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CT of the spine:
· Plain

· Ambulatory

· Metrizamide

· Post Myelogram

· Contrast is injected through the dura into the subarachnoid space

· Herniated disc- high sensitivity, lower specificity

· #1 cause of axial or lumbar spine pain in patient under 50 years old (with or without radiculopathy)

· Spinal stenosis- slightly better specificity than for herniation

· #1 cause of axial or lumbar spine pain in patient over 50 years old (with or without radiculopathy)

· Postoperative

· Failed back surgery syndrome- approximately 1/3 of patients will still have pain following the surgery

· Usually this patient has epidural fibrosis

· Fibrous tissue follows inflammation

· Scar formation around the epidural sac

· Surgeons are hesitant to do anything, this in general is not surgically manageable

· Treat with chiropractic procedures to increase function and overall spinal health management
· Back pain returns a few years out

· This is one of the most common reasons for using contrast (would recommend MRI with contrast over CT with contrast)

· Recurrent herniation- result of incomplete discectomy

· Back pain returns in less than 1 year

· Bone structure

· Very sensitive and has high specificity

· Fractures- avulsion fractures of TP or spinous, laminal fractures, compression fractures

· Paraspinal trauma

· Muscle and vessel

· Erector spinae, multifidus, iliocostalis, quadratus lumborum

· Aorta, IVC (at L4 see bifurcation into iliac)

· High and low specificity (when we have high sensitivity we have low specificity) 

· Specificity- eliminates the differential diagnosis

· Diagnostic function of imaging is correlation with symptom and presentation

CT medulla oblongata axial image:

· Vertebrobasilar system supplies the medulla oblongata- when have insufficiency of this system will result in infarction of medulla (Wallenburg syndrome)

· Dysphagia, dysphonia, dysarthria- signs of cerebral infarction (posterior circulation impairment)

· Broca is cortical control- damage can result in dysarthria

CT of C1 and C2 axial image:

· Odontoid should be flanked by lateral masses

· Thecal sac= dura

· Underneath dural membrane have CSF and in contrast exam will appear white

· Rule of 3 by Steele:

· 3 occupants in the spinal canal in the AP dimension at C1/C2

· 1/3 of space in canal is odontoid process

· 1/3 of space in canal is spinal cord

· Remaining 1/3 is space from back of odontoid to the front of the cord and behind the cord up to the posterior neural arch

· If patient has increased ADI how far will the ADI open before the posterior neural arch traumatically impacts the spinal cord? (based on Steele’s rule of 3)

· 6.5-7mm

· Normal ADI is 3mm

· This is classified as extradural compression
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CT vs MRI Identification:

· Contrast axial image on MR- CSF bright (this is T2 weighted image); fat never produces low signal unless it is inflammatory (bright on both T1 and T2)

· Cortex on MRI gives no signal intensity

· Contrast axial image on CT- CSF appears bright; can identify as  contrast exam due to white in the subarachnoid space 

· He will ask to identify soft tissue vs. bone window

· Cortex will always be white on CT

· Muscles on CT scan the fascial planes will be black (due to the fat)

· Pouches at periphery of the canal are the axillary sheath (end of the CNS and beginning of the PNS); blunting or obliteration of the dura at the level of axillary sheath could indicate compression

· Cord is larger at C6/C7 (this is the cervical enlargement); cell bodies provide axons for upper extremities

· Highest level of radiculopathy is at C7; due to prevalence of DJD at this level and possibly the cervical enlargement of the cord

· C7 root is housed by the C6/7 neural foramen

· 2 sources of complications of degenerative disease: vertebral artery compression by uncovertebral joint, neural foramen encroachment

· Drop attack- transient ischemia due to posterior circulation compression which may be complication of uncovertebral joint arthrosis or discogenic spondylosis

· Neural foramina encroachment- root compression proximal can result in peripheral nerve deficit termed double crush syndrome; patient presents with paresthesia in extremities typically wrist occurring at night that is relieved by shaking out the wrist

· most common peripheral neuropathy you will see is at carpal tunnel associated with median nerve, second will be ulnar nerve compression

Extradural differential diagnosis:
· on the side of extradural abnormality with most patients have symptoms on same side

· in 10% of patients will present with symptoms on opposite side because fibers cross

· #1- under 50 the most common extradural abnormality will be disc herniation
· #2- over the age of 50 extradural abnormality will be spinal stenosis 

· #3- epidural hematoma
· Presents with acute bilateral lower extremity paresis

· Collection of blood in the extradural space with cord compression

· Usually occurs in anticoagulated population (Coumadin use post infarction or ischemic process)

· #4- extradural tumor

· Myeloma, metastasis from vertebral body

· #5- extradural abscess

· Highly vascularized area in the extradural space

· Patient with blood borne pathogen or sepsis

· #3-5:  rare space occupying lesions

· When you see neural deficits look for space occupying lesion

· Spastic paresis, cogwheel motion during muscle testing

· Intracranial space occupying lesions:  differential is aneurysm vs. tumor

· Weiner shaped canal due to bone growth into the canal result of degenerative stenosis
Compression Fracture

· Most common type is wedge (narrowed in the front thicker in the back)

· Vertebral plana- flat across (narrow front and back)

· Due to loss of trabecular support

· Medullary infiltration- something in the bone marrow causes damage to the trabeculae

· Most common- metastasis

· 2nd – multiple myeloma

· Suspicion of pathologic fractures requires MRI of spine followed by bone scan

Acute traumatic segmental instability:

· Segmental kyphosis or flexion of one segment is abnormal

· Due to tearing of posterior ligaments (ligament nuchae, interspinous ligament,etc)

· Angulation of vertebral endplate compared with endplate below exceeds 11 degrees

· Continued movement of this segment will lead to separation of the facet surfaces resulting in dislocation (traumatic myelopathy)

· This patient needs acute neurosurgical consultation

· This patient will not move the neck (global reduction in ROM)

· Rarely may have acute traumatic herniation 

· Usually herniation falls in the arthritide category since it is degenerative process

Myelography

· Contrast injected in the subarachnoid space

· Will see contrast column along periphery on AP image

· Intradural lesion- will be lesion found underneath the dura

· Intramedullary- lesion of the cord

· Extramedullary- outside of the cord beneath the dura

· Intradural intramedullary lesion- astrocytoma, epyndymoma, multiple sclerosis, syrinx

· Intradural extramedullary lesion- meningioma, neurofibroma

Differentials for radiculopathy

· These can’t be differentiated by clinical symptoms or history

· Because herniation and stenosis are the most common causes of radiculopathy we don’t perform radiographic studies on everyone, we apply trial of care and monitor
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Search Pattern Sequence:

· Soft tissue

· Prevertebral tissue space at C2 should not exceed beyond 2/3 of C2 vertebral body size

· This would indicate narrowing of the pharynx

· Cause of prevertebral soft tissue swelling could be fracture

· Blood and edema fill the space

· Bone

· Poorly corticated osseous density or fragment present at anterior superior portion of endplate may be fracture

· Mechanism of injury for anterior superior fracture off the endplate (lifted up) is extension injury

· Joint space

· Rarely do joint spaces increase, what we see every day is reduction in joint space due to degeneration

· If we have an increase joint space mechanism of injury is extension injury resulting in avulsion injury which is really a ligamentous injury (ALL would be torn)

· Over the years discogenic spondylosis will follow (trauma becomes arthritide with soft tissue injury)

Femur Fracture Image:

· Transverse fracture line indicates something is in the bone (pathologic)

· Most fractures occur obliquely or spiral

· Increase cortex ratio to medullary bone (Paget’s)

· Lab test in support of Paget’s as diagnosis would be alkaline phosphatase 

· Acid phosphatase is what you look for with prostate metastasis

· Since liver and bowel also contain alkaline phosphatase must break into isoenzymes of alkaline phosphatase to look at the bone fraction

· In kids always see elevation of ALP (but not after maturation)

· Etiology of Paget’s remains controversial, abnormal bone formation

· Electron micrography shows that there may be viral influence 

Contrast Agent:

· One of the earliest ever utilized was myelogram contrast (injected into the subarachnoid space)

· Purpose of contrast is to allow you to see structures that you normally can’t because they have a similar density

· This was developed in the 1930s

· Increases soft tissue contrast, allows separation of structures

· In the spine allows visualization of herniation, nerve roots, canal space

· With MRI the contrast agent used is gadallinium

· Small particles that are magnetic

· Is not opaque

· Enhances the magnetic field

· Allows us to collect signals from spinning protons

· Contrast enters pathologic tissue and makes it bright

· In x-ray use iodine which is very dense

Degenerative Anteriolisthesis

· Most commonly occurs in females over forty at L4 (rule of Fs)

· Spine at L4/5 in the female is predisposed to degeneration

· No pars defect

· Due to arthritic disease involving apophyseal joint

· Most common spondylolisthesis
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Contrast studies:

· There is some risk of anaphylaxis with use of contrast (especially intravenous injection)

· Everybody gets degenerative changes but not everyone’s pain is caused by degenerative changes

· 98% of the time back pain is mechanical, however 2% of the time pathological process is the cause

· IVP study:

· Example in class shows that the back pain was caused by renal system not musculoskeletal

· Right kidney is barely visible and enlarged in comparison to opposite side, contrast is not visible in the damaged kidney (urine filled kidney)
· This is a hydronephrotic kidney- urine is not leaving the kidney, large dilated kidney

· Most common etiology of hydronephrosis is obstruction due to kidney stone

· Obstruction may take other forms- female patient with mass of lymph nodes in the abdomen, nodal clusters or lymphadenopathy may form around the ureter causing compression and obstruction (in this case ovarian metastasis was the cause)

· Differential diagnosis for lymphadenopathy includes infection, neoplasia (malignant), inflammatory

· Primary neoplasia of lymph nodes- leukemia or lymphoma

· Secondary neoplasia of lymph nodes- metastasic carcinoma; 2/3s of patients that have disease in the skeleton also have nodal involvement

· Inflammatory- allergy or hypersensitivity process can enlarge lymph nodes

· There are some unusual processes causing lymphadenopathy including hyperthyroidism

Scintigraphy:
· 3rd phase is known as bone scan

· Osteoblastic activity

· Hot spot is indicative of blastic activity or increased blood supply

· DJD may show some increased blood flow hot spots but they would be small and more lacalized to the endplates and would not take over the entire vertebral body

· In 45 year old male differential diagnosis for malignant neoplasm:

· Prostate carcinoma is typically seen in 60 year olds and up (not likely in this age group)

· Primary malignancy of the skeleton- lymphoma is most common in this age group, multiple myeloma not likely in this age group (however this is the most common primary malignancy of the spine)

· Follow up with MRI and biopsy of the vertebral body

· Nuclear medicine- injection and subsequent detection of radioactive isotopes for imaging

· Planar, spect and PET

· radionuclide skeletal scintigraphy (bone scan) aka planar scan
· 3 phases:

· 1) Angio (blood) phase (30-60 seconds)
· 2) Blood pool (soft tissue phase):  isotope is in muscles & ligaments (5 minutes after injection)
· 3) bone phase:  skeleton, kidneys and bladder (2-3 hours after injection)
· sensitivity of 3rd phase for abnormality in bone:  95-97% sensitive 
· (other 3-5% not picked up:  malignancy can sometimes hide in DJD)
· Acronym for primary malignant sites that metastasize:  [BLT, pickle, ketchup]-carcinomas that metastasize to bone,  and [hot sauce]- sarcomas that metastasize to bone

· B= breast cancer (mixed blastic/lytic)
· L= lung cancer (lytic)
· T= thyroid cancer (lytic)
· P= prostate cancer (blastic) 
· K= kidney cancer (lytic)
· H=Hodgkins (blastic)
· S=Ewings sarcoma and osteosarcoma (mixed blastic/lytic)

Nuclear Medicine (scintigraphy/bone scan):

· Definition- a nuclear medicine procedure, such as a bone scan.  The term is derived from the decay of the radionuclide and its resultant gamma radiation or scintillations.  The number of scintillations corresponds to the concentration of the isotope.
· Gamma camera or scintillator measures the scintillations

· High sensitivity (in the high 90s)

· Negative aspects- radiation dose and cost

· Used after MRI and x-ray have failed to show response

· Images are generated as the uptake and distribution of administered radiopharmaceuticals are detected (bind technetium to phosphorous for uptake)

· Provides vital information regarding tissue perfusion, physiology, and biochemistry

· Physiologic and metabolic changes often precede gross structural alteration of diseased tissue by hours, days or even weeks

· Key factor in determining early diagnosis and proper treatment protocols and in establishing an accurate prognosis

· Technetium scanning in the brain is one of the most sensitive tests for diagnosis of Alzheimer’s disease

Radionuclide Bone Scanning

· Most frequently performed nuclear medicine technique (50%)

· Used to evaluated soft tissue, bone and joint disorders

· Fractures, infections (diabetic patient), arthritides, tumors and osteonecrosis (may be diagnosed by cold spot)

· Triple phase scan:

· 1st phase- vasculature

· 2nd phase- soft tissue, muscle

· 3rd phase- skeleton (occurs 2-3 hours later)

· History:

· Skeletal scintigraphy radiopharmaceuticals were first introduced in the early 1960s

· 1971 technetium 99-MDP polyphosphate compounds were introduced

· Today diphosophonates are used which have faster blood clearance and higher skeletal uptake

· Examination procedure:

· Patient should be well hydrated

· Three phases which represent the distribution of the tracer over the course of time

· Phase 1- flow phase or radionuclide angiogram- tracer is intravascular- images are obtained every 2-3 seconds for 30 seconds

· Phase 2- blood pool phase- the tracer is located in the extravascular space-the body is imaged 5 minutes after injection

· Phase 3- bone scan phase- 2-4 hours after infection- represents clearance of the tracer from the vessels and soft tissues and concentration into the skeleton

· Blood flow phase
· Show radionuclide in the arterial, capillary and venous phases

· Variations may occur in the blood flow to the extremities depending on vascular activity

· Blood pool

· Show radionuclide in the extravascular spaces

· Vascular structures such as kidneys, liver, spleen and uterus are seen and should not be mistaken for sites of abnormality

· Bone scan phase

· Radionuclide concentrates in the skeleton and soft tissue

· Metaphyseal regions of long bones show higher uptake than diaphyses- due to higher bone turnover rate in the metaphyses

· Distal humerus, femur and tibia

· Ares of highest uptake are the sternum and SI joints

· The anterior wings of the innominates and the coracoids processes normally show considerable uptake of the radionuclide

· Scoliosis- the concave side of the spine appears hotter than the convex

· Concave side has increased load and increased pressure

· Patient presentation

· Children have high diffuse bone uptake and prominent uptake around the growth plates

· Elderly patients tend to have poor quality bone scans

· Obese patients have poor quality bone scans owing to the greater amount of soft tissue, which causes more scatter and  higher attenuation of the photons in the soft tissues (greater distance of the detectors from the skeleton)

· Poor hydration prevents optimal clearance of the radionuclide from the soft tissues

· Renal failure prevents good soft tissue clearance

· Corticosteroids may produce generalized decreased skeletal uptake

· Absorbed patient dose

· Approximately 50% of the injected dose is taken up by the skeleton within 2-6 hours

· Normal renal excretion results in 50-60% of the tracer eliminated within 24 hours of injection

· Bladder receives the highest dose

· May be reduced by pre-examination hydration and frequent voiding after exam

· Whole body dose is approximately 0.13 rad (average dose for CT scan of L/S is 3-5 rad)

· Contraindications

· Pregnancy because transplacental transmission of radiopharmaceuticals is possible

· Breast milk will carry isotope activity for several days after the study
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SPECT (single photon emission computed tomography):

· patient injected with isotope

· one bone scan slice is more closely examined ( axial, coronal, and sagittal slices

· common scenario for malignancy:  negative plain film, but positive bone scan

· hematopoietic tissue of the skeleton is a magnet for metastatic disease (spine, proximal long bones, & skull)

· http://www.rad.kumc.edu/nucmed/clinical.htm

PET (positron emission tomography):

· positron = positive charge on what is typically a negatively charged particle (a positively charged electron)

-
antimatter annihilation event

-
need nuclear accelerator to produce this positron isotope (this isotope decays in minutes)

-
when a positron meets an electron, there is a burst of energy and a scanner is tuned to the event

· PET scan is the dominant tool in oncology, but it is very expensive

· fluorine-18 (positron emitter) is attached to glucose 

-
tumor eats glucose (looking for areas of high glucose utilization)

· PET scan has far greater sensitivity than bone scan

· PET is not only used in oncology, but also used in neuroscience (ie  to label receptors)

-
cross modal function of the brain ( neuroplasticity ( aka “learning”generating words:  anterior pre-frontal cortex

-
most of the brain is capable of taking over other parts of the brain

-
there typically are NOT specific locations for specific functions (with a few exceptions)
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Dr. Reckelhoff lecture

MRI:

· Parameters:

· TR (time of repetition)

· Timeinterval between each pulse

· TE (time to echo)

· Time from the middle of the pulse to peak of detected echo

· T1- short TE, short TR

· T2- long TE, long TR

· PD- short TE, long TR

· Contrast Agent:

· Gadolinium most commonly used

· Used with T1 pulse sequence (lowers relaxation time of water so it appears bright on T1)

· Pathological tissues become more permeable and increase uptake of water

· Reduces T1 and T2 times

· Contrast will enhance pathology

· Formerly was gold standard for RCTs

· Sagittal cervical spine view:
· Spinal cord is brighter on T1 (fat is bright on T1, myelin in the cord)

· Fat and water are both bright on T2 

· CSF will be main determinate between T1 and T2 (will be dark on T1, bright on T2)

· Transverse ligament not always seen on T1, seen on T2

· Cortical bone is black

· Trabecular bone contains fat so appears more gray or white (brighter on T1 than T2)

· Trachea and esophagus appear black (can see prevertebral space)

· Sagittal lumbar spine

· Can see PLL, dura, ALL, nucleus pulposus of the disc

· Aorta, IVC are also visible

· Axial lumbar spine

· Can see both kidneys and vasculature

· Easier to see nerve roots in the L/S compared to C/S
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MRI:

· Need a powerful magnetic field; this brings alignment to the protons

· Need a radio station

· Spectrum of electromagnetic field:  high end= x-ray; low end= am radio waves

· Cosmic radiation is further beyond the high end of the spectrum (to the right)

· We emit all spectrums of electromagnetic energy

· Infrared thermography can detect metabolic energy

· Protons are tuned to discreet frequency in MRI, this explains concept of resonance

· Nuclear resonance= radiofrequency excites proton in nucleus

· Water is relative to MRI because of the imbalance of protons to neutrons; creates a spin effect; behaves as a magnet

· Proton is the most ubiquitous element in the known universe

· Magnet spins on its own axis; the other action is wobble (aka precession)

· Put patient between 2 magnetic fields and the protons will line up (little more than 50%)

· Use large magnet (measured in Tesla); this costs millions of dollars because have to be manufactured

· Relaxation- proton gives back the energy and stands up again in the magnetic field; pathology changes relaxation time; this is a function of tissues

· Relaxation time is the amount of time it takes for the proton to stand up in the magnetic field

· Fourier transform identifies radiofrequency in a signal; this is required in operation of all electronics; allows identification of high and low signal in tissues which helps identify tissue abnormality

· Magnetic field gradient used to get a slice (small field used to do this); gradient allows you to tune the resonant frequency; these are millitesla magnets in 3 planes- sagittal, coronal and axial
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MRI
· Voxel based morphometry measures gray matter thickness of the brain

· DTI- diffusion tensor MRI is used to look at white matter tracts

· Functional MRI

· Bruce Rosen, MD PhD works in research with brain imaging and acupuncture

· 1925- Pauli proposed spin and magnetic moment
· 1971- Damadian 

· fMRI detects activated state in comparison to “off” state (in respect to stimulus)

· indirect method to infer brain activity (hemodynamic, BOLD)

· have to input a stimulus into the brain- may be pain, visual, motor, sensory, cognitive

· stimulus results in neural response which alters hemodynamics (increases blood flow) creating deoxygenated hemoglobin which is magnetic; allows localization in the brain by detection of these magnetic signals

· BOLD- blood oxygen level detection technique

· Voxels- 3D pixels
· Take 2 MRIs- one is structural, the other is functional

· Inflated brain analysis- allows sulci and gyri to be seen as a grayscale map

· General linear model is applied to statistically test whether MRI signal within any voxel correlates with applied stimulus
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Classification of Neoplasia

· Histopathology

· Radiology

· Clinical implications

· Prognosis has changed very little since the 1940s

Pathogenesis

· Mutation- arise from 3 sources

· Carcinogens

· Viruses

· Radiation (background is constant and low dose)

· What we don’t know about is the repair of DNA and the time frame within which it occurs

· Free radical injury is part of the pathway of damage from radiation

· Oncogene

· Onco=neoplasm

· Mutated gene or gene complex which will eventually give rise to disturbed proteins and abnormal cell behavio
· Epigenesis
· Much of the mutation that occurs takes place in the cytoplasm outside of the nucleus

· Transcription problem

Prevention of Cancer

· Dietary fiber

· Burkitt did research on fiber based diets and incidence of colon cancer

· Fiber reduces incidence of colon cancer because it is hydroscopic which activates mechanoreceptors in the colon wall thus increasing peristalsis and decreasing transit time in the colon

· We excrete carcinogens from the bile, thus decrease transit time decreases exposure

· The colon contracts through mass contraction, luminal pressure increases inside the colon; if the stool is not hydrated then nothing will move forward and can herniate the bowel leading to diverticulosis

· This can result in B12 deficiency, diverticulitis, perforation of bowel, or peritonitis

· Antioxidants

· Diet should be used as the portal of antioxidants vs. pills
· Caloric restriction

· Nutritionist McKay found that with multiple species restricting the calories increased life expectancy

· Immune system becomes more effective during caloric restriction

· Watch the fat and glucose molecules in general

· Exercise

· Tied to every system

· Positive mental attitude

· Bob Ader was founder of psychoneuroimmunology
· Showed origins of conditioning and the immune system

· Bereavement syndrome- immune system decreases in function due to grief or loss
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Metastasis:

· Incidence

· Mechanisms

· Routes

Mechanisms:

· Decreased cohesiveness

· Most normal cells are cohesive

· Loss of contact inhibition

· Contact inhibition- when becomes too crowded, stop growing (population control)

· Increased mobility

· Can travel in fluid, supports dissemination of disease

· Increased contact guidance

· Unique radar system allowing directed movement

· Transplantability

· Normal cells can’t be transplanted to other organ and survive

Routes:

· Hematogenous- blood route

· Direct- grows into neighboring tissues

· Lymphatic- 2/3s of patients will already have lymphatic metastasis upon finding of spinal mets

· Painless, rubbery feeling, fixed nodes indicate metastasis

· Infection and inflammation are additional differentials for lymphadenopathy

· Large painful nodes- inflammation due to allergic sensitivity

Clinical Features of Skeletal Metastasis:
· Age

· 5th to 9th decade (40-80)

· Known primary neoplasm?

· Overall most common cancer is skin cancer in the U.S. (basal cell and squamous cell)

· 70% of all deaths due to skin cancer are due to malignant melanoma; metastasizes to many other tissues including GI tract and eye, rarely bone

· Symptoms:

· Intractable day and night pain (nothing is helping the patient)

· Progressive or shooting pain

· Bone pain 5 days or longer without relief

· Metastasis painless in 40%

· Weakness- weight loss- low grade fever (late course of disease)
· Signs:

· Lymphadenopathy- organomegaly

· Pallor

· Motor or sensory neuropathy

· Vertebral body and pedicle are targets for mets

· Instability- gait disturbance

· General or localized paresis

· Laboratory findings:

· Micro or macrocytic anemia (myelopthisic)

· 3 types of anemia: normocytic, microcytic, macrocytic

· Myelophthisic- crowded, additional cells present, this is a normocytic anemia, right size cells but not enough of them

· This is also seen in renal disease, rheumatoid arthritis

· Microcytic anemia- in adult male or perimenopausal female look for blood, loss most commonly from GI or GU; iron reserves inadequate

· Increased sedimentation rate (ESR)

· Increase is due to presence of proteins in the blood causing RBCs to drop faster; these are fractured or broken proteins that make RBCs sticky

· Normal 15-18, if you have greatly increased SED rate indicates bone scan needed
· High sensitivity CRP is used to predict patient risk of stroke or heart attach

· Hypercalcemia/hypophosphatemia

· Proteinuria

· Bence Jones proteins from the plasma cell can clog the kidney causing renal failure; in myeloma the globulin proteins are overproduced

· Major protein is albumin, globulin protein is what you use to defend

· In multiple myeloma check for AG reversal (albumin globulin ratio)

· Normally we have more albumin than globulin however it reverses with this disease
· Monoclonal gammopathy

· These are the immunoglobulins G, A, M, E, D

· IgG spikes in the electrophoresis, shape of the formation is an M on the graph so it is termed M spike

Definitions:

· Neoplasm-  New growth

· Cancer- malignant neoplasms only, not benign

· Benign-malignant

· Malignant- high mitotic activity, metastasis

· Benign- very rare metastasis

· Tumor- space occupying lesion

· Primary- secondary

· Primary- where does the tumor start

· Secondary- metastasis

Destructive Features:

· Patterns of destruction

· Size of the hole in a bone

· Geographic- many centimeters

· Moth eaten- 1 cm

· Permeative- few mm, most aggressive that coalesce into moth eaten

· Zone of transition

· Edge of the lesion

· If you can put your finger on the edge of the lesion this is a sharp, short zone of transition that is probably benign

· Cortical erosion- periostitis

· Non-specific for infection and neoplasm

· Tumor matrix

· Stuff the tumor makes

· 3 types:

· Bone

· Cartilage

· Clear- this is the worst, just lucency

· Soft tissue mass

· Non-specific, differential includes trauma, abscess

Xray:

· Gas and lytic lesions have the same densities, in order to differentiate do the following:

· Change the position- recumbent to standing, gas will move

· Change the time frame- reschedule to x-ray 3 days later, in most patients bowel gas wil not remain static

· Pay attention to the thin portion of the iliac fossa

· Vertebral plana- compression fracture of the anterior and posterior portion of the vertebral body usually indicates malignancy
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Neoplasia (cont):
Neurofibroma:

· Enlarged neural foramen with erosion of posterior aspect of the vertebral body

· Aneurysm may also present with enlargement of IVF

· This is an isolated tumor on 1 nerve

· Dumbbell tumor is a description of the neurofibroma

· Patient may present with pain, paresthesia and functional deficits

Destructive Features:

· Patterns of destruction

· Zone of transition

· Cortical erosion- periostitis

· Tumor matrix

· What the tumor makes

· May be clear fluid

· Homogeneously dense matrix indicates bone matrix

· HME (hereditary multiple exostosis)- patient has multiple malignant tumors that progressively get closer to the spine, multiple osteosarcomas, produces bone matrix

· Soft tissue mass (nonspecific)

Features of Metastasis:

· Osteopenia- taking bone

· Patients 75 and older all have osteoporosis (universal disorder by this age)

· There is primary osteoporosis

· Postmenopausal- female 50 and over; lose trabecular bone

· 1 in 3 women over the age of 85 will die as a result of their hip fracture

· Senile- patient in their 70s; lose trabecular and cortical bone

· Pencil thin cortices

· Secondary osteoporosis- due to some other primary cause
· Medications

· Myeloma- bone marrow filled with myeloma

· Alcoholism

· Phosphorous laden foods

· Lysis- taking bone

· Missing pedicle is late stage of the disease

· Pathological fracture

· Sclerosis- making bone (blastic)

· Periostitis- soft tissue mass

Hemangioma:

· Most common benign tumor of the spinal column

· Loss of horizontal trabeculae

· Web of vessels that erode bone

· 98% are asymptomatic

· If patient has pain at that segment and you have clinical correlation do not proceed with manipulation until you have MRI because 2% of hemangioma grow out into the neural space
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Clinical Correlation:

· This is what we do all day long

· Take information and integrate into the patient’s case in a meaningful way

· We like a high correlation, coefficient of 1 would be perfect correlation, 0 would be no correlation

· Usually we are somewhere in between

· Example:  patient presents with knee pain following volleyball injury, incidental finding on xray is lesion in the bone; this has little correlation with the patient’s case presentation

· Does not mean you can dismiss what you find, but it means it has little to do with presenting symptoms

What are 3 diagnostic tests in the evaluation of the pediatric hip?

· Ortolani’s test- gentle pressure into the hip joint

· Barlow’s test- piston movement, gentle axial traction across hip joint

· Alis’ test- feet level and even with legs bent on exam table, look at knee height

· All of these indicate the cartilaginous portion of the hip is not in the acetabulum

· This needs to be diagnosed when patient is under the age of 3

· Treatment is usually bracing device to keep the femoral ossification center close to the normal acetabular relationship (Padlar Harness)

· If you don’t treat this will have high acetabular angle, can hamper normal activity; results in mushroom deformity of head of femur
· Osteoarthritis can result if patient is not treated

Periosteal reaction around the skull that is spiculated extending from inner table to outer table:

· Differential includes neoplasia, infection, and thalassemia

· Thalassemia is associated with individuals of Mediterranean descent

Acroosteolysis:

· Multiple differentials multiple

Search Pattern:

· Soft tissues

· Metal can be seen in the soft tissues (result of post-operative changes or bullets); metal is the most dense

· Lead accumulates in the appendix, this can increase serum levels leading to lead poisoning and mental status changes

· Calcification or ossification is next level of density (occurs in multiple tissues)
· Soft tissue swelling is the next level of density (may indicate need for other studies); can’t differentiate the cause of soft tissue swelling (STS)

· Sonography recommended to further evaluate

· Lowest attenuation is air and fat

· Gas is a possible finding in a diabetic patient’s soft tissue due to infection (this is usually going to result in an amputation)

· Gas may also be found in soft tissue due to trauma

· Fat in the soft tissue can be due to lipoma; majority will be found along the cervical column and lumbosacral area (don’t degenerate into liposarcoma)

· Liposarcoma is the most common primary malignancy of the soft tissue

· Periosteum

· Differentials that are possible with periosteal reaction include ischemia, neoplasia and infection

· Ischemia is usually found in diabetic, will see serpeginous wavy periosteal reaction in the tarsals

· Any periosteum seen on the bone should alert you to look at differentials, most commonly the reaction is the result of trauma (healing fracture or stress fracture)

· Cortex

· Fracture is interruption of the cortex

· Conventional acute fracture is crack in the cortex, usually goes through medullary bone

· Stress fractures are different, history of overuse, cyclic loading with overloading training

· Spondylolysis from repetitive extension

· Shin splints- medial tibial stress syndrome

· Lowest level is edema outside the bone

· Next is edema in the cortex

· Third level is edema in the marrow (fracture)

· Pathologic fracture- violation of cortex and medullary bone due to other primary cause such as osteoporosis, neoplasia, infection that weakened the bone

· Osteoporosis subtypes:

· Post- menopausal- Lose medullary bone

· Risk factors- female, caucasian, blonde, blue eyes, European descent

· Additional risk factors- smoking, high protein intake, alcohol, disuse

· To reduce factors- patient needs Vitamin D in conjunction with Calcium, need dietary implementation including low pH (need protein in the diet)

· Senile- Lose cortical bone and medullary bone

· Disuse is big risk factor for developing this type of OP

· Medulla

· Joint thickness

· Cartilage produces spacer in the joint, if its normal will have uniform joint space

· Osteoarthritis principle finding will be focal reduction of joint space

· RA takes out the joint space uniformly (instead of sclerosis will see osteoporosis); bone appears washed out

· Joint alignment

· Joint cartilage stabilizes and keeps the joint aligned (medial compartment of knee disappears and you have genu valgum)

· Ligament laxity can also affect alignment

· Joint function

· Cartilage again is key to maintaining function

Claudication:

· Definition:  pain with limp

· Intermittent or Vascular Claudication- pain is relieved when patient stops walking; atherosclerosis in the vessels is the cause;  endocrine system is the differential:  diabetes or hyperparathyroidism

· Need to look at circulation in the carotids and coronary vasculature

· Neurogenic Claudication- pain is relieved with flexion while walking, extension aggravates; lumbar spine stenosis, patient may have neural deficits

Curvilinear Calcification and Aortic Aneurysm:

· Indicates vasculature

· Abdominal aorta is on the left side of the lower abdomen

· After 5 cm considered a surgical candidate

· Stent can be placed if patient is not a surgical candidate

· Patient can have claudication as a symptom

· Rupture has high risk of fatality
· High risk factors: male, over 65, smoker or history of smoking, hypertension

· Patient with this profile needs abdominal ultrasound

