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Pre-Test
CT:
· Proper use:  used for view of bone (2nd best to plain film), 3-dimensional axial view, allows for better special localization; allows to view soft tissue better than with plain film; used in trauma/emergency; allows for larger maximal patient size than MR
· Helical CT vs. traditional CT- difference is in speed of data acquisition

· Weaknesses:  cost, time, availability; not as good soft tissue visualization as MR;  radiation dose exposure and risk of anaphylaxis with CT contrast agents

MRI:
· Advantages:  no x-ray dose, 3-D images with better soft tissue views; very detailed; for patient describe using food to give them a harmless depiction (canola); open is not the same as closed as far as quality of image (closed has a better image quality), may use open core for the morbidly obese patients and those who have severe claustrophobia

· For claustrophobia have sedating medications available

· Proper uses of MR:  soft tissue, physiology, nervous system tissue, central canal, brain (3 Tesla closed core), complex anatomy, MRA, used for patients undergoing therapeutic radiation treatments, cancer or tumor visualization, can be used with pregnant patients

· Weaknesses: limitations in use with patients with implanted devices, claustrophobia, expense, availability, physical limitations in regard to size of the patient
Other Imaging Tools:

· Bone scan- for very small fracture would look at SPECT; bone scan is single scintilliscope

· SPECT- triangulates and can focus on emissions from one level; specifically used in cases of spondylolytic anteriolisthesis; this is always whole body dose

· Fluoroscopy- difficult to find, used for live action imaging

· Diagnostic ultrasound- supports chiropractic management, also allows for live action imaging; soft tissue imaging, safe, inexpensive, portable, interactive
· Plain film- inexpensive, available, best images of bone

· PET scan- layers, carrier molecule is glucose, started as imaging of brain and now throughout the body

· fMRI- functional MR, used in imaging of the brain and nervous system

· Myelogram- most sensitive for things that protrude in the central canal, risk of contrast reactions and high radiation dose

Definitions:

· Congenital anomaly- condition that one is born with, expression of genetic code

· Normal variant- something you develop during growth, no clinical significance, acquired; ex limbus vertebrae

· Dysplasia- multiple system congenital anomalies with growth and development, often associated with complications and high risk factors for other pathology; ex. Marfan’s

Calcifications:

· Physiologic- normal serum calcium, normal tissue calcium, ex. arcuate foramen, stylohyoid ligament
· Dystrophic- due to damage, normal serum calcium, abnormal tissue calcium; ex calcific tendinitis

· Metastatic- distant spread of primary process, elevated serum calcium, normal tissue calcium; ex. hyperparathyroid
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4 Categories of arthritis:

1.  Degenerative

2. Inflammatory

3. Metabolic

4. Septic

Degenerative:

· Poster child-   DJD (degenerative joint disease)

· Clinical features- pain in a joint after extensive or prolonged use; morning stiffness and pain that improves with movement; lumpy joint (osteophytes) in middle to late DJD in joints that have little covering to them (fingers, knees, elbows); no change in color or temperature; could be soft tissue swelling during active complaint but is not necessarily present; limited ROM or change in ROM in comparison to joint on other side of the body; asymmetric presentation (unilateral)
· Key lab findings- elevated hydroxyproline; no change in ESR or c-reactive protein; seronegative
· Key radiographic features- asymmetric presentation; one compartment of the joint is often more affected than another; osteophytes- more surface area for the joint; Heberden’s nodes; 1st change that will be noticed is decreased joint space (medial worst) that is asymmetric; subchondral sclerosis- due to the increased stress; decreased articular cartilage- provides cushion and lubrication; geode or subchondral cyst formation- chambers below the articular surface, do not appear in all patients, have found that blood or synovial fluid is within the cysts or a mixture of both, these are acquired and do not represent inherent weakness in the bone
· Bone scan will be hot because of the increased activity of osteoblasts

· Summate- white bone projection (osteophytes) due to irritation of periosteum

· Subchondral sclerosis on x-ray is enough to diagnose 2nd stage of DJD

· Stages in order- decreased joint space, subchondral sclerosis, osteophytic formation, geode

Inflammatory:

· Poster child- rheumatoid arthritis
· Clinical features- affects multiple joints (polyarticular), deformity that tends to be toward ulnar side in the hands; occurs bilaterally; pain and joint stiffness that is worse in the morning and has a longer duration; swelling and redness in the joint (hyperemic) with warmth; decreased ROM with pain; is a systemic problem that affects other organs; destruction of tissue resulting in swan neck and boutennieres deformity; small joint disease that does not spare any joints; classic patient presents with stiffness and pain in both hands (symmetric presentation)
· Key lab findings-seropositive (elevation of rheumatoid factor) in 94% of patients; increased ESR (often separates DJD from RA) and c-reactive protein, more often affects women; 7% of the population without RA will still test positive for Rheumatoid factor
· We don’t treat patients with RA in the acute phase however patients with DJD can be treated at any time without risk to soft tissues; differential test will be ESR (cheap and effective)

· Key radiographic features- symmetric presentation in the body and within the joint; osteoporosis in the bones immediately adjacent to joint spaces due to the hyperemic component; ulnar deviation; initially we have enlargement of the joint space due to inflammation of the articular cartilage (Waldenstrom’s sign); also have soft tissue swelling around the joint capsule that appears early; next we have a uniform loss of joint space; periarticular osteoporosis
Metabolic:

· Poster child- gout, CPPD (calcium pyrophosphate dyhydrate or pseudogout) in the future (statistically more likely to be evident)
· Medications we have actually have decreased incidence of seeing evidence of gout on x-rays

· Gout crystal matrix is sodium monourate

· Clinical features- crystal deposition in the great toe; painful, swollen and red localized to the location of the crystal deposit (in RA have redness of entire joint); warm to the touch; pannus formation
· Key lab findings-depending on how much tissue is involved the ESR may be elevated or normal; blood testing for uric acid may be elevated or normal; must check by performing biopsy and determine crystal make-up; triggers include proteins in diet
· Key radiographic features-  no change in joint space; target joint complexes because of the circumflex arteries; lower extremities more involved in gout due to cooling which causes precipitation; in the hand may have involvement of the 1st metacarpal/phalangeal joint; these digits have 2 vessels on each side to provide blood; is a periarticular process with no change in joint or alignment
Septic:

· Poster child- 90% of all bone and joint infections are the result of staphylococcus aureus; these are secondary processes; infection is located in another primary location (UTI, URTI, etc) and the joint is secondarily affected; may consider hip orthopedic nosocomial infection of the hip after surgery as primary or secondary
· Clinical features-hx of PNA, UTI or skin infection prior to development of arthropathy; latent period patient is feeling better and then demonstrates infection in joint spaces later; typically have capsular swelling, warmth, pain, redness; quickly have adjacent soft tissue involvement because of expansion of bacteria into neighboring tissue
· Key lab findings-elevated ESR, possibly elevated c-reactive protein, positive bacterial cultures (s. aureus), elevated WBC differential
· Key radiographic features- destruction of joint space
Joint Classifications:

· Fibrous joints:  ex radioulnar and tibia-fibula

· Don’t typically have arthritis here

· Have enthesopathy in these joints

· Cartilaginous joint- outer fibers of collagen, inner fibers of fibrocartilage and layer of hyaline cartilage (ex is the disc)

· There is a gradient as we move in towards the center of the nucleus pulposus and we find more GAGs in the NP

· T2 weighted sagital image will show us hydration of the disc

· Examples:  AC joint, symphysis pubis, TMJ, SC joint

· Synovial joint- contains synovium, hyaline cartilage, joint capsule

· Bare area- inner synovial lining, represents end of periosteal tissue and beginning of articular cartilage; this offers the thinnest amount of protection

· When we are looking at gout or RA one of the earlier bone changes we will see will be in the bare area (thinnest protection and bone is most vulnerable)

Definitions:

· Enthesis- anchoring sites of Sharpey fibers, insertion of joint capsule, periosteal tissue, tendons and ligaments that are anchored to the bone

· Monoarticular process- one joint; there are times when the numbers of joints involved will reflect the type of arthritis

· Polyarticular process- multiple joints, 4 or more

· Pauceyarticular process- 2 or 3 joints

· Osteophyte- bone projection, continuous cortex, trabeculated bone underneath, grow to increase surface area and is a stress response due to tension

· Syndesmophytes- ossification of outer annular fibers; thin vertical and symmetrical; when extreme results in “bamboo spine”

· Paravertebral ossification- ossification of paravertebral connective tissue which is separated from the edge of the VB and disc; large, coarse and asymmetrical

DJD:

· Definition- gradual loss of articular cartilage, combined with thickening of the subchondral bone; bony outgrowths at the joint margins, and nonspecific synovial inflammation

· Long term process

· Over time patient adapts to increase loads by laying down more bone

· Inflammation with DJD is very local

· Most common joint disorder in the world

· Striking age correlation

· 1/3 of all 65 year olds affected

· More common in men vs. women younger than 50 (occupational and physical activity)

· More common in women vs. men older than 50 (hormonal changes)

· Predilection for weight bearing joints of the lower extremity, cervical and lumbar spine, and some joints of the hand

· Etiology:  Known local factors associated with secondary DJD (note primary means there is something inherently wrong with the articular cartilage, usually not enough chondroitin sulfate; secondary is consequence of something else)

· Weight- every 10 lbs of weight loss gives you 50% reduction in symptoms

· Injury- most common post-traumatic

· Occupational

· Recreational

· Skeletal anomalies- acetabular hypoplasia
· Quadriceps strength- reduces knee pain in DJD patients
· Other examples:  avascular necrosis deformity, juvenile onset RA

· Known systemic factors

· Reduction in estrogen levels

· Genetic susceptibility

· Low vitamin D and C intake

· Crystal deposition diseases

· Hemophilia

· Paget’s

· Most seronegative and seropositive arthritides; DJD is most common co-presenting arthritis

· DJD:  A three step process:

· Phase 1:  edema and microcracks
· Edema of the extracellular matrix, cartilage loses its smooth aspect, and microcracks appear

· There is focal loss of chondrocytes, alternating with areas of chondrocyte proliferation

· Will not see this clinically, this is histologic appearance and you will not be performing tissue biopsy on these patients

· Phase 2:  fissuring and pitting

· The microcracks deepen in the direction of the forces of tangential cutting and along fibrils of collagen

· Clusters of chondrocytes appear around these clefts and at the surface

· Phase 3:  erosion

· Fissures cause fragments of cartilage to detach (joint mouse)

· These loose fragments cause the mild inflammation (localized)

· This form of inflammation is much more limited than the typical RA

· Subchondral microcysts form
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Small Joint Arthritis:

· Pathogenesis of DJD:

· The physiologic homeostasis of normal articular cartilage is driven by chondrocytes, which synthesize collagens, proteoglycans, and proteinases

· DJD results from failure by chondrocytes to synthesize good quality matrix

· This abnormal chondrocytes synthesis is the result of tissue activation by cytokines, lipid mediators (mainly prostaglandins) free radicals (NO, H2O2), and constituents of the matrix itself, such as fibronectin fragments

· Activated chondrocytes become capable of producing proinflammatory mediators

· Certain proteinases are involved in the destruction of cartilage

· Matrix metalloproteinases (MMPs) are the most potent

· The MMPs are held in check by tissue inhibitor metalloproteinsases (TIMPs)

· As long as the MMPs and TIMPs are in balance no degradation occurs

· The enzyme, aggrecanase, plays a major role in the degradation of the matrix

· Although DJD is classified as a noninflammatory arthritis, inflammatory cytokines may stimulate chondrocytes to release cartilage-degrading enzymes

· Lipid mediators, eicosanoids, can activate chondrocytes to increase synthesis of MMPs, tipping the balance towards degradation

· Nitric oxide plays an uncertain role in DJD

· Some studies suggest an ability to induce DJD, while other studies suggest some protection of the cartilage
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DJD:
DJD in cervical spine:

· Usually affects both uncovertebral joints

· May have significant presentation of DJD without pain presentation

AP lower cervical film:

· Spondylosis (discogenic spondylosis) at C5-C6

· Between C6-C7 have significantly narrowed disc space with upturned uncovertebral joints

Oblique Cervical film:

· Should see concavity in the IVF, as we move down to C7 can see progressive changes in the shape of the IVF; at C6/C7 would state we have IVF encroachment

· Can see uncovertebral arthrosis (anterior column) and facet arthrosis (posterior column)

· List with condition and name of joint

· Can also see osteophytosis at these joints

· Termed discogenic spondylosis

Lateral Cervical film:

· Have suboptimal positioning here; these IVFs are not as small as they look because we can see the pedicle around the corner from the other side

AP lower cervical:
· Side whip lash injury may find that patient has one uncovertebral joint on 1 side injured and 1 on the other side lower injured
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DJD:

· Go from normal joint spacing to less joint spacing

· In addition to joint space narrowing over time will see increased bone density with changes in weight distribution (subchondral sclerosis)

· Osteophyte indicates DJD (may be claw shaped and has cortical rimming); true projection whereas syndesmophyte is paravertebral ossification that is not of bone
· Posterior column can be affected as well, may have facet arthrosis

· Check the anterior and posterior body lines; reference vertebra is the lower one

· Congenital or surgical blocked vertebra will increase the risk of DJD at joint above (more so with surgical or acquired blocking)

· Bone induced central canal stenosis (trefoil appearance) can see this on CT

· Vacuum phenomenon- collection of gas in the space that was formerly occupied by the nucleus pulposus, see the gas because of thorough dehydration and dessication of NP; Boyles law takes over (increased pressure, decreased volume, gas bubbles out)

· More typical to see only one level of slippage

· When patient is recumbent we can have distraction occur and may not see disc narrowing

· At L5 have to look more for osteophyte and subchondral sclerosis

· L5/S1- may have what is termed pseudospondylolisthesis; loss of George’s line, can’t draw smooth Hadley’s S curve; have true anterior slippage of L5 because of narrowing of the disc space; anteriolisthesis due to disc degeneration doesn’t go further than 25% (doesn’t usually translate more than 3mm with compression/distraction view); intersegmental stability- tend to stabilize in the long run
· T2 or proton weighted MRI- brighter disc appearance; can appreciate hydration differences; Hahn’s fissure or cleft is normal- this is where artery comes in and vein goes out

Inflammatory arthritides

· Initially the joint spaces actually get bigger

· For example tear drop distance would increase

· Quickly followed by destruction of the articular cartilage (uniform)

· Increased blood flow washes away bone; even though mechanical stimulus is to load the bone it can’t because being washed away by the blood

Crystal deposition diseases

· Joint space changes occur late
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DJD:
CT myelogram:

· L5/Sacrum

· Can see the nerve root (black dot surrounded by white halo)

· Neuritis- edema is noted because one nerve root appears blurry or fuzzy in comparison than the other

Hemispherical Spondylosclerosis:

· Varying presentation of DJD
· Looking at one vertebral body will see half circle shape of sclerosis, moving down a level will also have half circles (have 2 half circles)
· Face off over disc space; affects both joint surfaces
· Differential is metastasis (will only affect 1 joint surface)

· Lateral view produces the best image of this

Degenerative Anteriolisthesis:

· Wiltse classification terms this pseudolisthesis, however George’s line is violated so would consider this a true anterolisthesis

· Would perform compression distraction radiographs to determine stability as far as intersegmental motion

· Posterior body line doesn’t line up

Vacuum Phenomenon- with extension the intradiscal pressure decreases, gas bubbles out and we can see air density along the endplates 
· Occurs due to dessication of the nucleus pulposus

· Also seen on CT

Dural Effacement:

· Changing shape of dural sleeve

· May not have signs and symptoms because doesn’t push it against bone

· Seen on CT

Myelogram:

· Normal circumferential bulge at disc space will produce curved area at the disc (this is normal)

· If goes out past annular fibers will see deepening of this and separation of the posterior VBs

· White stripes are contrast, black stripes are cauda equinae

· Oblique view can appreciate where the nerve root comes out, these nerve roots hug the inferior portion of the pedicle (eye of the Scottie dot)

MR study:
· Bone appears black

· Nucleus pulposus appears black, can see extrusion of it

Dystrophic calcification:

· Outer annular fibers may appear as white curvilinear line; have disc calcification

· DJD has osteophytes, sometimes a feature that is seen is disc calcification

· Nucleus may also host this

SI joint:

· Oblique view allows view of bone excriescense (bone projection)

· Sacrococcygeal joint- has osteophytes when it degenerates like any other joint

AP Shoulder view:

· Subacromial space- measure should be greater than 7mm

· Deltoid pulls up and in, rotator cuff injury

· Humerus moves up and in

· DJD may be acquired secondary to trauma
· Look at superior and inferior portions of glenoid as well

AC joint:

· Difficult to rely on joint space here

· Look for osteophytes

CT chest:

· Density overlying chest

· Can see sternoclavicular DJD

· This is result of trauma

Lateral Knee:

· Osteophyte presentation

· Calcific bursitis- dystrophic calcification presenting superior to the patella ; often found in arthritis or trauma categories

Tunnel View:

· Asymmetric joint space with sclerosis on the medial aspect

· When joint space is compromised femur and tibia approximate and have remodeling where a peak is formed in between

· Often associated with cartilage fragments (joint mice)

Sunrise View:

· Long flat surface of patella always points lateral; medial side is shorter and more steeply angled

· Saw tooth appearance and irregular contour typical of patella involved with DJD

Patellofemoral joint space:
· Osteophyte and subchondral sclerosis

Joint Mice:

· Associated with joint locking

DISH:

· Still non-inflammatory arthritide

· Ossification of ALL

· Covers multiple levels

· Exuberant hyperostosis

· Widely distributed throughout the body
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· 20% of all patients with DISH have dysphagia

· 13-32% have diabetes

· 50% may have PLL thickening

· Sometimes seen complication is central canal stenosis

· Modestly limited flexion and extension; ROM exceeds what you would predict based on radiographs (this is in contrast with ankylosing spondylosis which presents with pencil thin syndesmophytes that produce spinal immobility)

· DISH aka Forrstier’s disease

· T7-T11 most common area involved, cervical 2nd most commonly, lumbars are 3rd most common

· Not a condition to monitor with radiographs 

· Flame shaped syndesmophytes

· Thick= can’t be drawn by sharpened white pencil

Ankylosing spondylitis:

· Ossification of annulus fibrosus

· Syndesmophytes

· Pencil thin

· Radiographic twin enteropathic  arthritis

C- shaped, comma shaped non-marginal or stuck-on appearance paravertebral ossification:

· Reiter’s syndrome or psoriatic arthropathy

Flame shaped syndesmophytes- calcification along outer annular fibers

· DISH, Reiter’s (reactive arthritis), or psoriatic arthropathy

· If patient has skin lesions then they have psoriasis

· Can’t see, can’t pee, can’t dance with me indicate reactive arthritis

Check sign

· Angular endplate deformity

· Represents pathologic fracture

· Clinically significant

· Potential to be lytic metastasis

