, etc

7. Tx

a. REST (or at least decrease stress)
b. Avoid estrogens (HRT contraindicated)

c. Avoid pregnancy (too much estrogen ahhh)
d. As disease increases in severity, try progressively more powerful corticosteroids, plus…
i. Mild disease: NSAIDs, Plaquenil (eye exam q 6mo)
ii. Moderate: Plaquenil, MTX, 
iii. Severe disease (i.e. severe nephritis): aggressive chemo (Cytoxan/Cellcept/azathioprine/rituximab), dialysis
SHORT INTERNET CASES
1. Temporal arteritis

a. Sx: older male, HA, vision changes, prox joint pain (polymyalgia rheumatica), jaw claudication w/ chewing 

b. Dx: swollen/palpable temporal arteries, elevated ESR (inflamm marker), giant cells/disruption of elastic lamina on biopsy

c. Tx: high dose steroids – want to prevent permanent blindness

2. Psoriatic arthritis

a. Sx: scaly rash elbows/knees, nail pits, DIP swelling

b. Dx: pencil in cup deformity on xray, HLA B27 haplotype

c. Tx: MTX

3. PM/DM

a. Sx: prox muscle weakness/pain, heliotrope rash, chest V maculopap rash, Grottens papules (knuckles), ages 5-15 or 45-55

b. Dx: elevated CPK, inflamm on muscle biopsy, subQ calcification on xray, heliotrope/Grottens specific for DM
c. Tx: high dose steroids + MTX
4. Ankylosing spondolitis

a. Sx: stiffness of back/prox jts (hip/shoulder) w/ decreased ROM, young-middle aged men
b. Dx: bamboo spine, syndesmophytes, SI jt fusion on xray, HLA B27 haplotype, apical pulm fibrosis
c. Tx: ineffective, possible MTX
5. Reiters syndrome

a. Sx: triad w/ conjunctivits, urethritis, sacroiliitis, tenosynovitis of Achilles, foot rash, nail erosion, penile lesions
b. Dx: usually post-chlamydial
c. Tx: screen for other STIs, if HIV/hepB & C are negative, can tx w/ MTX
