DX IMAGING #4 – 1/13/09
***  NOTE:  THESE NOTES HAVE NOT BEEN PROOFREAD FOR CONTENT AND ACCURACY…THEY HAVE BEEN SPELL CHECKED.  THERE WAS LITTLE TO NO TIME TO DO THIS DUE TO BOARD EXAMS…USE AT YOUR DISCRETION ***
*** Dr. Kettner has a 10 minute policy to leave early and you must ask for permission…If you don’t then you will be absent…The action is considered unprofessional and if recurring can be taken up with the professional committee ***
*** Syllabus Overview ***

*** Conferences are a bridge to remember the information…They are designed to be interactive ***

*** Communication is a critical component in the healing process.  You need to address the patient’s questions.  The patient needs and deserves to understand.  IN the clinic, you are the teacher.  You need compassion, patience, and discipline ***

 CT Advantages
Non-invasive:  Compared to surgery
Expedient:  Simultaneous cuts 16-32 cuts) can occur in seconds.  Patients in acute pain can benefit from this, unless they have neurological deficit.
Axial Display:  Accompanied by coronial and sagittal display.  Isotropic display (any plane and no blurs)
Paraspinal 

Bone Structure

2 Questions of advantages and disadvantages as well as indications and contraindications are important to ask.  Contraindications come in absolute (do not perform under any circumstances) and relative (use of clinical knowledge to weigh the application or not).  

Ex...Osteoporosis is a relative contraindication to HVLA.   Even lowering the force and amplitude may not be enough, but use of clinical judgment tells you this.  IN some cases elderly patients may need it, but in some cases the history of fracture will say no HVLA.
CT Disadvantages

Limited areas of study:  Ordered by region (some diagnoses may be missed to limited area of the study and/or imaging the wrong area)
Lack of intradural Anatomy:  (Only for CT)…You don’t see the cord in detail.  MRI has almost locked out CT from evaluation of the nervous system.  
*** Trust and empathy are triggers to healing events ***

We know classify CT doses of radiation as worrisome for the pediatric group.  CT scans are hefty dose of radiation.  Malignant growth in the pediatric population may emerge due to overuse of CT scan.  The fear has not been fulfilled, but experts predict more malignancy in the future (10-20 years).  

Radiation is a known carcinogen and needs to be used with caution and clinical indication.  

CT may detect little calcifications better, calcifications that in the brain could be significant tumor.  
CT for bones and MRI for soft tissues and even this model is incorrect.  The absolute is MRI for neuron-imaging.  MRI is the best tool for imaging of neural structures (brain, cord and nerve root).  CT dominates in the chest, abdomen and musculoskeletal problems.  

CT Contrast Studies
*** Image of Lumbar Spine ***

Contrast fills the dura and shows borders.  Borders evident are vertebral body abuts the dura and dural arch.  The flavum is back there.  IN front of the dura is vasculature (epidural plexus).  The neural foramina bilaterally are present.  The facet abutting the neural foramen is the superior articulating facet.  The inferior articulating facet is present.  Hyaline cartilage is between the two.  Cartilage can undergo degeneration.  Severe degeneration can lead to degenerative spondylolisthesis.  

*** Know the difference between the types of spondylolisthesis ***

The critical paraspinal structures are anterior to the vertebral body.  At L4, you get bifurcation of aorta into the iliac arteries and bifurcation to the veins.  The aorta bifurcates into the iliac arteries.  IVC starts to approach the bifurcation at L4.  Flanking laterally and posteriorly is musculature.  The major muscle flanking the column down to pelvis is the psoas muscle.  Psoas mechanics are critical.  Erector spinae are posteriorly and laterally.  Straight laterally is the quadratus lumborum (off the TP’s).  The multifidus is the muscle getting a lot of attention.  The multifidus abuts the arch and spinous.  It is a medial (most medial) muscle of the column.  The most medial muscle is the multifidus (below C3-C4).  The multifidus is a priority muscle, supplying proprioception into the cord and brain.  Damage to the muscle is common.  IN many cases, surgery damages the multifidus.  You’ll see atrophy to that muscle. Chronic pain as result of headaches and whiplash shows atrophy of the multifidus.  Multifidi have big proprioceptive input.  
Muscles should be seen as nerve endings generating afferents.  Most pain we see is of muscle origin.  Even the degeneration of the cartilage and joints may be due to referral to the muscle.  We can get quick, pain management with arthritic conditions still there due to relaxation of the muscle.  
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BASIC FACIAL SERIES
3 Films

Simple Rules for Inspection
Look at orbits carefully:  60-70% of all facial fractures involve the orbit

Know the most common patterns of facial fractures and look for them

Bilateral symmetry can be very helpful

Carefully trace along the lines of Dolan when examining the Water’s view in a facial series

Three anatomic contours

Direct Radiographic Signs of Facial Fractures
Non-anatomic linear lucencies 

Cortical defect or diastatic suture

Bone fragments overlapping
Indirect Sings

Soft tissue swelling
Periorbital or intracranial air

Mechanisms of Injury
Auto accidents:  70% cause facial trauma (most are soft tissue)

Fights/Assaults

Fall 

Sports

Industrial Accidents

Gunshot Wounds


Less than 10% of all facial fractures occur in children (softer bones and more soft tissue injuries)

Types and Prevalence
Zygomaticomaxillary complex – AKA Tripod Fracture = 40%

Lefort 1

Tripod

Lefort Fx. 

Complex bilateral fractures associated with a large unstable fragment involves pterygoid plate)

3 Main Planes of Weakness in the Face
Maxillary Plane = Maxillary fold and the orbital floor

Subzygomatic Plane

Zygomatic Arch Fracture
Usually due to a blow from the side of the face

Cause flatness of the lateral cheek areas

Alveolar Process of Maxilla
Associated with several fractured teeth

Chest Films should be taken if all teeth ???

Smash Fracture
Severe comminution of the face (underlying skull injury is likely)

Ex.—Hit in the face with a baseball

Blowout Fracture
MOI = Blow to the eye, forces are transmitted by the soft tissues of the orbit downward to the thin floor of the orbit

Symptoms = Enopthalmos and diplopia (usually an upward gaze)

24% are associated with ocular injury

Nasal Bone Fracture
MOST COMMONLY MISSED NASAL BONE FRACTURE
Most frequently injured facial structure
Most nasal bone fractures…

Mandibular Fractures
Clinical Findings:


Facial Distortion

Malocclusion of the teeth


Abnormal mobility of portions of the mandible or teeth

Ring Bone Rule
Look for multiple fractures in ring shaped bones

Mandibular Fracture
Most occur in the body of the mandible
Double Mandibular Fractures
Mandibular Dislocation
May occur spontaneously during a large yawn

Considerable pain

Important Thoughts About Mandibular Fractures
Remember the ring bone rule

Symphyseal fractures
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*** Guest Speaker = Michael Vianin, DC ***
Chiropractors in Switzerland have the same rights as doctors in Switzerland.  Dr. Vianin works in a multi-disciplinary center in Switzerland in the Switzerland General Hospital.  

Case Presentation #1
50 year old woman, house wife

Chief complaint of left buttock pain of 6 months duration, abrupt onset without precipitating event

Pain exacerbated when loading left leg

The patient had epidural injection that didn’t improve with injection

Lumbar Rom full and painless

Left hip ROM painful and limited: Flexion (60), IR/ER (0)

CT scan performed by family physician

CT scan showed L3-L4 bulge and L4-L5 disc herniation

Vacuum sign is present indicating disc degeneration (discogenic spondylosis)

Family physician diagnosed left L3-L4 herniated disc after performing CT scan

Patient referred to a physiatrist within center for epidural injection

Physiatrist referred patient after epidural had no effect

Diminished Hip joint space was noted on X-ray (hip).  The bone became brittle and collapsed (but the condition was not due to AVN or osteonecrosis).  The person was in pain for 6 months and they assumed it was her back, but the exam yielded hip pain that led to referral to her low back.  The treatment was to replace her hip.  She got relief of her back pain.  The onset of pain was due to collapse of the bone (femur) due to mechanical forces.

CASE #2
24 year old man, security guard

Chief complaint of left leg pain of 3 weeks duration:  Lateral Buttock, latero-anterior thigh, anterior-knee, latero-anterior leg

Sudden Onset upon getting out of bed, no precipitating event

Constant Pain

Lumbar ROM full and painless

SLR positive at 45

Left quadriceps 3+

S1 reflex 1+

The doctor performed an MRI.  MRI showed mass behind L4 body.  Liquid and fluid filled area presented with myelogram.  The lesion presented with a different consistency.  The dural sac was displaced by fluid filled lesion.  The fluid filled lesion took up space within the dural sac.  The lesion is a SOL in the dural sac.  The DDx could include malignancy (glioma, neuroma), cyst formation/syrinx.   
The next step was biopsy.  The patient got worse and was sent to immediate surgery.  The surgery diagnosis was hemorrhagic cyst.  Following surgery, the pain and symptoms resolved.  
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*** 30 Handwritten reports and corrections are due…1 week is given to write the report.  The reports are to be handed in Monday by 8 AM in the “original” or “corrected” box in the radiology department.  Corrections must be written (corrected versions based on the resident’s read).  Corrections are due the following week.  Corrections and originals must be handed in for credit.  This is a CCE requirement, graduate requirement, and class requirement.  You start Monday Jan 26th at 10 AM.  You can skip a week, as there are 9 weeks of postings and 45 impression and we require 30 impressions or 6 weeks worth.  You must finish all 5 in a week to get credit for that week ***
*** Photocopy your originals and corrections to keep a record of your work ***
Craniovertebral Exam
*** Contrast exam – CT Myelogram***

Contrast runs into the craniovertebral junction.  Opaque agent is in the CSF.  This is known as a CT myelogram.  CT scans are performed very quickly.  CT scans are lightening fast and not done 1 slice at a time.  You obtain multiple slices (32, 54, 148, and 512) and the scans are over in a blink of an eye.  Pt’s can tolerate the scans very quickly.  

From the AA joint into the medulla, there is a difference in shaped.  Flanking the medulla is the vertebral artery.  The VB circulation supplies the brain and brain stem (posterior).  The mastoid air cells flank the area.  Temporalis, masseter, pteryoigds are present.  Colli musculature can also be seen.  The folds of the cerebellum in the posterior fossa are viewed.

The other cut is an AA cut (atlanto-axial cut).  The odontoid is between the lateral masses, the cord is present with the dura holding the CSF and subarachnoid space.  Rule of 3 by Steele divides the region into 3’s.  There are 3 compartments:  1. Odontoid 2. Spinal Cord 3. Space (In front and behind the cord).  7 mm for dens, 7 mm for cord and 7 mm for space (with the space divided into ½…1/2 in front and ½ behind the cord).  You roughly have 21 mm due to Steele’s rule of 3.

How far does the ADI increase when the neural arch of C1 smacks the cord posteriorly?  Given the #’s provided (normal ADI is 3 and you add 3.5 mm behind the cord) the ADI is 6.5-7 mm.  
AA instability = #1 Condition cause ADI instability and AA instability is RA (Inflammatory arthropathies…sero + or Sero -…Reiter’s, Psoriatic, AS, RA). Inflammatory diseases target a bursa near the ADI and affect the transverse ligament.  Destruction to the transverse ligament is common with RA.  Other causes of AA problems are trauma and Down’s Syndrome.

Foramen Transversarium
The Vertebral Artery is in the foramen transversarium as well as veins.  There is a plexus.  The venous structure is a drainage portal from the brain as is the jugular vein.  Fracture may impede arterial flow from the brain and impede drainage from the brain.  Either arterial or venous impediment here leads to stroke.  

Stylohyoid Ligament
Physiological Calcifications can occur here

Parotids
Viral infection of the parotid (can occur in monks).

Mid Cervical Spine

*** Contrast Exam ***

The contrast is injected and fills the Subarachnoid space/thecal sac.  The exiting nerve roots go through the axillary pouch.  The pouch signals the transition from central to peripheral nervous system.  This is where the nerve root begins.  While in the thecal sac, it is called the traversing rootlet.  The volume ratio between neural foramen and nerve root in a normal spine the space is normal.  Stenosis is a leading agent for nerve root compression as well as DJD.

Extraverterbal vasculature exists in the canal (ant to dura and post epidural space).  

3 sets of DDX in reference to the dura (outside o the dura)

 #1 and #2 Extradural/Epidural:  Most common extradural masses = A). Under 50 = 1). Disc Herniation B). Over 50 = Degenerative spinal Stenosis
Under the age of 50, 20-25% has herniations in the lumbar spine and slightly less in the cervical spine.  A large % of patients have asymptomatic herniations.  Trivial neck pain and they get worse under trial of care and they self discharge and go somewhere else and develop herniations, this sets the ground for malpractice.  This is a tough defense unless pristine notes.  The notes do not document neural signs and you think pain is soft tissues (not disc).  You cannot prove it is .  Do not scan everyone’s neck, but there is risk.  Early on there is no pain, there is paresthesia.  You get a congested nerve root and then you get pain.  Pain and paresthesia together present later.
Chavetz:  Looked at 100 random C/S MRI’s…He found 7/100 with cord displacement by stenosis or herniation.  None of those patients had symptoms when asked.  They perceived nothing wrong.  If this occurs slowly, you won’t have symptoms.  Your body will adapt.  If you do electro diagnostics, you will detect the condition as they are sensitive.  Electro diagnostics will detect the condition early on, but it is expensive  Our physical exam is thus not sensitive early on.

#3 Malignant body (local metastasis – vertebral body that comes into the dura…myeloma and metastasis from myeloma….70% of the time that occurs with multiple myeloma…It generates pain, sensory and motor loss.  It presents similar to herniation)  

#4 Epidural Abscess = Collection of material outside the dura….White count is often elevated and it is an SOL.  SOL creates pain, sensory and motor deficits.

#5. Epidural hematoma = Many patients are on anticoagulants.  Single out anticoagulant therapy (ex. Coumadin).  Be very careful, because they bleed.  Anticoagulation therapy can lead to leaky vessels.  The vasculature becomes leaky and the red blood cells leak out.  The patients rapidly bleed with cord compression, lose motor power and often fall down.

*** You’ll see the first 2 (herniation and degenerative stenosis) all day long in practice.  SMT does not produce disc herniation.  There is not a shred of solid evidence for this.  ***
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*** CT Contrast Exam ***

Thecal is a limiting membrane which gives a series of differentials.

5 disorders of the epidural space and give rise to local pain (dura).  With compression of the cord, gives rise to myelopathy.  Radiculopathy (LMN signs and symptoms may be present

1. Disc herniation (under 50)

2. Stenosis (over 50)

…These patients do not need root or cord compression.  If they do it can be either symptomatic or asymptomatic.  Low grade cord compression can be asymptomatic.  Physical

SUBDURAL SPACE DIFFERENTIAL
The differential is intradural mass.  There are 2 subtypes: 1. Extramedullary 2. Intramedullary
Intradural-ExtramedullaryCategory
Inside the dura but outside the cord. The masses are:

1. Neurofibroma

2. Meningioma

Intradural – Intramedullary Category

This is a spinal cord lesion.

1. Ependymoma (adults) = The most common tumor is a function of age (adults) .  These are the cells that line the central canal and spinal cord.  The tumor grows in the cells in the 
2. Astrocytoma (Children) = 

IN general tumors of the spinal cord are rare.  You’ll see 1 spinal cord tumors to 10 brain tumors.  

3. MS (multiple sclerosis) is the most common de-myelinating disease of the cord.  It will increase cord size, but not as much as a spinal cord tumor.

4. Syrinx = Fluid filled cyst that can grow congenitally (syringomyelia).  Cervical cord trauma and tumor may also produce syrinx.  This can also occur in the post-operative period of spinal cord surgery and injury.  The fluid may be post-op syrinx.  
You cannot differentiate axial and neuron deficit from epidural to cord lesions.  They present the same clinically.  Failure to advance a trial of care is often the way to come a diagnosis.  We assume (usually) an epidural presentation for prolonged pain with or without axial pain (cord or root signs).  We cannot test (physical exam and radiography) to help gives us a definitive diagnosis.  Lack of response to trial of care (failure of care) is the indicator to pull the trigger on further lab testing or imaging.
*** MRI ***

14 year old with “neck stiffness.”  There is night pain and unresponsive to trial of care.  The cervical spine cord width is severely increased in the C/S.  This is cord tumor enlargement that is typical of a spinal cord tumor (T1 exam).  On the T2 exam, we see tumor (large sized) that is about 7 segments long (C1-C7).  The complaints don’t raise clinical suspicion (“stiffness”).  Also on this film, you see a tumor based cyst in the C1 area of the cord.  This is a neurosurgical consult.  The patient had ependymoma (even though the patient was 14 years old).  Apendymoma has cleavage planes that are separable and has a better surgical prognosis than astrocytoma.  Astrocytoma meshes with the cord more than ependymoma.  The child had multiple level laminectomy.  X-rays later showed kyphosis due to lamina removal.  The lamina were closed with plates at 2 levels to get to the cord, leading to kyphosis.  The rehabilitation techniques did not slow down the ant.-forward head carriage that ensued.  

The child may be at risk for later stabilization and fusion due to the laminectomies.  The tumor did need removal and the surgery was successful at doing so, but at the risk of provoking/causing cervical pain.  

*** CT Scan with Contrast – Extradural Lesion ***

Soft Tissue window is present.  This is a left sided problem (+ test..left side of the screen). The problem is epidural/extradural.  The problem is epidural.  The differential list will be used for epidural problem.  Due to patient age, the most likely is herniation.  WE cannot call this degenerative stenosis, because we don’t see osteophytes and this is a soft tissue window.  From the scan, we can’t tell if the patient is symptomatic or asymptomatic.  

The treatment decision to be made.  This patient may benefit from trial of care for 3-4 weeks.  Some treatments may be soft tissue mobilization, manipulation/mobilization, modalities as needed for pain control, neuromobilizations.  

Expectancy and outcomes almost have a linear relationship.  Amplify expectancy to the patient, but if the patient does not have a clinical response, then change your testing strategy.  This patient may need a later MRI or neurosurgical consult if they don’t make progress.  

*** CT Scan – Bone Window without contrast ***

Bilateral axial pain with radicular symptoms….The scan is +.  The mass is extradural and shows osteophytes.  This creates “sausage shaped canal (Oscar Meyer Sausage sign) by degenerative stenosis.  Herniation and stenosis can occur together, but they are usually in herniation.  
Infection and cancer develop due to Badsen’s Plexus.  The vasculature is very supportive for spread of metastatic disease into the spine and adjacent levels.  
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*** New Case Impressions are up…Hand write the corrections on a new sheet of paper and hand those in with the 2nd group of originals…5/5 means that 5 originals and 5 corrections have been credited  ***

*** CT Scan on Overhead (Non Contrast) with Soft Tissue Window – Thoracic Spine ***
You can’t make out the cord.  CT has a big disadvantage of non-contrast exam of non-visualizing the cord well.  It is nowhere close to seeing the cord as MRI is.  

This study is a + study.  The abnormality is on the L side and is extradural.  The DDx list is (selective the best differential in the list), the most likely is disc herniation.  L sided extradural mass.  The patient is about 40 years old.  
*** Contrast Exam of The Arachnoid Space Around Cord – Myelogram ***

The transverse diameter of the thoracic cord is a + myelogram.  The abnormality is .  Compare thoracic cord with the cervical cord and you find intradural mass.  This patient has a lesion of the spinal cord.  The term attached to intradural classification is intramedullary (in the cord).  This is an intradural-intramedullary problem.  Axial pain, sensory loss, motor loss in the lower extremity are present. The cord fattens up the T/S because of enlargement.  This is a cord tumor (adult – ependymoma …. Child = astrocytoma).  Spontaneous dislocation of the GH joint may indicate fluid filled cyst of upper thoracic spine or lower cervical cord and be syringomyelia.  The radiography had uniform increase in size of the cord.  The size of the cord is inflated.   

  MS will also make the cord fat, but there is local increased cord size.  Tumors can make the cord regionally big and is the best in the differential.  You cannot differentiate between herniation and cord tumor via physical exam (nothing distinguishes them except failure of care and progressive neurological deficit).  This trial of care should be a couple weeks, not months.  

*** Thoracic Spine ***
Differential list is the same with the exception of referred pain.  Referred pain from the viscera is 2%.  98% have pathomechanical problems.  
There is the IVD, Costovertebral Joints (2 of them), Costotransverse Joints (2 of them), Apophyseal Joints (2 of them) = Joints of the Thoracic Spine.  7 joints that can be dysfunctional and you cannot truly differentiate the pain generator via clinical grounds.  Anesthetic into joints is good conformation that the site of pain generation is accurate, but we cannot administer anesthesia.  When you manipulate, you deliver forces to several area and induce mechanoreception at several areas.  Pain can also arise from muscle and neural sources.  Neural sources involve the cord.  The thoracic canal is very small with a larger cord and smaller canal/cord ratio.  Small osteophytes can create cord compression and myelopathy.   

Viscera
In intimate contact with the vertebral column.  The aorta is in the L thoracic spine, goes through diaphragm and goes down to the lumbar spine.  It is connected to the vertebral body.  Dilatation and aneurysm when growing is symptomatic.  They’ll have pain in the thoracic spine.  Thoracic spine pain will be indistinguishable.  

Dissection and Aneurysm of Thoracic Aorta

Dissection in the thoracic spine is independent of aneurysm.  This creates high intensity pain that runs down to the buttock and low back.  Dissection is typically accompanied by vital sign abnormalities. The more pain the patient is in the more quickly and more frequently you accompany vital signs.  VITAL SIGN ABNORMALITY WILL BE THE ONLY CLUE.  This patient may not make it.  The system that kills quickest is the vascular system.  The # of hypertensives in the US keeps climbing, so aneurysm and/or dissection will climb.  The risk factors are smoking, age and hypertensives.  
Stable aneurysm is not a pain generator that brings the patient in.  Dissection is a definite pain generator.

3 KEY DIFFERENTIALS OF THE T/S

1. MI 2. Dissection 3. Pulmonary Embolism = TRIPLE RULE OUT…Get rid of the 3 to treat the patient.  This is typically ruled out by CT scan of the chest.  
Other Organ Systems- Esophagus
GERD = Chest pain, sour taste in the mouth are symptoms….Often times angina and MI present with severe chest pain as well as GERD.  Watch out for heartburn over 50 as it may be ischemic heart disease and angina.  Internists and Gastroenterologists need to be used.  
Ulceration of esophagus can occur.

Barrett’s Esophagus = ay give rise to carcinoma

Lung

No nociceptors in the lung tissue per say.  There are nociceptors in the pleura.  

Costovertebral Joints
More attention is paid to the area with cardiopulmonary symptoms and the costovertebral joints.  Patients may come to the emergency department with chest pain.  They don’t have cardiac, pulmonary or esophageal problems (about 1/3).  The default angina presentation after cardiac is ruled out is often esophageal.  1/3 has ant. chest wall syndrome.

Chest wall syndrome creates angina and often is from musculoskeletal system.  The best guess it the costoverterbal and costotransverse joints.  The problem may present as with having an embolism.  The joint nociceptors turn on sympathetics and make HR, breathing, and others abnormal.  So the 2 joints are a definite source of ant. chest pain.

Trial of care and treatment can resolve the ant. chest pain, but patients do require a workup. This is especially true if they are over the age of 35.  The most common cause is Tsietsie’s syndrome (??? – anterior chest wall pain from musculoskeletal sources (ribs, cartilage, thoracic spine, etc.).

Pleurisy

Pleural inflammation will produce pain with deep breath.  This is called pleuritic pain.  The common differential is rib instability (mechanical instability of costovertebral or costotransverse joint).  This is accompanied by chest wall pain and/or thoracic pain.  
T/S Imaging

Role of imaging is obvious due to the differential list.  
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Plain Film 
When we are not sure, clinical indecision, then testing strategies begin.  We use testing strategies, to give us a green light in some cases to begin trial of care.  Radiography can help us make the decision to begin trial of care.

*** X-ray on Screen ***

The arrow on the film indicates a piece of bone.  There is a fracture that is at the anterior superior margin of C5.  this is an avulsion fracture.  The mechanism of injury was extension.  Avulsion fracture is a soft tissue injury with bone attached to the ligament.  The soft tissue injury poses the most significant consequence.  The tear is in the ALL.  

There is 2 things to worry about with C/S injury.  Tubes can be compressed from outside or plugged from inside.  Pharynx in this patient has undergone compression as a function of prevertebral swelling.  We have a stripe of soft tissue swelling.  The airway is under compression.  Plugged from inside would indicate obstruction from the inside via food or other foreign body.  So, in this film, prevertebral swelling occurs from the avulsion (soft tissue) fracture.

The third finding in this film is abnormality of the disc space/joint space between the C4-C5.  The ALL is ripped and the joint springs apart.  The ligaments keep the joint space together.  Soft tissue injury to the ligaments lead to separation of the joint.  The vertebral body parts separate.  We see more joint narrowing than widening.  Joint space narrowing lead to 2 differentials:  1). Arthritide 2). Infection.  Joint narrowing with destruction 
** Femur X-ray ***

Transverse Fracture is present.  Transverse fracture in the elderly is especially troubling.  The 3 fracture categories are: 1). Stress 2). Completed/Acute 3). Pathological.  This film has pathological fracture.  The cortex is very thick in the ischium and a very dense femoral head.  This is Paget’s disease.  Deformed bone will fracture.  Fibrous tissue does not make good bone and leaves the patient susceptible to fracture.  Spontaneous fracture is very troubling.  The cortex is way to thick indicating Paget’s.  The bone formed is inefficient bone (lack of tensile strength).
Ideal Contrast
Contrast means 2 things: 1). Put into the patient and enhances radiographic contrast….Use the term contrast when describing a chemical put into the body.  The chemical contrast agent enhances the radiographic contrast.  Ex.  You can’t see the dura without contrast, but adding a contrast agent will help visualize the dura.  Compression will displace the dura and the contrast agent to identify.

*** CT Myelogram ***

Used in place of MRI.   MRI is the first stage of imaging if tolerated.   Older contrast agents had 7% chance of arachnoiditis that can lead to chronic pain, irritation/inflammation of the arachnoid area, and other consequences.  Arachnoiditis today is very unusual due to new agents used.  Today the most common complication is headache.  

*** Contrast Exam ***
Spondylolisthesis is present on the film.  The causes of spondylolisthesis are…Degenerative changes in the joints can lead to spondylolisthesis.  The 3 F’s are 1 Female 2. Over 40 and 3. L4-L5.  The pars are intact in the degenerative patients.  The isthmus of the pars are normal in the degenerative spondylolisthesis patients.  In this patient, they’ll get spinal stenosis due to arthritis in the apophyseal joints.  You also see in this patient in this film spondylosis.  The primary category this condition belongs to is arthritide.  L4 is the most common vertebral level.  The joint would be L4-L5.  

Spondylolytic Spondylolisthesis often happens when the patient is a child.  Look beyond the spondylo for pain.  Facet syndrome, annular tear, myofascitis are painful and the spondylolytic spondylolisthesis are not painful unless active and unstable.  Doing HVLA on an unstable segment is not advised.  The patient will come in with pain.   These patients need stabilization.   The category that this condition belongs to is TRAUMA.  This is not a trauma.  The primary etiology is STRESS FRACTURE.
Active spondylolisthesis is painful event.  This is linked to instability and is symptomatic.  

Spondylolisthesis Acquisita = Due to surgery removing the lamina (iatrogenically induced).

SPONDYLOLISTHESIS IN THE C-SPINE IS CONGENITAL…They usually miss chunks of bone.  Aplastic pedicles, aplastic facets lead to lack of alignment.  The exception would be a fracture of the neural arch or dislocation (acute).  Facet or pedicle missing indicates congenital problem.  

These are tough cases that require aggressive treatment until you get a clinical response.  

*** Contrast Exam -- IVP ***

The patient is missing a kidney.  The other kidney doesn’t look like the other one.  The patient was unresponsive to trial of care.  If the MS system, is not responsible for Lumbar Pain, the second most likely system is the Urogenital System.  Referral of pain in this patient comes from urogenital system.  The ureter lies over the TP’s and you hunt for stones there.  In this film, you see contrast agent barely filling the R kidney and the R kidney is huge in size.  This patient has hydronephrosis.  The kidney is always in a state of excretion.  Hydronephrosis can be a stone.  The patient actually had a clump of lymph nodes wrapped around the ureter.  The biopsy showed ovarian cancer.  The cancer spread to the nodes and increased the size of the kidney due to backup of urine.  The enlargement of the capsule around the kidneys carries nociceptors that triggered the sensation of back pain.  The back pain came from nociception of the capsule of the kidney referring to the low back.  
This patient needs an internist.  The worry was for the renal system.  The patient was referred to the urologist and to a OB/GYN to treat the cancer.  To pick up a mass in the pelvis, it has to be over 7 cm.  We don’t see lesions/masses often in the pelvic bowl.  This is a radiographic blind spot.  Everyone after 50 has degenerative changes, and don’t be quick to ID the degenerative changes as the pain generator.  Trial of care is the most important diagnostic test and if it fails, refer out for further testing.  
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Scintography
Bone scans refers to the study of metabolism of the skeleton, soft tissues and vessels.  Bone scan is the 3rd phase of 3 phases of the test.

Skeletal Scintography
1 = First phase is the angio phase.  Outlines of large vessels occurs.  This takes 30-40 seconds

2 = Second phase is the blood pool phase.  Blood leaves the vessels and enters the soft tissues.  This occurs at 5 minutes.  The scanning lasts for a couple of minutes.

3 = Third phase is the bone scan.  This occurs at 2 hours post injection.  

Typically, we want the third phase.  In some cases, the first and second are needed to answer clinical questions.  Ex.  Infection of soft tissues in a diabetic…Does the infection go into bone?  We often see infections in the calcaneus due to superficial friction, leading to inflammation and infection, particularly in diabetics.  The case progresses very quickly due to weakened immune response and loss of vasculature and leading to amputation below the knee.+ Angio Phase would be present.  The patient can have blood pool + in the second phase.  The third phase osteomyeliits can also be +.  IN this example all 3 phases are +.

Ex. Stress Fracture…Sclerosis is repairing response and would have a + 3rd phase of a bone scan.

The isotope is technicium 99.  The isotope is tagged to a phosphate compound.  We can chemically link many things (ex. RBC, WBC, Osteoblasts, etc.).  We can even do molecular imaging.  Phosphorus and isotope (tech 99).  Phosphate goes to the fracture site.  We can pick up a fracture and occult fracture before it manifests on plain film.  Abnormal metabolism is found with bone scan.  The sensitivity of this exam pushes 95-97%.  If the bone scan is -, the skeleton is most likely clean and this takes out of the picture the skeletal system.  You may also disclude metastatic disease to the bone.

This test has low specificity.  You can find a problem, but don’t know what it is.  Everything can be + in a bone scan, stress fracture, osteomyelitis, malignancy, Paget’s, occult presentation, etc.  

Wherever the skeleton turns over, indicates osteoblastic activity meaning the isotope hangs around.  We use the term adhesion of the isotope.  Sites of turnover are called Hot Spots.  Hot spots are areas of bone turnover.  + Bone scans need correlation to clinical findings, other radiographic exams and lab tests.  A + bone scan in the vertebral body and – radiographs is almost always metastatic disease.  The most aggressive cancers are bone scan – like multiple myeloma and have + radiographs.  In some cases bronchogenic carcinoma will also be – because there is no bone in the area.  The only exception will be fracture.  
The whole body is equivalent to a 5 View lumbar series on a screen-film combo used in the 1980’s (PAR-Speed).  The 2 contraindications are: 1). Pregnancy (it will cross the placenta) 2). Dehydration.  The patient must come loaded with water because the ½ life is 6 hours and they must pee it out.    

*** 44 Year old male with radiograph on screen…He has persistent LBP over 8-12 weeks.  The AP radiograph shows good disc spaces, normal pedicles, and normal end plates.  The films are normal.  The patient doesn’t respond to trial of care.  The Bone Scan shows hot spots in the SI Joints (normal to bone scans) with abnormal vertebral body hot spots in the upper lumbar and lower thoracic spine.  The bladder is a target organ and takes the hit with the agents.  Quick hydration gets the agent out by urination.  The DDX when the entire vertebra carries the agent is infiltrative disease.  This sounds like malignant disease.  The DDX list would be in a 44 year old male with this history would be:  Multiple Myeloma (most common primary bone tumor – this would be cold on bone scan), Hodgkin’s Lymphoma (2nd most common primary bone tumor – this would be hot on bone scan).  ***

Bone Scan can help find multiple lesions due to multiple hot spots meaning metastatic carcinoma.  The patient is in a battle for their life.
Bone scan is called PLANAR IMAGING.

*** Bone Scan ON Screen ***

Blood flow and osteoblastic activity produce hot spots.  Sinuses are bloody structures.  The mandible can show hot spots because of periodentitis.  This exam shows cervical spine hot spots due to arthrosis in the C-Spine.  Uncovertebral joint arthrosis shows as hot.  There is a 3% miss because tumor can hide amongst degenerative disease.  You must have plain film correlation.  The exam shows hot spots at the AC joints because the AC joints are subject to stress.

*** Spinal Bone Scan ON Screen ***

The scan looks at physiology.  This is one of the first tests that looks at function (physiology).  Blood flow inside of ribs…Rib fractures stay hot for a long period of time.  Rib fractures (most of them) heal with non-union.  You can’t keep the rib fragments still because you are required to breathe and move the thorax.  Pain is quite common and duration of pain is often lengthy with rib fracture.

*** Bone Scan of Pelvic Bowl ***

We see the bladder present in the lower pelvic bowl.  

SPECT
Cameras acquire view in 360 of radiation (gamma) output.  3 Dimensional acquisition allows you to select one plane at time.  You can make out the structures at one segment.  You command 1 slice of multiple data inputs, so you can acquire at any plane (transverse, sagittal, coronal).  You can compare the different planes to the planar (Bone Scan).   This is the preferred tool for spondylolisthesis.  This tool is the most sensitive tool.  SPECT is also used for tumor surveillance.  
SPECT exam is used to check for recurrence of malignancy and you need every ounce of sensitivity because of the life threatening nature of this condition.  
*** SPECT Scan On Screen ***

Patient comes in with hip pain and abnormal radiographs.  The patient goes to scintigraphy and some lesions are visualized and some are not.  There are skeletal hot spots corresponds to an abnormal radiography.  This is the history of carcinoma and metastatic disease.  The primary cancer was bladder.  You can’t tell the bladder was the primary cancer based on the bone scan because it is normally hot on bone scan.  Within several months, the bone scan come back the proximal femur, innominates, spine, rib cage, etc = Hematopoietic Site.  These sites were a magnet for tumor spreading because of blood flow.  A SPECT scan may have been able to differentiate quicker.  
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NUCLEAR MEDICINE

*** www.radlumc.kumc.edu/nucmed/ ***

Extracts threatening diagnosis particularly in oncology, particularly PET imaging.  We detect gamma radiation.  There is a window set in the gamma camera that ignores certain radiofrequencies and accepts others.  The patient sits on a couch that enters a gantry.  The patient is advanced into the gantry.  The area is a radiation area.  Nuclear isotopes are injected into the patient.  Agents typically last hours due to advancement in science.  

There is a triple headed SPECT scanner that identifies photon emission.  This allows planes of imaging (sagittal, axial, coronal, etc.).  The planes give good sensitivity.

PET Scanner
Patient enters the gantry.  It is a positron emitter.  Energy released and a sparq is checked for.  PET is more versatile than SPECT.  It can detect blood flow in small quantities.

PET-CT Scan

This will occur in the future.  You have both scans in the same modality.  The gantry has 2 scanners and 1 couch.  Functional info from the PET and anatomic from the CT.  The data is fused and there is overlap of data checking for metabolic activity with anatomy tied in.  Ex.  Stress fracture would show osteoblastic activity tied into anatomy via the software.  

Most PET scanners are sold today as combined PET-CT Scan

GI Bleed Scan
RBC’s are removed from patient and hooked with isotope and injected back into the patient.  Small bleeds can lead to anemia and RBC agent isotope accumulates in the site of the bleed to visualize the site of the bleed.  Even small sites of bleeds can be visualized.

Bone SPECT

Case Example:  43 year old male is evaluated for sacral fracture at S2.   The exam evaluates sacral fracture and facet fracture.  IV injection is administered with technicium 99 monodisphophonate (millicaries).  This patient had a 3 hour delayed SPECT scan of lumbar spine and sacrum.  The first phase = angio…Second phase = blood pool…third Phase is 2-3 hours later and is a bone scan.
The findings show focal areas of uptake (“hot spot”).   There is increased uptake of isotope due to phosphorus.  There is abnormal bone metabolism at S2.  S2 has a ho spot comparable to repairing bone.  Osteoblastic activity is occurring secondary to known sacral fracture.  Their was another “hot spot” with localization in the pedicle of L5.  This on the L side and it is consistent with bony production and healing fracture.  Fractures are not seen on other imaging may be visualized.  Normal activities is in the kidneys and extraction into the bladder was present.  The facet did not show abnormal uptake.

A hot spot needs clinical correlation.  Radiographs are complementary to Radionucleotide studies for correlation.

*** SPECT Scan on Overhead ***

We look at physiology, and not anatomy on radionucleotide studies.  There is a hot spot in the sacrum and in L5 on the sagittal images.  Transverse plane images show abnormality in the neural arch of L5 (hot spot) and sacral uptake.  Uptake of the isotope can occur due to vasodilation (increased flow) and osteoblastic activity.  The 2 reasons for increased uptake (hot spots) are vasodilation and osteoblastic activity.  The coronal plane images shows S2 uptake and L L5 isotope intake.  The key is that we are looking for asymmetric uptake in correlation with patient’s chief complaint.  This is a regional scan.  
Note:  

Multiple myeloma is notorious negative on SPECT and PET scans.  
Spondylolysis should never be used as fracture unless there is stress fracture involved!

PET SCAN

Positron emission tomography is what PET stands for.  This work was done at Washington University.  PET scans dominate oncology.  PET scans are no longer investigational.  These are very expensive studies.  PET scans can be $1400 or more.  You need to have a small nuclear accelerator to generate a positron agent.  Fluorine 18 is the most common positron emitting agent used and in order to produce that you need a cyclotron emitter.  Positron is antimatter.  Positron has the opposite charge of an electron.  Positron particles contacting other particles creates annihilation energy.  Fluorine is attached to glucose, because tumors have high glucose demands.  Tumors need glucose to keeps metabolic activity going.  Normal and abnormal metabolism both use glucose, but tumor demand is much greater. Annihilation energy can be detected by scanner.  

*** Case Example ***

A 47 year old female with known history of metastatic breast cancer.   Nodules were noted on the chest wall and skin.  CT scan was done.  CT of the chest showed R axillary lymph node enlargement less than 1.5 cm.  Planar bone scan was normal except for “fractures” in the R rib cage.  The patient was then sent for PET Scan.

The patient got an injection of fluorine 18 with deoxy glucose.  Glucose and fluorine circulates until uptake (typically malignancies).  A whole body scan was obtained.  The findings showed multiple metastases to ant. chest wall, abdominal, iliac nodes, R and L ischium, R and L femur, R ilium, L adrenal gland, R axillary lymph nodes.  The conclusion occurred after a normal CT scan.  Posterior scan and anterior scans were done.  Abnormalities were in the axillary nodes, inguinal nodes, spinal metastases, skeletal metastases, and adrenal metastases.  The point is that CT was – and PET is more sensitive for tumor identification.  
*** Patient Example – Solitary Pulmonary Nodule ***

PET scan measures the function of the mass.  Quantification of isotopic activity allows suspicion of malignancy.  Standardized uptake values (SUV) allows for definition of tumor.  Biopsies are still done, but SUV’s give tentative definitions of malignancy or benign tumors.  The 70 year old man n this example had marked increased metabolic activity in the lung.  The size was 8.5 cm, typically over 7 cm indicates malignant potential..  SPECT does not have the measurement sensitivity that PET scan does.  The tool is not as sensitive as a biopsy but can be used to raise suspicion for tumor.  
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PET

Neuroscience was the first discipline to use neuroimaging.  In the mid 1980’s, scans provided scientists the ability to understand brain functions.  The patient often times sits in the scanner and reads words.  Glucose will be uptaken in areas of vision and processing of visual input.  White areas are the most concentrated areas of glucose uptake indicating activity.  Human brain mapping provides the first leap in neuroscience.  Brain metabolism was measured via glucose uptake.

Another example is the generation of words from memory.  The brain never has a simple locus of activity, using a network of activity in many areas.  The network is predominantly memory related with generation of words.  The activity is also gender specific.  Male and female brains are different.  You will see more limbic event in females that males.  Emotional circumstances can be studied with slightly different areas visualized in the brain via PET scans for various emotion.  

Functional MRI has really outgunned PET imaging for neuro-mapping.  Human Brain Mapping and Neuro-Image are journals that discuss this topic.  

CT SCAN
Originated from X-ray tomography.  It began with slices, several centimeters of detail.  “Tomo” means to slice/cut.  Algorithms were generated for construction and reconstruction of tomography.  CT began in the 1970’s.  Kormack’s work was picked up by an engineer named Hounsfield.  He worked for EMI.  Hounsfield took Kormack’s work and applied it to CT.   By the 1970’s, computing power was sufficient to calculate tissue attenuation.  X-rays are sent through a patient and you need Kormack’s equation and computers.  The first CT took 4 hours and today it takes 4 seconds.  CT was the biggest advance in imaging since Roentgen.  The original CT concept was in 1930, but the first produced (commercially available) was in 1972.  CT scans weight a lot and need to be in basements.  CT’s require concrete floors due to mechanical forces generated.  
CT Numbers (Hounsfield Units)
Air = - 1000

Fat = -20 to -150

Water = 0

Bone = Less than 1000

The calculation converts tissue into numbers.

Brain Section
The brain is traumatized…There is a difference in attenuation between trauma and the surrounding brain.  The more water the less the absorption.  Less absorption occurs between water versus the surrounding brain.  The absorption is calculated in a 3 dimensional structure called a “voxel.”  

The attenuation is stored for thousands of voxels.  The voxels info is fed into a laser printer and the printer codes the info onto film.  Bone comes out white.  This is digital film production.  The laser changes the grayscale.  Grayscale is huge.  We can only identify 32 forms of gray.  These instruments have thousands of grayscale.  A CT scan is a computer generated image.  There is no cassette.   This is about absorption/attenuation, and the image is computer generated.  Any plane can be seen (axial, sagittal, coronal, oblique, and transverse).

*** CT Scan of the Skull ***

The skull has a depressed fracture.  You have bone sitting on brain.  Fracture of the frontal bone occurs that is comminuted (in 2 pieces).  You can change the plane.

*** CT Scan of the Skull ***

Sinuses are orbits are done in coronal plane.  There is a maxillary fracture impacting the sinus.

*** Contrast CT of Vertebral Column ***

CSF + contrast (subarachnoid space is visualized).  There is R sided finding of extradural abnormality.  Soft tissue herniation causes the defect.  There is a protrusion.  Correlation is needed on the patient.  Protrusion is usually less symptomatic than extrusion.
3 Herniations:  Protrusion, Extrusion, Sequestration….The third herniation is sequestration (free fragment).  

*** CT scan of the AA Joint ***

Thrust vector must be altered based on joint orientation.  

*** CT of the Spine ***

Non-contrast view is present.  This is trauma.  There is a vertebral compression fracture (comminuted or burst fracture). Compression fractures in the spine lead to CT leading to whether there is a fragment in the canal.  This is an important question to answer, that cannot be answered in most cases by plain film.

*** CT Scan of Hip  ***

Faint lucencies of the acetabulum are present on X-ray, but the lucencies are even more pronounced on CT scan.  The posterior column is fractured via the CT scan.  The posterior column is needed for weight bearing.  The patient is at risk for dislocation with posterior column fractures.   CT shines in the pelvis and hip.  The osseous structures of the pelvis and hip are very difficult to diagnose.  CT is also widely used in the skull.  Complex areas are where CT shines.  Female pelvis is another area where CT shines.   

*** Contrast CT ***

Injection into the Shoulder CT.  Air and contrast outline the structures.  The patient clunks on external rotation.  This is a classic sing for the capsule-labral complex.  Air in the capsule leads to suspicion.  The posterior labrum is gone.  The posterior labrum is detached.  This cannot be seen on a radiograph.  CT is better for the labrum.  Air is around the biceps and this is normal, as well as effusions.  People with RTC tears (large tears) get pain in the biceps.  Bicipital tensoynovitis is a common finding.  Tearing of the labrum with facture is called Bankart Lesion.  You may see the boney component on X-ray and the soft tissue on CT.  There should be a pointy cortex.  
*** Chest CT ***

Patient presenting with chest pain triple rule out:  Coronary Thromboembolism, MI, …CT rules out the three.  Chest abdomen and pelvis CT dominates imaging. 

*** Abdominal CT ***

Bowel disease, renal disease, liver disease CT is recommended.  

*** Midsaggital Plane 3D Image of CT ***

Fracture is present with directional displacement into canal.  This is retropulsion of a fragment from the vertebral body into the vertebral canal.  
*** 3D Reconstruction of CT ***

DDx includes malignancy or infection.  The normal bone density is above and the sponge like perforation into the pedicle and neural arch is porous.  Osteoporosis is porous and loses mass.  It is shrinking bone.  Osteoporosis is the result of infiltration of marrow, as a result of MALIGNANCY (METASTATIC DISEASE OR MYELOMA).  The osteoporosis is secondary to bone malignancy.  
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*** Dr. Kaeser Lecture…The powerpoint will be on the desktop ***
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*** Dr. Yochum Lecture ***

SEVEN WONDERS OF THE LUMBAR SPINE REVISITED
Arthritides
Decreased Disc Height

Spondylophytes
Vertebral endplate sclerosis (eburnation – laying of new bone next to the end plates)

Facet Arthrosis = Sclerotic reaction coupled with narrowing of space…Asymmetrical narrowing occurs.   Common 

Vacuum Phenomenon = Free nitrogen in the disc space

DISH
A variant of an arthritide.  It is written by Donald Reznick (great author of a radiology textbook).
Flowing anterior Vertebral Spurs = 4 Contiguous Segments

Relative Preservation of the Discs 

DISH starts at 2 levels and must meet the criteria of 4 to be diagnosed

Exuberant Calcification

Fibrous material allows the union to occur

Most common T7-11

2nd most common C/S

3rd Most common is L/S

A common symptom is Dysphagia

Lack of posterior joint disease
AS
1-5% of population

Initially:  Patchy periarticular osteoporosis, loss of joint definition, sclerosis predominately in the iliac sides of the joint (SI joints most commonly affected…The upper SI joint is spared and the lower 2/3 get the inflammatory reaction)

Stage 2:  Most frequent appearance found ion initial x-ray exam, superficial erosions create a pseudo-widening appearance

Stage 3:  Irregular bony bridges transverse the joint, eburnation diminishes, fusion completes (Once called Marie Strumbell’s disease)

Spinal Involvement:  “Poker Spine”….

Ossification of spinal ligamentous tissues, 

Seen as fine, vertical bridging at outer disc limit

Originates at the extreme of adjacent vertebral body margins (marginal syndesmophytes)

“Bamboo spine” occurs with marginal spurs.  Syndesmophytes are marginal, bilateral, vertical inflammatory spurs occurring at the end plate margin.  

Non marginal = Thick and occurring below the endplate margin.  Found in psoriatic arthritis and Reiter’s Syndrome.  

Look above the SI joint to the lumbar spine and T/L junction, 60% of the spurs begin at the T/L junction.  If the spines are fine and delicate, they probably have AS.  

Psoriasis and Reiter's typically present as unilateral, vs. AS typically presets as bilateral SI joint fusion initially.  In the late stages of the disease all 3 disease can present with  bilateral fusion.  IF this occurs, check the syndesmophytes to see if AS, Reiter's or Psoriatic is present.

Shiny Corner Sign = Reactive sclerosis at the attachment of the ALL

Square Vertebrae/Barrel Shapped = Loss of anterior vertebral body concavity of AS…Paget’s disease expands the vertebral body

Trauma
Step Defect = Recent fracture…Compression is the mechanism

Old vs. New = Sclerotic reaction when impacted with flexion leaves a white line below the endplate and a hazy line, suggests recent fracture due to bone impaction…A healed fracture shows remodeling and lack of hazy line…The definitive way to tell is MRI showing Bone marrow edema (sign of acute fracture)

Transverse Process Fractures are the Second Most common site for lumbar vertebrae to fracture (Contact Sports)…Can be hard to see if in the lumbar spine

Limbus Bone = Old avulsion injury, usually asymptomatic…May be related to some trauma

Chance Fracture = Lap Seatbelt injury…Horizontal Fracture through the neural arch and body.  Shearing force through arch usually T11-L1 giving empty vertebral body sign

Tumors
Metastatic Bone Disease
70% of all tumors are metastatic

Axial skeleton is a common site of metastasis

Radiographic Changes:  Need 30-50% of bone destruction to visualize any change on plain film…X-ray is not very sensitive modality for tumor..
Rarely is the disc invaded by tumor

Osteolytic:  Lung, Kidney, Breast, Thyroid…Example:  Sacral Ala is missing

Osteolytic Mets are harder to see than blastic Mets

Osteoblastic Mets

Ivory Vertebra:  DDX (Paget’s Hodgkin’s’ Lymphoma, Metastatic disease)…Metastasis (normal size and shape)…Paget's (expands the anterior margin and squares off enlarging)…Hodgkin’s (Pulsatile, Pressure erosion of vertebral bodies, anterior margin)

Mixed:  Breast, Lung, Prostate, Bladder…
Collapse can occur with pathological fracture
Verteba Plana:  Loss of anterior vertebral height and loss of posterior vertebral height
Wedged Vertebra:  Loss of anterior vertebral height, preservation of posterior height (benign)

Winking Owl Sign:  One pedicle lost and the other present…Pedicles vanish

Bone Scan:  Identifies about 85% of metastatic disease…MRI may be necessary for the remaining 15% of cases.

Multiple Myeloma:  Primary malignant tumor…Can lead to vertebral collapse…Loss of bone density can occur.

Solitary Plasmocytoma:  With a pathological compression fracture

Hemangioma:  corduroy cloth appearance….Can adjust these patients and it will seldom fracture

Pseudo-hemangioma appearance of osteoporosis

Tumors of Neural Arch


Osteoid Osteoma:  Usually occurs in long bones, usually has a nidus (tumor), the reactive sclerosis is the response to the tumor.  IF the nidus is removed, the sclerosis goes away


???

??

Aneurysmal bone Cyst:  

Neurofibroma:  Extrinsic to the bone, bony erosion, big IVF, pressure erodes that can leads to scalloping, Nerve sheath tumor

Vascular
Age 60-75

5:1 male predominance

Abdominal aortic aneurysms usually occur between the e renal artery and the bifurcation of the aorta

A measurement over 4 cm is required to make the diagnosis of an AA

Any measurement greater than 5 cm is worrisome to progress and rupture

Complete rupture will lead to death in 90 seconds

Only 5% live with dissections present

95% survive with elective surgery caught when less than 5 cm

Oppenheimers’ Erosion:  Occasional erosion, extrinsic vertebral body erosion casing “scalloping’ of the vertebra and back pain, occurs in only 5% of the cases…We don’t see these often, because they are diagnosed early
Treated with stents and graft
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*** Dr. Bonic is lecturing today ***

*** e-mri.com is a website that explains the physics of MRI ***

THE PHYSICS OF MAGNETIC RESONANCE IMAGING
Principles of Electromagnetism
A moving magnetic field can induce a current in a loop of wire.  The rotating magnet above induces a sinusoidal current that can be recorded.  
A coil of wire carrying a current induces a magnetic filed within and outside the core of the coil.  This is an electromagnet and the magnetic filed is produced by flowing current.

If this electromagnet were bathed in a jacket of liquid helium surrounded by liquid nitrogen, its temp would be brought down close to absolute zero and it would be able to conduct electricity without resistance.  This is known as a superconductor; most MRI magnets today are of this type.  

Metal will be sucked into the magnet (the magnet is very strong).  

The very first imaging modality is CT in head trauma.  CT is done because it is faster, because of the risk of metallic implants.  

Hydrogen Nuclei
Hydrogen makes up 80% of all atoms found in the human body.  Hydrogen nuclei with their single charged spinning nucleon have magnetism called a magnetic moment.  They behave like tiny rotating magnets represented by vectors.  Individual hydrogen proton magnetic moments are also referred to as magnetic diploes.  Under normal circumstances these magnetic dipoles are randomly distributed n space…

When the patient is placed in strong magnetic field, more of the nuclear magnetic moments align with external magnetic field compared to those that align against it.  
Due to this excess of low energy parallel spins, there is a net magnetization along the long axis of the patient which coincides with the axis of the static magnetic filed.  Using the Cartesian coordinate axis, X, Y, Z…

Spinning protons are like spinning tops.  If the upper tend of the top were given a push tin the horizontal direction it wobbles.  The wobbing motion is know as recession.  It is directly proportional to force of gravity.

Hydrogen protons wobble or precess about the axis of so as to describe a cone. This is called precession.  The frequency or Larmor frequency of hydrogen nuclei can be calculation with the Larmor equation.
Precession
The vector of spinning protons can be broken down into two orthogonal components:  a longitudinal or Z axis component and a transverse component lying on the XY plane.  Precession corresponds to the rotation of the transverse component.

Net Magnetization
Hydrogen nuclei do not rotate in phase.  

Hydrogen nuclei do not rotate in phase.  As such, the sum of all the microscopic transverse magnetizations
Summary
1. Patient placed in superconducting magnet
2. Net longitudinal magnetization of hydrogen nuclei align with B0.  in the Z axis

3. Hydrogen nuclei prescess out of phase with one another

Applying a Radiofrequency Pulse
The tissue within a static magnetic field can be exposed to a radiofrequency (RF) signal from a radio antenna called a coil.  The RF pulse transmitted into the body must be at the resonant frequency of the precessing hydrogen nuclei for energy to be transferred and imaging to occur.  

When the RF is applied, only hydrogen protons will respond to that RF pulse and precess in the transverse plane.  This absorption of the RF pulse by the hydrogen nuclei is called excitation.  Then the hydrogen nuclei return from this state of excitation to equilibrium or relaxation there is an emission of a Rf that is interpreted.
After a 90 degree RF pulse, net magnetization tips down so that longitudinal magnetization has disappeared and hydrogen protons precess in phase with one another in the transverse plane.  Once the RF transmitter is turned off:

1. Longitudinal magnetization recovers (AKA T1 relaxation)

2. Transverse magnetization decays…

After the 90 pulse, protons that were in phase begin to dephase in the transverse plane.  If the 180 pulse is applied, the spins will rotate over to the opposite axis and begin to rephrase.  As the spins come back together, the signal is measure with the receiver col.
How can a 180 degree pulse rephrase spins?
As the coil moves faster, there is a distance between her and the diphase occurs.  The application of 180 RF pulse is like turning around 180 degrees so that the two objects (hydrogens) arrive at the end point at the same time (re-phase).
T1 Relaxation
Once the RF transmitter is turned off, the hydrogen protons relax back to their pre-excited state and longitudinal magnetization recovers along the Z axis.  This is T1, longitudinal or spin-lattice relaxation.  The hydrogen protons emit the absorbed energy…

T1
TR = time it takes to run through the pulse sequence one time (AKA time between 90 degree pulses)

TE = Time of echo is the time between the 90 RF pulse and free induction decay

T1 Parameters …TR = 500 ms…TR = 30 mx

T1 is best for anatomy

White matter:  Short T1 time (white matter is white due to myelin which is high in fat) return rapidly to longitudinal relaxation fasters, emits strong signal, spears bright
Gray matter:  Intermediate T1 and relaxes at an intermediate rate;  appears gray on T1

CSF:  Has a long T1, returns slowly,, emits weak signal, appears black

Fluid Dark on T1 and White Matter (Fat, Yellow Marrow) is bright on T1
T2 Relaxation
Once the RF transmitter is turned off, the hydrogen protons no longer precess together.  As they fall out of precession with each other, transverse magnetization decays as they relax back to their 

T2 Weighted Image
T2 parameters…TR = 1500 ms….TE = 90 ms

T2 is best for pathology

Proton Density Image
PD….TR = 1500 ms

A combination of T1 and T2 images

Cortical bone is dark on T1 and T2…You check for bone marrow edema and soft tissues injuries with fracture.

Fast Spine Echo
Makes exam time shorter (34 seconds vs. 7 minutes and 17 seconds)

Ex…Dark signal intensity in the ventricles creating a mass affect

Ex.  Low Grade Astrocytoma (the most common primary malignancy of the brain….Multiple myeloma is the most common malignancy of bone)….The astrocytoma is heterogenous, intra-axial mass (in the brain parenchyma).  It has multiple tissue types leading to different colors

Ex. Insufficiency fracture….STIR (suppression of signal from fat and fluid…check for marrow edema)…We see a lot of bone marrow edema and suggestive of a fracture

Ex. RA = Pannus formation with multiple erosive formation with panus of the carpals…We can also see edema (STIR = signal suppression)…

Ex. Lung Metastases to Brain…FLARE (Fluid Attenuated Axial Recovery…Nulls signal from CSF to make abnormalities bright)…We see a bright metastatic lesion due to the contrast from the FLARE image
Ex. Pigmented Villonodular Synovitis….Hemosiderin and iron appears dark on MRI…The iron has low signal intensity on T1 and T2.  You can see adjacent effusion.  The low signal tells you it is hemosiderin, and adjacent to a joint is PVNS.

3 Areas Affected By Strokes
Axial T2 Flair…Increased signal and intermediate signal…The oldest is

Diffusion EPI…Oldest is dark, Youngest is bright

ADC  MAP…Oldest is bright…Youngest is bright

TPA can only be given within 8 hours

Stroke and CT

Most efficient modality in first 24 hours; looking for acute blood and hemorrhage
CT may be normal in 1st 2-6 hours

If non acute bleeding, can administer TPA
MCA Strokes
Stroke and MRI
Determine extent of stroke, origin and vascular territory involved
Determine non-ischemic cause of stroke (brain tumor)

Diffusion imaging is positive in 20 minutes to ???

Ex…Multiple hyper-intense areas on T2; strokes are ???

On diffusion they are all bright = Multiple acute strokes???
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MRI

Electromagnetic Spectrum

Long waves…AM Radio…MRI…FM Radio…VF…UHF…Radar…Infrared…Visible…UV…X-ray 

Elastography
MRI elastography is a new study, looking at the tight band at myofascial pain syndrome.  This technology quantifies the taught band, trigger point.  It lets you measure compression of tissue.  There is a certain compressibility of tissue.  When the tissue stiffens, we can quantify this by MRI wave.  Compression and deformation occurs by a wave.  Elastography is used at Mayo Clinic in the liver.  Liver elastography is more sensitive than palpation for cirrhosis.  

FMRI
Changing vascular function in the brain is studied.

MRI
Magnets are measured in Tesla.  1 T = 10,000 Gauss…Gauss is the unit of magnetic filed.  The earth’s field is .5 Gauss.  We are exposed to the planet’s magnetic field.  The core of the earth is in motion and creates a small field.  Typical scanners are 1.5 Teslas.  The technology is over 20 years old and adverse effects have not been shown.
IN 3 T Fields, depolarization of peripheral nerves can occur.

Radio station antennas are put on the patient and are called receiving coils.  The coils can receive and transmit waves.  The coils can even fit around the body part.  You need 2 things: 1). Big Magnet 2). Radio station (antennas).

Gravity, Electromagnetism, Strong Force and Weak Force (Both nuclear forces) = 4 forces of universe….The electric wave and magnetic field are orthogonal to each other.  1 wave creates the other and generates the other.  An electric field crates a magnetic field that generates an electric field.  The opposite can occur (magnetic -- -electric – magnetic).  

An X-ray is visible light at high frequency.  A slow frequency is microwave.  The same wave is there but different frequency .  There is an inverse relationship between frequency and wavelength.  

Radiowaves uses megahertz.  Listening to your radio in your car (88-108 is the spectral range in the FM band).  MRI radio waves are tuned to excite atoms (particularly hydrogen).  Specific excitation of hydrogen occurs.  This is called magnetic resonance.  There is atomic resonance, acoustic resonance (ex. hitting a piano).  Resonance is the movement of energy across space without barrier.  

Long Wave
60 Hertz…60 Hertz overlaps the frequency generated by the brain.  The brain has .5-600 Hertz.  .5 is the delta (deepest brain function next to death).  Delta is the deepest part of the sleep cycle.  0.5 is the most refreshing part of sleep.  This declines with age.  This is why elderly people wake up.  Elderly are in alpha and theta sleep (more superficial).  Magnetic field can be measured through the skull.  
Proton
Protons are everywhere in the universe, it is the most common element in the universe (hydrogen).  We are made out of water.  Water is a proton with bound oxygen.  Protons are unbalanced.  There are no neutrons.  It has a unique property of magnetic field.  Magnetic resonance uses the proton and can even use isotopes of phosphorus and potassium, but it is easier to use protons.  The magnetic field spins on an axis.  Spin is analogized with a top.  This is nuclear spin, a quantum principle.  We do see wobble (precession).  The wobble occurs like a slow down top.  Magnetic frequency changes the precession, 

You can make protons wobble if you are at the right frequency.  The protons wobble and can even tip over.  The protons can relax and give the energy back to the antenna.  The event is an induction event, a wave hits an antenna creating current.  Foyer transform in the 1800’s was working out decomposition.  Foyer transform can help identify where the signals come from in the patient, in a voxel.  MRI approaches less than a 1 mm of localization.  

The second magnet is called the gradient.  A slice is a focus over a thin area.  The gradient allows a slice to occur.  Gradients give X, Y, Z or axial, coronal, and sagittal images.  
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Signal Intensity Changes
All pathological processes brighten between T1 or T2…The vast amount of pathology brings in water
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T2 weighted scan vertebral body with bright spot on it and T1 shows a hole in the vertebral body (dark).  This means that tumor, infection or trauma is in the differential.  Spots give us concern for malignant neoplasm.

Example MRI
Mid sagittal, non-contrast MRI…C7 body and end plate shows deformity.  End plates are black lines that are parallel.  History of MVA can support an acute compression fracture.  OF the front of the body, appears as edema, swelling or even anterior herniation.  There may also be a fracture line on the superior vertebra, and  inf. endplate.  The abnormality is compression of facture (C7) and suspicion of compression fracture at the supra-adjacent vertebra (c6).    The space around the cord (black area) is CSF.  

The low signal intensity in the posterior area is nuchal ligament.  T1 shows dark fluid.

MRI Example
Bright IVD and Bright CSF around the cord indicate T2 study. The study is mid-saggital.  This is a + scan.  The abnormality is intradural.  The mass is intradural, intradmedullary.  The cord is pathological.  This is myelopathy.  Trauma created this myelopathy due to post-traumatic contusion of the cord.   
MRI Example
In the cord we see hyper intensity of this image.  A hyper intense lesion on the R side of the cord is present.  The area around the cord is black with white signal within the cord.  This is a T1 scan with contrast injection.  Contrast is gadolinium.  Gadolinium is only used with T1.  Hyper intensity occurs in t2 and t1 with Contrast.  If contrast is added, pathology stands out.  Pathology has abnormal vascular (trauma to the cord dilates vessels under inflammation and leads to leaky-permeable vessels).  Leaky vessels allow the contrast to get into the abnormal tissues.  

Post-op pain, use contrast to determine epidural fibrosis.  Epidural fibrosis takes up the dye, because it has vascular tissue.  Epidural fibrosis is a nightmare, with chronic pain syndrome.  Herniations do not take up the contrast dye and is manageable.  The fibrosis is scar tissue and surgeons won’t repeat surgery, because more scar tissue develops worsening the clinical presentation.  The differential is 2 things 1). Epidural Fibrosis 2). Herniation.  
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fMRI
Bruce Rosen, MD, PhD is a radiologist at Athinoula A Martinos Center (Harvard Medical School, Mass General Hospital, MIT).  He is a leader in fMRI.  Martinos Center is a world famous research center for brain research.  The leading scientists in neuroimaging in the world are there.  The center is run by all 3 institutions.  3T magnets are used.  Coils send signals into the brain.  16T magnets can be used for animals to measure cortical activity.  

fMRI can used BOLD (Blood Oxygen Level Dependent) technique with contrast to view physiological activities in the brain.  

MRI Timeline
1931 = Pauli proposes spin and magnetic moment

1933 = Rabi uses magnetic resonance to measure nuclear magnetic component
1936 = Linus Pauling and Coryel study magnetic properties of blood

1945 = ???

MRI Nobel Laureates
Rabi, Bloch, Purcell, Ernst, Wuthrich, Lauterbur, Mansfield

Robert Doumadian brought commercial MRI to the world.  The first MRI image was created by Paul Lauterbur.  The images are poor quality, but made without radiation.  

Doumadian didn’t win a Nobel Prize, Lauterbur and Mansfield got the credit and won the MRI.  Doumadian was outraged and took out adds in the New York Times with inverting the Nobel Prize image, a sign of distress.  There is no recourse, you don’t go back to the committee and try to win the award again.  The award is not given post-humously.  MRI changed the field or radiology.  
What is MRI
Apply RF energy to H in H20 molecules at high magnetic field (MRI 1.5T and beyond)…Note:  Earth 5x10 -5th T, and Human 10-6 and 10-9 T….The strongest field in the body is the heart because of ion flux, not the brain.

Gradients make a lot of noise and that can upset patients.  Patients with combat history are particularly susceptible. Structural MRI is still evolving.  

MRI Physics 101
150 lbs = 5x 10 27th Protons (hydrogen)

Precessing protons exist as parallel or anti parallel to the magnetic field.  Parallel is lower energy and stable, anti parallel is higher energy and unstable

Net magnetization is resonant spine systems employs density T2 and T2 tissue contrast

T2 tissue has TR of 2000 and TE greater than 75…T2 whiter gets brighter

Spin-Spin System-Coherent Spin System
Coherent:  They all spine together

Precession
Wobble…

Excitation

The analogy is personality…Some people like fast cars and boats…

During relaxation spins return to low energy parallel states;

Relaxation
Functional MRI
Structural MRI
Kinematic MRI
Movement is tracked…Example Cervical Flexion and extension occurs and is visualized…We look to the biomechanics  of the cervical joints and of the cord.  We are paying attention to the cord and movement of the cord.  Dural tension is of concern.  Is durra tension, involved in chronic pain or not?  This is kinematic MRI.  This is not widely available.  During extension the cord is close to the back of the canal and during flexion it is closer to the vertebral bodies.  Researchers measure that the cord is lengthened 2 mm with flexion.  The biomechanics of the cord is under investigation.  

Diffusion MRI (Tractography)
It measures water that is at microscopic levels…Water moving in and out of a cell.  Molecular measures of water motion.  This measures water rolling along an axon at microscopic levels.  Water moves along structures and MRI can take advantage of this (tractography).  

Example:  Coronal Image of the Internal Capsule…IN Cerebral Palsy, the white matter is variable (highly variable).  IN normal patients, the white matter is not variable (it is in a structured pattern).  

Axons are better developed on the R side of the brain with right handed violin players.  The plasticity of the axons is under investigation.  

MR Spectroscopy
Spectroscopy is the application of biochemical quantification.

Ex.  Glioma…The patient is being sampled for biochemical quantification.  The MRI is checking for acetylaspartate from biochemical damage.  Metabolites of tissues being scanned may be displayed in the spectroscopic scan.  This is being put into clinical practice now.  Spectroscopic exam may look for chemicals associated with disease (ex. cancer).  

This is a chemical analysis of 

fMRI
Stimulus (pain, motor, sensory, cognitive) --- Neural Response --- Hemo-dynamics --- MRI Scanner ---- Noise --- fMRI Response

You must excite a neural response.  You can use pain sources.  You can use some motor sources, but not much motion (finger or ankle only).  Cognitive can be fear (fear is part of chronic pain pathology).  Putting words on a screen in front of chronic pain patients will activate pain processes in the cortex (cognitive stimulus).  fMRI has 20-30,000 papers and is still a new technology.  The sensory system stimulates a response.

Oxygen is removed from hemoglobin.  The hemoglobin then becomes a magnet.  That is the principle that Pauling discovered.  The magnet of hemoglobin becomes a detectable signal change.  You measure blood flow adjacent to the functioning neurons (within millimeters of accurate).  
The engineers are trying to get rid of noise (CSF pumping, heart moving, etc.).  We look for signal to noise ratio to get a more clear picture.

Neuronal activities ---- Coupled ----- Metabolic Activities ------ Functional Brain Imaging

Cingulate Gyrus
Acupuncture Point Stomach 36…Acupuncture stimulation in absence of patient report of pain can show reduction in areas of blood flow in key areas…In a patient with painful subjective reports during acupuncture insertion, the pain network showed as red or as flowing blood to key areas.  

A specific few acupuncture points can be directly related to the homuncular tissue involvement.  The hand, feet, and face are the largest of the homunculus.  LI4 has the highest density of mechanoreception and is located in the hand.  

Neuronal activity were less active and needed less blood flow (strokes did not happen).  
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AXIOMS OF RADIOGRAPHY
Orthogonal projections are needed.  WE transform info from 3D to 2D, so we loose information.  Multiple views, orthogonal view are needed via patient rotation to get more of the 3D image.  Never do 1 view!

*** Skull View ***

Parietal bone has 4-5 cm radiolucency.  The lucency has an opaque and sclerotic margin.  The next step is categorical association.  You open the VICTANE system.  

2nd view of the skull series = Shows depression fracture.  You would have missed it if you took 1 view.  The fracture is likely causing hematoma to the brain.

The series is important.  Take the series list, as it is the standard of care and apply it in your clinic.

Clinical Correlation

***AP Knee ***

The view is of a football player that sustained a rotational injury to the knee.  There is a radiolucency in the tibia.  Does the radiolucency cause knee pain in the football player?  The lucency has some sclerosis.  A hot light shows thin cortex, but cortex present.  If you were betting, the lesion would be benign bone process.  Palpating the lesion would be negative.  The collateral ligaments would be tender.  You examine the patient and correlate with a radiography.  The lesion is a benign osseous defect that is a tumor.  You tell the patient that this a defect in the bone without local correlation.  No follow up is necessary, unless it hurts.  The bony defect is more susceptible to pathological fracture.  In fact, fracture generates bone which helps the defect heal.  The point is that clinical correlation is necessary.  

*** AP Pelvis of Child ***

Ossification of the proximal femoral epiphysis occurs at 6 months.  Pediatrics is entirely clinical, as children can’t point to the area of pain.  Pediatric hips get Ortolani and Barlow’s.  Externally rotate and abduct (look for Clunk) in Ortolani.  Barlow’s is axial traction and compression.  Barlow’s, pull the hip and if the hip comes out there is a click.  Allis test occurs when the patient is supine, the feet comes up on the table and one knee is shorter than the other.  The shorter knee indicates side of hip pathology.  
The right side hip is subluxed.  The femur is high because it is subluxed.  The genesis of the click is not cavitation.  The click is due to instability.  The cartilaginous-femoral head is banging into the labrum of the hip joint.  Femoral acetabular impingement (FAI) syndrome (banging into the labrum) of adults can occur with subluxed hip.  The problems starts and you the progresses into adulthood.  Flexion of the hip leads to banding of the labrum leading to degenerative changes in the labrum.  That will lead to the end of normal hip function and OA younger.  We don’t know how to treat the asymptomatic
 *** Skull View ***

Periosteal reaction in the calvarium.  Bone grows from the inner table to the outer table.  Periosteal reaction can occur from neoplasm or infection.  Periosteal reaction can occur from trauma (stress fx or fracture).  The last category is ischemia.  Ischemia inside the marrow. Hematopioietc tissue goes down to the EOP and grows inside the marrow (diploic space).  Ischemia of bone can occur from hypoxia.  Bone makes periosteum as a response.  You would order a CBC and check for hemolytic anemia (sickle cell, thalasemmia).  Thalasemmia and sickle cell wipes out bone, leading to pain.  These people may be on pain meds because it hurts.  Bone has nociceptors that can lead to pain, when hypoxic/ischemic.  

*** Bilateral Hands View ***

65 year male with lumbopelvic, chronic pain in the back and even the hands.  Later a pelvis view is taken.  There is an osteolytic lesion of the L Hip and Pelvis.  The lesion falls into 2 categories of the VICTANE (neoplasm and infection).  This patient is the 1-2% that has a serious problem.  Neoplasm category would lead to metastasis or primary tumor (multiple myeloma). The patient may be referred to an orthopedic surgeon who specialized in orthopedic oncology.  A bone scan can be done.  It would tell you of uptake in the innominate and look for other lesions of uptake.  Multiplicity of lesions is not a good thing, as the condition has spread.  The lesion has not hit the SI joint, but bone scan would check for dye uptake elsewhere.  
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Search Pattern
A. Soft Tissues

B. Periosteum

C. Cortex

D. Medulla

E. Joint Thickness

F. Joint Alignment

G. Joint function

Soft Tissue Density

Post operative changes is the term used for suture, clips, .staple, wire, etc. used during surgery.  You don’t have to know the materials used, but you must note post surgical changes.  Prosthesis are another density that you may see.  When you get a prosthesis, they typically are in bone and not in soft tissues.   Total hip and total knee arthroplasty are most common used.   The hip has been more successful replacement than other parts.  
Accidental soft tissue density may be from bullets, knife wounds, and other fragments.  Most trauma surgeons leave the fragments (bullets, shotgun bee bees alone).  Patients with a bullet in the spine, check for migratory problems.  Fragments that migrate can erode into the vessel and have access to the body via the vessel.  The fragments can end up in organs (ex. brain).  Make sure the bullet is not mobile (flexion and extension or stress radiography can be used to test for migratory nature).  
Calcification/Ossification
Ossification should have a cortex.  Calcification of a tendon is due to hydroxyl-appetite crystals.  Hydroxy-appetite is a cheap, bone imitation.  It causes opacity of soft tissues.  This “calcification” occurs in tendons under mechanical impingement like the rotator cuff.  The cuff can be impinged and lead to ischemia.  Ischemia provokes and leads to fibroblast invasion.  Fibroblasts have the potential to make collagen, fibrous tissue, cartilage or bone cells (osteoblasts).  Fibroblasts are needed to repair tissue.  Fibroblasts that enter the ischemic zone, place hydroxyl-appetite into the damaged tissue.  Compression gives rise to hypoxia and hypoxia gives rise to hydroxyl-appetite.  The material resorbs with time.  
The wall of the subacromial bursa and the rotator cuff is difficult to differentiate from.  Inflammatory components of the subacromial bursa leads to deep and intense shoulder pain.  This type of shoulder pain leads to the suspicion of malignancy.  Some the most intense pain is the sub-acromial and sub-deltoid bursa.  
Calcium in the soft tissues can also occur in ligaments (HADD in iliolumbar or sacrotuberous ligament).  We think mechanical loading forces are abnormal leading to HADD in the tissues.  

Calcified neural structures can occur from leprosy.  The most common soft tissue to calcify is atherosclerosis.  Atherosclerosis in the carotid bulb is a marker for systemic atherosclerosis (may be visualized on C-Spine film).  If you see it in the carotid bulb, it is everywhere else.  Vascular disease provokes intimal atherosclerosis.  The intima is the largest organ of the body.  The intima is the largest endocrine organ in the body.  It is actively seen as an organ.  It is responsive to thought, diet, and even physical stress.  Malignancy changes the way intima functions.  Infections change the way the intima functions.  The intima may thicken and constitute a risk factor for stroke, even before atherosclerosis is evident on other images.  We can use sonography to evaluate intimal thickens and calculate stroke risk with high certainty.  Intimal medial thickness (IMT), is highly predictive of stroke, even before there is evidence of plaqueing.  Diet, stress management and other methods can be used on the patient.  
Metal – Calcifications – Soft Tissue Swelling  - Gas (Density List)
Soft Tissue Swelling
Non-specific finding (trauma, infection, cancer)….blurring of the muscle-fascia interface indicates swelling.  

Gas

Gas in soft tissue indicates 2 things:  1) Infection 2). Trauma….If you see gas in soft tissues of a diabetic, it indicates a very virulent process.  Signs of swelling, loss of pain in the feet and loss of balance accompany the infection.  The infection is a life threatening event.  IN every diabetic patient, during the course of the visit, remove the sock and shoe to check for erythema (particularly in the calcaneus).  The infection can lead to amputation.  Gas in soft tissues are infections in nature unless there is a history of trauma.

Trauma injects soft tissues with gas.  The tissues are swollen, erythematous and have gas upon X-ray exam.  Macerated tissues are crushed tissues. Macerated tissues promotes the injection of air.  

One of the most common causes of gas due to trauma is Pneumothorax.  Gas enters the neck, C-spine, and the thorax.  It produces a sign of rice-crispies under palpation.  The Pneumothorax gas will reabsorb with time and indicates an abnormal communication of the lung with the pleural space.  

Subcutaneous emphysema also provokes air.

Periosteal Reactions
Callus formation is periosteal reaction.  Callus formation occurs with fracture.  IN normal patients, periosteal reactions and callus formation should not be visualized.  If you see it, think neoplasm and infection.   The other category is ischemia.  Anemia provokes ischemia in bone.  Wavy, undulating periosteal reaction may occur from ischemia.

Cortex
Should be uniform in thickness and in density.  The most common density difference is a lucency that traverses the cortex (fracture).  A careful clinical examination yields the history.
Convention Fx = Fracture through Cortex

Stress Fx = 

Athlete (Fatigue Fractures…Bone is loaded too high frequency in cycle and too much amplitude)…Osteoclasts are active.  We are not sure how the osteoclasts are activated. Sclerotic lines are present because osteoblasts work behind the osteoclasts

Insufficiency = Cod fish vertebra…Osteoporotics have this.  Insufficiency occurs with osteoporototics.  

Pathological Fracture = Inflammatory bone disease, metaplastic bone disease, etc. results in weakening and subsequent fracture.  Pathological fracture is at the back of the vertebral body has collapsed along with the front.   An MRI must then be obtained.  

Paget’s thickens cortex and osteoporosis thins cortex.  

Medulla

Lucent medullary cavity and homogenous in lucency.  Sharp contrast should exist between cortex and medulla.  Osteoblastic and osteolytic problems can occur affecting the medulla.  Lytic change in the medullary cavity are hard to see.  

Joints
Thickness:  Mot common abnormality is arthrosis (decreased joint space due to OA).  OA is the most common.  Focal loss is the character of OA.  Diffuse joint space loss indicates RA or Infection.  Rheumatoid never produces sclerosis as it washes away bone.  OA attempts to repair bone by sclerosis.  OA can be superimposed on RA, when RA becomes dormant.  

Alignment:  Removing the cartilage leads to alignment problems.  In the spine, apophyseal joints can be affected leading to degenerative spondylosis.  They are the sequelae of joint space reduction.  You cannot have normal articular function with abnormal joint alignment.  This is an integrative concept.  
Function:  Kinematic exams and radiographs at extremes of ROM…Mostly clinical diagnosis.  Joint dysfunction inhibits motor power.  This impacts motor control and motor power.  This is an emerging model that explains clinical observation.  Joint function relies on alignment.  Joint dysfunction is a clinical diagnosis.  Static provocation with pain provocation is our best tool and the gold standard for palpation.  We will use static and dynamic evaluation (palpation) tools in our exam.  
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Search Pattern
A. Soft Tissues

B. Periosteum

C. Cortex

D. Medulla

E. Joint Thickness

F. Joint Alignment

G. Joint Function

*** Atherosclerosis of Aorta ***

Aorta bifurcates at L4 into the iliac arteries.  Atherosclerosis in the iliacs presents as stenosis, so be mindful.  Parallel walls without distension indicates atherosclerosis and not 

*** Insufficiency Stress Fracture ***

Cod fish vertebra is present.  Cod fish is stress insufficiency.  This is a low grade back ache.  IN the geriatric population, this may be the most common cause of LBP.  Trabeculae disappear and the other trabeculae are stressed.  You try trial of care.  Idiopathic is used.  

Stepping off a curb and percussion + sign may indicate an acute fracture evolved on top of a stress fracture in the geriatric population.  In this case, do not load the spine during healing/rehab.  The example above is not an acute fracture.  As long as the end plates are curvilinear, the fracture is not pathologic.  
Typically the fracture is body facture (compression fracture in the geriatrics).  There is not typically post element fracture, spinous or TP fracture.  
Osteoporosis comes after medullary bone.  Medullary bone is 8x the metabolic rate compared to cortex.  Medullary bone is exposed (you can get at them).  The cortex is very dense and usually not affected by osteoclasts.  The target zones for osteoporosis is the spine, wrist and hip.  As women hit menopause, the first fracture is Colle’s.  Colle’s is typically and osteoporosis fracture.  The second fracture is compression fracture of the spine (after 60).  The third fracture is after 80, and that is hip fracture.  1 out of 3 die within a year from hip fracture in the elderly.  The consequence of immobilization are pneumonia, embolism, and congestive heart failure (BIG 3).  

Acute compression fracture with trauma management is adjacent segmental management, don’t limit activity (do not use bed rest).  Bed rest is never to be used.  
*** Lat Thigh X-Ray ***

  2 diagnosis from the endocrine category can be used for this film.  Lipids and glucose levels when elevated kill us.  Diabetes comes at the vascular, neuro and immune system.  This film is probably diabetic or has hypercalcemia.  IF this patient has whole body muscle pain with increased calcium, think Hyperparathyroidism.  

Vit D is hydroxylated in 2 organ systems.  Active Vit D is hydroxylated at 1,25.  The first and 25th position required renal and hepatic function.  Kidney or liver damage will lead to less Vit D and poor bone density.  Calcium levels are associated with pathology if outside a tight regulation.  Calcium is associated with many CNS disorders.  

Lerriche’s Syndrome is high occlusive syndrome of the aorta creating but pain.  Erectile dysfunction and other problems follow.  Patients with Lerriche’s syndrome don’t have the pressure gradient.   Pain, paresthesia and erectile dysfunction manifest from Lerriche’s Syndrome.

*** AP Lumbar Shot ***
Curvilinear Calcification is present and indicates a vascular diagnosis.  ON the L side of the patient, provoking pain is the aorta.  THIS IS AORTIC ANEURYSM.  THE ANEURYSM IS 9 CM ON THIS FILM.  There is also iliac artery aneurysm.  50% of time iliac aneurysm accompanies aortic aneurysm.  Osteophytes cannot poke aneurysm.  It is a ridge of bone and not a prong.  It is a ridge of bone that does not poke aneurysm.  

*** AP Pelvis Radiograph  ***
26 year old male that complains of “swallowing a coin”…There is calcium density in the pelvic bowl.  Further testing was ordered.  The young male had a very dense mass in the pelvic bowl.  He had urinary dribbling.  CT scan was ordered.  His bladder was under compression and the sphincter mechanism was impaired.  Pre-sacral mass of 9 cm in diameter with calcified wall.  This was diagnosed as a teratoma.  The patient was sent to surgery which found the lesion was a pulsatile mass and  had a massive aneurysm of the iliac artery.  The whole thing started with a foreign body rule out and turned into a surgical emergency.
*** AP Knee ***

There is a calcification that is not vascular.  There is a torn MCL with calcification.  This is Pelligrini ???.  This is calcification in a ligament.  The patient has rotatory instability. The ligament tears and the healing ligament calcifies.  
*** Pelvic Bowl Picture ***

There is a leiomyoma in the uterus.  This is the most common benign tumor of the uterus.  It is a nuisance with bleeding, pain, etc.  The leiomyoma/fibroid can calcify.  The tumor can enlarge in size, filling the abdomen.  Compression of the bowl can occur. The tumor is benign, but it is a nuisance.  There is a small risk of transformation to leiomyosarcoma.

*** Finger Shots ***

This is CALCINOSIS CUTIS.  The patient has a characteristic sign of taught facial skin.  It looks like they have had many bad plastic surgeries.  This patient has PSS (progressive systemic sclerosis) or SCLERODERMA.  Calcifications of soft tissue occurs that may or may not be in the joint.  Connective tissue disorders create agony with problems in multiple systems.  The disease can be everywhere in the body as connective tissue is everywhere.  These patients frequently take their life.

*** Shoulder X-ray ***

This condition is HADD.  This is an immature form of bone.  Rotator cuff and humerus is the location.  Impingement is present in this patient (cumulative trauma) leads to HADD.  

*** Spot Shot of L5 ***

Ligament ossifies (Iliolumbar)…This may be a reactive response to lumbar joint instability.  

*** AP Pelvis Shot ***
There is a surgical sponge in the patient.  The patient had surgery and the sponge was left t in the patient.  The patient had post operative pain.  The pain was not due to the incision.  The pain was due to foreign body.  This case was malpractice.   The sponge must come out and another surgery needs to be done.  This is an abnormality in the soft tissues. 
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Edema
*** Lateral Cervical Film ***

The patient presents with labored respiration.  There is a slit of lucency in the pharynx. Preverterbal swelling has displaced the wall collapsing the airway and leaving the epiglottis as a source of obstruction.  The patient bleeds into the tissues of the pre-vertebral airway.  The patient in this condition had acute respiratory distress.  He needs to be in the emergency room. The ER should employ an airway and keep the airway open via an endotracheal tube.  In a couple days the hematoma and fluid should go away.  This was a soft tissue injury.  Preverterbal swelling has differentials of hematoma, abscess, neoplasms (nasopharyngeal carcinoma moving down the airway from smokers and tobacco chewers).

Abscess presents with pain, crying and you can’t touch their neck (particularly in pediatrics).    

Emphysema

*** Pediatric Lateral Cervical Film ***
Gas in an abnormal location in the soft tissues is the radiographic term.  In this example on screen, the baby is in respiratory distress.  There is a slit on the X-ray of the pharynx.  There is airway stenosis due to mass in the prevertebal location.  Gas is also inside the mass.  This is soft tissue mass and gas in the airway.  THIS IS AN ABSCESS.  There is local inflammation and infection that encroaches the airway.  This is a gas generating organism.  This can also occur in diabetes mellitus as an adult with gangrene.  

Under the age of 2 the soft tissues bulge with expiration on film.  If you find a mass, it is a variant and repeat the film during inspiration.  The vertebral bodies look goofy, because they don’t have secondary ossification centers.  The ossification occurs between 15-18 years old that squares off the bodies.  

Periosteal Reaction

4 categories of periosteal reaction:  1). Trauma 2). Vascular 3). Neoplasm 4). Infection

Vascular

Wavy, undulating periosteal reaction that usually occurs in diabetics.  This is ischemic bone.  

*** Picture of Osteosarcoma ***

The periosteal reaction in this picture is random.  It is a very aggressive process.  The rest of the image is sclerotic.  Periosteal reaction with sclerotic bone is the indicator.  These are often tall male athletes  complaining of knee pain.  Concurrent mass, pain and swelling triggers the thought for imaging.  There are mounds of bone coming out of the marrow.  There is bone in the soft tissues upon surgical dissection.  This is extra osseous bone growth and is indicative of osteosarcoma.  The cause of death is metastasis.  Always check for pulmonary metastasis.  
*** AP Tib-Fib Shot ***

This starts out as shin splints.  There is diffuse pain and the leg hurts.  The patient complains of warmth.  There is cyclical loading of bone.  Bone has a memory and can’t get rid of stored forces.  Osteoclasts take away trabeculae.  It takes about 4 weeks from the onset to the radiographic presentation.  The dose is cyclical loading that takes weeks to months.  Soft tissues take the bone load, but they must be brought up to speed.  The stress fracture is first a soft tissue problem as they do not dissipate the forces well.  It takes weeks for the soft tissues to build tolerance.  Timing of the presentation is important.  

Athletes are notorious for doing the same thing that does the stress fracture. Don’t tell them to stop training.  You tell them to condition by cross training.  You move them into another activity to maintain cardiopulmonary function.  Cross training (swimming, aquatics, etc.) all can be other sources of training.  

ON the image, the tibia has been deformed (chronic injury that occurred in the past).  There is an acute fibular stress fracture and a previous tibia stress fracture.  

THERE ARE 2 SPORTS INJURIES THAT PROMOTE DDX OF MALIGNANCY:  1). STRESS FRACTURE 2).  MYOSITIS OSSIFICANS.  Periosteal reaction, soft tissue swelling, are also signs of cancer.  

At 4 weeks after resting or cross training image the injury again to check for healing signs.  If at that time, there is no radiographic or clinical improvement, then 

*** #1 You don’t want to see a periosteal reaction #2 If you do, you want a benign periosteal reaction that is thick. #3. Everything else is malignant until proven otherwise…Poorly differentiated reactions are malignant…Radial spikes are sunburst (very malignant)…Laminated (aggressive…layered)….Anything vertical is aggressively pathological triggers osteoblastic activity ***
*** AP Shoulder ***

This is osteomyelitis on biopsy.  There is a hole in the bone where the infection ate away bone

*** AP Mortise View ***

There is a periosteal reaction on the tibia.  There is a cortex and new bone growth indicating periosteal reaction.  There is no fracture.  The patient is a 63 year old male.  The disease is not in the cortex or medullary bone.  An image was taken of the other ankle.  The radiograph was taken bilaterally for comparison.  The other side had periosteal reaction.  The patient had symmetric periostitis.  A chest radiograph was taken indicating hilar mass.  There is compression of the bronchi.  The patient did not chest complaint, but ankle complaints.  The patient had bronchogenic carcinoma that produced osteoblastic reaction/periosteal reaction in the long bones.  IN this case, hypertrophic osteoarthtropathy occurred in the tibia.  Autonomic fibers do innervate the skeleton.  They regulate bone .  The autonomic system helps to regulate bone growth.  A treatment was removing the vagus.  Removing the vagus did away with periosteal reaction.  This means that autonomic regulation of skeletal growth occurred.  

*** Rib X-ray ***

This patient has multiple rib fractures.  On the image is a row of callus formation.  Rib fractures are hot on bone scan for a long time and painful for a long time.  Never brace rib fractures in a patient over 50 or those in respiratory distress.  You will get a mal-union of the fracture, but you can save their life.

DEXA
Osteoporosis is made by DEXA.  After a certain age, everyone has it, so it is not often reported.  A 28 year old amenorrheic female triathlete may get osteoporosis prematurely due to impact of the HPO axis.  The athlete needs a DEXA scan earlier than a normally developing woman.  Another example is bilateral polycystic ovary disease that has premature osteoporosis.  DEXA is used 1x per year.  Osteoporosis is one of the most significant health care problem.  The complications of osteoporosis is an enormous health care, social and economic problem.

Primary 

Type 1 and Type 2


Type 1:  Post menopausal…Medullary impacted

Type 2:  Senile…Cortical impacted
Secondary Osteoporosis

Secondary to a disorder that wipes out bone (HPT, Cancer, etc.) Can take out medullary or cortical.  

3/16/09
*** Mo Pisciottano lectured today ***
