DX IMAGING #3 – 9/10/08
*** www.radiologyeducation.com – This is the largest web site for radiology info on the web ***

*** On the website above, Musculoskeletal radiology is important.  It is linked to the University of Washington – www.uwmsk.org ***

*** Go to teaching file & musculoskeletal on the above website  ***

OVERVIEW  of  CERVICAL SPINE X-RAYS
Rules to Pass for C/S

1. Appropriate anatomy – All 7 segments (C1 down to inferior endplate of C7 or superior part of t1)

2. Radiographic Osseous Contrast – Need to be able to distinguish cortex from medullary bone on each level.  With proper contrast and the ability to distinguish cortex from medullary bone,  we cannot exclude pathology.
3. Hot Light Readable …Hot Light has to be capable of viewing soft tissues (ex. Preverterbal).  Underexposed views are too white.  
Any violation of rules calls for a retake.  

Anatomy

Pre-vertebral Soft Tissues
The main reasons to view the prevertebral soft tissues are for prevertebral swelling (trauma), blood (trauma), cells (tumors), pus (infection).  

Nuchal Ligament Degeneration

Degeneration can show bone fragments within/around the ligament.   

Bone
We need to find cortices at each segment.  Cortical margins vary in density.  With degenerative disease, cortices decrease.  Cortices adjacent to degenerative discs become less well defined in degenerative disorders (discogenic spondyltitis).  Discitis (infection of the disc) may also present this way. 
GENERAL X-RAY INFO

L5/S1 is the largest neural foramen, but on the lateral lumbar is presents as the smallest.  The reason for this is because the foramen go lateral except for L5/S1.  This orientation makes it difficult to see through the volume of space present on X-ray.  Rotation of the neural foramen changes by position making visualization difficult.  

Stress Views

We don’t get info about joint function, unless we get stress views/kinematic views.  Ex. Flexion and Extension views of the C/S gives us global and intersegmental motion.  Intersegmental motion can be graded by standard deviation.  +/- 2 or +/- 3 standard deviations show increased chances for instability.  

A straight neutral lateral shot, tells us about posture, but not function.  Function always trumps posture. You have to assess both function and posture.  Intra-examiner reliability for movement assessment is at best average.  Inter-examiner reliability is terrible.  A reliable joint indicator for adjustment is tenderness.  It is starting to be the most reliable method (tenderness) to assess.  

Dx. Ultrasound
It is a clinical tool that can help to determine function.  One day a sonographic exam will be combined with physical exam to give best care for musculoskeletal problems.  Sensitivity for RTC tear is in the high 90’s for ultrasound.

Arthrogenic Inhibition
Arthrogenic model, states we cannot get full muscle activation by dysfunctional joints.  Inhibition by the cord prevents the joint from motion and inhibits the muscles upon EMG exam.  Adjusting can help to reverse the inhibition of muscles.  

General Info

The most common shot taken is a chest film 

Arthritide and trauma are the 2 most common reasons to take radiographs
*** Radiology study guide is a good source of info and questions for the course ***
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AVULSION
Avulsion fracture is really a soft tissue injury where a tendon or ligament pulls a piece of bone.  Microscopic exam can show a fragment of cortex.  It is primarily a soft tissue injury and secondarily a bony fracture.  Fracture healing is typically better than healing for soft tissue injuries.   Elect a fracture over a soft tissue injury due to improved healing.  
Union Fracture =  Healed fracture.  

We are blind to soft tissue injuries with X-rays.  Avulsions need aggressive management.  Soft tissues heal by scar, which is compromised contractility and leads to poor joint activity

Arthrokinematics of Joints & Cartilage
Injured joints show bad movement patters as incongruent joint surfaces roll over each other.  Erratic movements chip away at cartilage.  Cartilage has neither innervation and perfusion.  Cartilage repairs by imbibition as fluid is pumped into ant out of the surface of cartilage due to compressive forces.  Exercise is protective for cartilage, until it becomes excessive or traumatic (which can then destroy cartilage).
DISCOGENIC SPONDYLOSIS
Signs

1. Narrowing of the disc space

2. Sclerosis of the end plate

3.Osteophytosis

4. Postural complications

Discogenic spondylosis is the most common radiographic diagnosis.  The disc is responsible for chronic end plate abnormalities.  This is a disc end plate disorder.  Disc space thins, but the disc itself does not thin.  The vertebral end plate microfractures.  The condition decreases the space of the neural foramen.  There is a direct relationship between narrowing of the foramen and the disc space.  You cannot have one without the other.

NEUROPATHIC ARTHROPATHY
Charcot joints is another name for the condition.  Charcot saw instability of the spine and hip in patients with syphilis (particularly 3rd stage).  Stage 1 is acute genital lesion (chancre).  Stage 2 is maculopapular rash (all over body).  The 3rd stage presents as the disease going away, but it really doesn’t.  The dorsal columns now house the spirochete in 3rd stage.  The spirochete destroys dorsal column function.  Muscles lose tone and bones get very loose (bad arthrokinematic relationship).  

He called this Tabes Dorsalis.  This condition makes proprioception difficult and joints fall apart.  The joints fragment and dislocate.  Loss of joints stability occurs.  Radiographically they look like a bunch of bones.  There is lack of afferent input and little pain.
GIANT CELL TUMOR OF THE GREATER TROCHANTER
Giant Cell Tumor of the Greater Trochanter
Large lucent expansile lesion involving greater trochanter.  There is not a definite matrix of the lesion.  Some calcification on medial side of the femur is present. 

Giant Cell Tumor MRI

Avulsed Gluteal insertion and atrophic restricted gluteus muscle.  Giant cell tumors prefer epiphyseal areas.  
PAGET’S
Proximal right femur shows Paget’s.  Very pronounced lines are present and consistent with trabeculae formation.  This indicates increasing bone formation typical of Paget’s.    

FRACTURES WITHOUT SIGNIFICANT TRAUMA
Indicates =  Abnormal Bone, Pathological Fracture or Normal Bone producing Stress Fractures…

1. Normal bone and abnormal force = Fatigue fracture (athletes or obese develop these)
2. Insufficiency Fracture = Osteoporotic bone…Cod fish vertebrae with hollowing end plate.  Bone is removed from end plate creating a “sagging/cod fish shape.”  Normal forces on abnormal bone cause the insufficiency fractures.

3. Pathological fractures =  Fractures in absence of trauma.  Cancer is a common for pathological fracture.  
4. Stress Fracture = Cyclical loading of bone from which compensation cannot keep up with bone destruction  
Examples
1. 28 year old picks something up hears snap and has acute back pain….In this scenario the person had vertebral plana.  The patient also has occult breast metastasis leading to pathological fracture.  Metastasis indicates a late form of disease.  A 28 year old shouldn’t get a compression fracture from picking something up.  

2. Mom brings in a fidgety 2 year old that refuses exam of the L knee.  X-ray shows avulsion at the tibial plateau (bucket handle tearing).  Mom says that only recently the child had become irritable.  The only way to get a bucket handle is by snapping the knee joint.  An infant cannot fall to produce the forces necessary for a bucket handle tear.  This is a hallmark for child abuse.  Child abuse can be as threatening an injury to a child as breast cancer to an adult.  The child can die because of  brain hematoma (shaken baby syndrome).  Child abuse is a reported suspicion in all 50 states.  

Classification of Orthopedic Fixation Devices
The complaint of pain with fixation devices is the location of the orthopedic device.  As a clinician you have to recognize the injury and treat appropriately with consideration given to where the device was installed..  

GENERAL RADIOGRAPHIC ANATOMY 
*** Lateral Cervical Spine X-ray***

From the lateral view, the pillars are evident as a block/column of bone.  Note the SAP & IAP (superior articular & inferior articular processes).  Note the lamina.  Lamina are important to check for because of congenital spinal stenosis.  People without lamina have an increased chance for transient tetraparesis  & paresthesia because of congenital cervical spine stenosis.  We want the canal to be slightly bigger than the vertebral body.  The canal to AP body ratio should be at least 1:1.  
*** C/S Oblique Films ***

Show uncinate Processes (ridge of bone) and pedicles.  C2-C5 have the largest neural foramen.  .

DDD
DDD (Degenerative Disc Disease) causes hypertrophy of the uncinate processes and AP projection.   Discogenic spondylosis and uncinate hypertrophy narrow the neural foramen.  As the disc space thins, the facet moves caudally.   

Rostral-Caudal Subluxation
Occurs when, 1 facet slides down the off the other one when the disc space thins.  The disc space keep the neural foramina at normal height.
*** Cervical APOM ***
Tracheal Air Column should be normal

Paraspinal soft tissues (should not be calcified).  .

Calcifications can be vascular based… The carotid bulb may develop atherosclerosis
Pancoast Tumor

In this shot, there is an abnormality in the lung causing neck pain and radiculopathy (Pancoast Tumor/Bronchogenic Carcinoma).  It typically occurs in the hilum 85% of the time.  .
Horner’s Syndrome and Pancoast tumors  should be linked together.  Tumor & metastasis can cause Horner’s attacking the sympathetic chain.  Horner’s Syndrome presents with:

1). Anhydrosis (lack of sweat) =  Lack of sweat/No sweat – pseudomotor gland function impairment 

2). Miosis = Lack of Dilation of eyes (eyes constrict – miosis) 

3). Lid lag = musculature becomes weak and droops
Horner’s can be from tumor, trauma and even idiopathic.

Tracheal Deviation

Tracheal deviation from midline can be from thyroid, parathyroid, or lymph node based problems.  
A “wall punched” in the trachea may indicate a cancerous lesion.
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LUMBAR X-RAYS
Various Views

 A-P, Lateral, AP Lumbosacral Spot, Lateral Lumbosacral Spot, R and L Posterior Oblique
Importance of Collimation to Any X-ray
Collimation is the most important radiation protection measure.  It reduces radiation and improves film quality.
Obese Patients and Scatter Radiation

What you don’t want on obese patients is scatter radiation.  You can avoid scatter by good collimation..  Spines of obese patients are typically the same relative size as a non-obese patient.  
Patient Risk

Bad collimation or lack of collimation can place the patient at risk.  Some risk is invisible and the doctor can’t predict it.  Some risk is predictable and can be identified.  One of the best ways to reduce predictable risk is good patient communication.  Good, ethical, compassionate communication keeps the patient from suing.
Radiographic Info of the Lumbar Spine

*** Picture of AP Lumbar on Screen ***

S = Soft Tissues…On lumbar shots, the bladder dome may be evident.  There can also be normal lucency in the colon.  We shouldn’t see gas in the small intestine. An abnormality exists when there is gas in the small intestine.  Small bowel obstruction is a big problem, particularly when it is over 3 mm.  .  

B = Bone…Check for pedicles (count them).  Check the innominates, femurs and other cortical structures.  The iliac bone should always be radiolucent
C = Cartilage/Joint space…Examine the articulations SI, Hip, IVD (spaces).  Loss of joint space at the IVD is discogenic spondylosis in the lumbar spine.  The lumbar spine has 2 joints:  1). apophyseal and 2). IVD.  The 2 joints are functionally linked.  
False + Tests and X-rays

You have an inherent reflex to trigger false + in the patient (overcall) to protect the patient.   When multiple findings add up to skepticism about pathology, then be concerned.  Isolated incidence of a test is usually false + (indicating error).  Test them again later and add additional tests if necessary to determine whether they have pathology or your test was a false + to begin with.
*** Lateral Lumbar Spine ***

Picture of a atherosclerosis (anterior to vertebrae).  Atherosclerosis is preventable and reversible with proper treatment.  We can use nutrition, exercise, counseling, and other therapy to treat atherosclerosis.  
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OSTEOARTHRITIS

Symptoms of OA

Joint pain associated with movement

Limitation of Motion

Stiffness after periods of rest

Referred Pain:  We really don’t know what it is.  We thought it was mixing of internuncial pools.  Now we think supraspinal and homuncular regulation may be responsible.  The cortex may play a role in referred pain.  

Signs of OA

Limitation of motion

Changes in shape of the joint

Malalignment
Instability

Spasm or atrophy of surrounding muscles

Fine Crepitation of Joint Motion
The key concept is loss of cartilage.  Cartilage is a source of joint alignment.  Loss of normal alignment makes the joint unstable.  Over time the joints become lax because they are overloaded.  
Crepitation

The sensation of “Sand” =  Fine crepitation

 Bigger chunks of cartilage damage  = “Coarse crepitus”
Ex. L4 Facet:  Loss of cartilage is present at the facet.  Loss of cartilage occurs because of loss of stability of the articulation.  If a joint is stable the arthrokinematics are uniform and even and constrained.  The joint will show normal ROM, when arthrokinematics are normal.  If damaged (trauma, disease process, prolonged poor posture, and joint dysfunction) the arthrokinematic relationships become unsteady and erratic movement exists.  The condition is asymptomatic at first because cartilage does not have ability to nocicept as it does not have sensory structures and perfusion.  We need innervation and perfusion to feel pain and to repair damaged tissue.   

Motion, movement, and to some degree compression is necessary to maintain cartilage.  Sustaining aerobic activity (20 minutes 3-4 x per week) to maintain cardio fitness is the same dose needed to maintain cartilage fitness,  assuming all other factors are equal (no structural damage or other health concerns).  
Fibrillation
Cracks in the cartilage that result in cartilage coming loose until you impact bone.  The persistent and chronic pain occurs when bone is stimulated (bone has nociceptors).  The effusion (fluid in the joint) causes significant pain.

Pain does not come from the cartilage derangements.  Pain comes from other sources (bone, tendons, ligaments, joint capsules, etc.) which all have nerve supply and nociception.  The nerves generate inflammation (neurogenic inflammation) and collagen creates inflammatory mediations.    

Histochemical Properties of Bone & Tissue

*** Picture of  Stained Bone & Tissue on the Overhead ***
Your skeleton gives tensile strength of steel.  Part of the trabeculae is surrounded by a different stain because that structure is placed under force and responds by producing more bone (Wolff’s Law).  Bone remodeling occurs due to electrical polarity forces across the bone.  Osteoclasts take bone from convex side and osteoblasts add to concave side to try to add bone.  This is a cellular signaling pathway based on electrochemical properties.  

Piezoelectric Properties of Tissues

Every tissue including bone has piezoelectric responses under compression.  We are not sure how to use that yet in patient care.  The physical interaction has an electromagnetic properties that we are now starting to explore.  Physical stress and activity change your skeleton and is beneficial in development.  
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DJD X-rays

*** Pictures of Lateral C-Spine on Overhead ***

Moderate DJD is present.  Relative contraindication to HVLA may be moderate DJD.  The best thing to do is test mobilization prior to performing HVLA (motion palpation may be used)
*** Picture of AP Lower Cervical and Neutral Lateral ***

The IVD spaces are not uniform.  Discogenic Spondylosis and sclerosis of the end plate are present.  Spondylosis mostly occurs in the mid to lower C-Spine.  Disc degeneration causes shunting of load to the uncovertebral joints.  The disc no longer serves as a force distribution device, causing the uncinate  processes to undergo hypertrophy.  The uncinates enlarge, undergo hypertrophy, sclerose and elongate into the neural foramen.

Spondylosis and Uncovertebral arthrosis are cousins.  

*** X-ray with Apophyseael Joint Arthrosis ***
Decreased Joint Space, Sclerosis, Osteophytosis, and Geode Formation are present (the process is the same for all DJD).  

The capsule has synovial tissue which can be mechanically irritated.
Mechanism of DJD
Load compensation = Load in one zone is sent to another part (another joint) to compensate.   Trabecular reinforcement occurs by Wolff’s Law.   In some cases, boney hypertrophy can grow into the neural foramen.  

We have zero evidence that the relationship is not compressive.  Vertebral malposition CANNOT GIVE WAY TO NERVE COMPRESSION!  BONE OUT OF PLACE PINCHING A NERVE DOES NOT OCCUR!  The Palmer Model does not belong in discussion for radiculopathy.  
Importance of Joint Function and Motion
Shouldn’t be static, and it should be joint function.  Functional exam trumps the static.  
*** Picture of Obliques on Overhead  ***

Narrowing of the disc space narrows the neural foramen vertical dimension (the IVF).  Uncovertebral arthrosis cuts off the axial and transverse dimensions.  So you both shorten the height and then decrease the width.  The width is shortened by additional bone and the height is due to disc space loss.

The X-ray has C6-C7 loss of disc space height and C6-C7 uncovertebral arthrosis.  The resulting changes result in osseous encroachment at C6-C7 bilaterally.  There is also loss of cervical curve.

Thickness of disc space keeps the curve.  You can’t have cervical extension when you lose the curve.  You can’t have a normal curve with spondylosis because thickness of disc space controls extension.  Pillar height also regulates cervical curve.  So 2 things control curve:  1). Disc Space Height 2). Pillar Height.  In some patients, restoring the curve can’t happen.  It can’t happen because you can’t regenerate the discs in the spine.  We know that Disc Dessication begins in the teens, and by 30 the lumbar discs show radiographic evidence of dessication. 
*** Picture of the C5/C6 IVD ***
The impression is C5/C6 Discogenic spondylosis.  There is complication by the uncinate process growing into the neural foramen.  Look at the heights of the neural foramen above and below as a reference.  The disc spaces controls the neural foramen.  Narrow the disc space and narrow the foramen ,which increases risk of root compression.  
*** Picture of Lateral Cervical ***

There is multiple discogenic spondylosis in lower ½ of spine.   With flexion the lower spine stays in the same range and the lower spine does the work.  The load goes to the normal functioning joints.  The joints that are mobile take the impact of the force (hypermobile joints take the beating from trauma).  Often the normal functioning joints are the lower cervical spine. It may then be a good idea not to induce mobility/manipulation/mobilization to the lower C/S since they impart more mobility and are prone to repetitive motion injuries.  

*** Same Patient as Above…Follow up picture of C/S in Flexion ***
The joints below don’t move and the joints above the level move.  The greater the range of motion, the greater the chance for dislocation and injury.  
Functional Analysis of Cervical Spine in a Symptomatic Population
Penny Method was used to analyze the radiographs.  The Penny Method measures intersegmental range.  C1-C2 showed no statistical difference between controls and experimentals.  C2-C3 showed no difference.  From every level down from C4/C5 to C6/C7 there is a difference in intersegmental motion.  The symptomatic patients had greater range at C3/C4 than asymptomatic patients.  The finding was statistically unique & significant.  The lower C/S became hypermobile to take on greater motion.  

Range of motion that goes down, has to have compensations above or below.  Hypermobility is on the continuum for discogenic spondylosis causing further problems.
*** Flexion and Extension Films Superimposed are used with line drawn down film ***

A “best fit” is used to connect the levels.  A goniometer helps to measure the intersegmental ROM.  Arrows are given to indicate amount of SD’s (Standard Deviations) away from the normal.  

*** Picture of Lateral C/S ***

Blocked vertebral present along marked discogenic spondylosis at multiple levels.  The discogenic spondylosis is below the blocking due to increased mobility.  Compensatory mobility has occurred in this 22 year old.  Multiple levels of stenosis may ensue.

*** MRI of Same Patient ***

Blocked Vertebra is present.  The effect on the joint above is a large herniation with spinal cord compression.  The reason is degeneration of the IVD.  It is a degenerative event and not a trauma.  So Herniation is a degenerative event.  Degenerative conditions and congenital abnormalities trigger issues with abnormal mobility, causing degeneration that leads to herniation.
STENOSIS
*** Lateral Cervical X-ray ***

Pt. reported quadraparesthesia that was very uncomfortable.  The problem lasted for several seconds and went away.  During exam, he was – for orthopedic and neurological signs.  On the film, you cannot see lamina because the pillar connects to a short neural arch.  This type of stenosis is congenital stenosis.  A little bump on the head caused a transient neurological deficit due to congenital based stenosis.  

This patient is not a candidate for contact sports.  A football (helmet to helmet) injury would be detrimental. This condition is always transient early, but later in life the canal gains bone.  They now have a chance for degenerative stenosis because of the effects of bony hypertrophy, originally arising from congenital problems.
Neuropraxia is the equivalent of a concussion for the nerve.  Neuropraxia is scary for awhile but often goes away.  This patient may have suffered some neuropraxia due to the “concussive blow” to the nerves (stunning the nerves).  
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DISH & DISH INDUCED STENOSIS
*** Lateral View of C/S ***

PLL Ossification is present.  This narrows the canal and can create a problem.

*** Lateral View of C/S ***

DISH is present.  Decreased movement is present sagitally along with Dysphagia (problem swallowing).  Flowing ossification across 4 segments in the clinical criteria for DISH.  The risk of Dysphagia is high when 1 cm or more impedes on the tube.  Muscles are compressed, secretions adhere to the tube and deglutition become problematic.  The patient during recumbency (sleep) now has a secondary risk of aspiration.  Projection of bone against muscles and the esophagus causes the secretions to be trapped.  The secretions during recumbency head into the respiratory system and they aspirate salivary/food material into the lung.  Aspirations can lead to pneumonitis.

2 Complications of Dish = 1). Dysphagia 2) Aspiration
*** Oblique View ***

Ossification of the ALL Present. There is a chunk of bone in the canal present posteriorly, as well.
*** CT of same patient as above --- Non contrast CT ***

Bone is present showing ossification of the PLL.  Ossification of the PLL, pushes the cord out of the way.  The cord goes under chronic compression.  Most times minor accidents showing transient neurological deficits cause radiographs to be ordered.  They often find DISH on the films, but we often don’t go looking for DISH. 
*** MRI of Same Patient ***

Low Signal Intensity of the canal is present.  There is an extra-dural defect from compression resulting in high grade deformation of the spinal cord. 
*** T2 Sagittal MRI ***

Stenosis of the canal present is present.  Low signal intensity shows ossification of the PLL.  This patient also has ALL thickening.  PLL thickening can occur without DISH, but they typically show up together (ALL and PLL).  After 10-15% cord compression, they don’t stay symptomatic and the condition presents.  Acute compression causes immediate signs and symptoms vs. chronic compression shows as mostly asymptomatic due to adaptation by the patient.
DISCOGENIC SPONDYLOSIS

*** Lateral Lumbar ***

Narrowing of disc space is present along with gas within the disc space (“vacuum phenomenon”).  The gas is actually nitrogen that may be from decomposition of protein.  The neural foramen narrows vertically because of narrowing of the disc space.  The SAP is observed within the neural foramen.  The SAP is not supposed to be there.  
Segmental Rotation vs. Patient Positioning

2 Reasons for whey the facet pushes into the neural foramen = 1). Patient Positioning 2). Segmental Rotation.  The body pedicle alignment is interrupted with rotation creating false +.  

Another abnormality is retrolisthesis.  Normally, retrolisthesis is a rare findings.  When present, retrolisthesis may be a sign of segmental rotation or bad patient positioning.    Rotation no longer superimposes the segments, so on X-ray they present as not symmetrical.

In clinical practice, you must not do a false -.  You can do false +.  Misdiagnosis of pathological process may kill the patient.  Misdiagnosis of a biomechanical process is often not as big a deal.  

Impact of Discogenic Spondylosis on the Facet

*** PA Lumbar View ***

Narrowing of the disc space changes the facet relationships.  IN this film, Rostro Caudal Subluxation is present.  Facets cannot stay in normal relationship with disc space thinning because of the attachment to the vertebral body.  AS the body goes, so goes the facet.  The inferior facet drops down (moves caudally) and brings the neural arch down.  Excessive loading on the facet may occur leading to Facet Syndrome.  The disc functionally is linked to the facet because thinning of the disc impacts the facet.  

STENOSIS
*** CT Scan of the Spine ***

Degenerative disc/discogenic spondylosis is present with osteophystosis, gas formation into the disc, aponphyseal joint enlargement, and canal stenosis.  So much bone has developed due to posterior shift that the canal is narrowed.  Less than 4 mm is considered a stenotic lateral Recess.  This patient has lateral stenotic recess and central canal stenosis.  The preferential movement is flexion.  Extension buckles the PLL and Flavum into the thecal Sac during walking and standing.  Walking and standing show extension, so they don’t tolerate it.  Flexion positions and seated positions are preferred with stenosis.  Seated positions immobilize them, so they need to get moving if tolerated (for heart, lungs, bones, etc.)
3 sites of neural compression can be possible:  1). Central Canal 2). Lateral Recess 3). Neural Foramen 
*** CT Scan ***

Spinal Stenosis is the epidemic of spinal pain in our career.  Stenosis with the cord compressed is called Spondylotic Myelopathy.  In this example, the sacral roots are concussed from the  stenotic lumbar spine.  Within minutes to hours we can get a dynamic bladder obstruction or incontinence.  Bladder obstruction and incontinence indicates cauda equinae syndrome.  Saddle based paresthesia occurs with cauda equinae. 
***CT Scan ***

Lateral Recesses narrowed, Central Canal Stenosis, Osteophytosis and Degeneration of Facets….Extension provocation may/may not cause neural signs.  These patient may prefer flexion.  This is called Spinal Stenosis.  Degeneration and narrowing of the canal itself.  Clinical signs must be present to diagnose stenosis.  
VASCULAR PROBLEMS
*** CT Scan ***

The patients has disc protrusion.  They  have a doughnut in the vertebral body associated with protein breakdown (vacuum phenomenon).  The iliac arteries are present and help identify the L4 segment.  The split of the iliac arteries are located at L4.The arteries look sclerosed.  Dropped Cardiac Output combined with clogged vessels leads to poor supply to the lower extremity.  This is vascular based problems.  The vascular system is the fastest killing system there is.  Careful history and physical exam are important.  Check pulses, observe the skin and area for varicosities, and listening to the history are important.  Arterial and venous both have killing potential.  DVT can lead to pulmonary embolism and many occur in the ER as they are getting worked up.  On the arterial side, infarct can occur.  Acute back and flank pain can occur from many different sources (arterial and venous)  
OSSIFICATION OF THE LIGMANTUM FLAVUM
*** CT Scan ***

In the canal there is calcification.  The ligament is the ligament Flavum.  Flavum ossification is present. The flavum is continuous with the facet joint.  The flavum can cause thecal sack compression.   Flavum knots up due to its elastic properties
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SPINAL DEGENERATION – DEGENERATIVE SPONDYLOLISTHESIS
*** Myelogram of Lateral and AP Lumbar Spine ***

Myelogram puts dye into Subdural space.  The column is called myelographic column and is usually combined with a CT scan.  The lateral and AP myelogram stops and there is no flow.  This is called high grade obstruction.  There is a block at the L4/L5 area.  Apophyseal joint arthrosis is common and causes problems.  The 3 common characteristics are:   Female, L4/L5, Over 40.  The apophyseal joint takes a beating.  This condition is more common in females and less in males.  Apophyseal arthrosis causes the segments not to align indicating degenative spondylolisthesis as a secondary finding.  There is severe, bilateral degenerative apophyseal joint with degenerative spondylolisthesis.  
Spondylolisthesis is produced in this patient due to the facet disappearance (cartilage erosion).  You will not get more than 30% translation in these patients.  The joints stay lined up as long as there is apophyseal cartilage.  When cartilage is gone, alignment fails.  Apophyseal joint arthrosis is a complication mostly at L4/L5 and linked with spondylolisthesis.

When the patient stands or extends, they block the subarachnoid CSF/contrast flow.  The dura is compressed with extension.  Flexion will help, sit up and bend at the waist, to allows the contrast to pass.  
Cox said the use of flexion in patients with stenosis is of significant benefit.  Blocking in SOT, Basic (table position), and some other methods like McKenzie give a DP (directional preference) and can help the patient by mechanical positioning.
ff you take an oblique shot, you won’t see a pars defect.

Spondylolytic Spondylolysis

*** Lateral Lumbar Film ***

25 year old car accident victim…The L5/S1 relationship is spondylolytic spondylolisthesis at L5/S1.   The etiology is trauma.  There is no presence of arthritis in the apophyseal joints.  Axial loading and contact sports often hurt the patient leading to spoldylolytic spondylolisthesis.
Spondylolysis has repetitive extension as the mechanism of injury.  Loading the pars during the 10-20 year age with extension repetition exacerbates the condition.  Repetitive trauma (extension) causes the problem.  

Spondylolytic spondylolisthesis patients don’t like HVLA.  They are unstable.  In the adult spondylolisthesis is not a pain generator.  In children it is a pain generator. About 5.5% of the population gets this condition. Often the mechanism is not known and is considered idiopathic..  Some possible mechanisms in the differential can include metastasis, fracturing a pedicle, etc.  Always rule out systemic disease.  
Aplasia

Spondylolisthesis in the Cervical Spine without a pedicle or pillar is aplasia.  Missing parts of the spinal segment in the C/S is congenital vs. in the lumbar spine, it is usually a stress fracture (marching, sports, etc.).linked with repetitive axial trauma.   

OSTEONECROSIS

*** View of the Femur – AP ***

Osteonecrotic Bone is Present.  Over time this will collapse.  Severe OA may progress into osteonecrosis and conversely osteonecrosis bone damages cartilage and you can get OA.  So OA can become osteonecrosis and Osteonecrosis can become OA.  The femoral head will cave in with osteonecrosis.  You have to identify osteonecrosis as a bone disorder, and OA and a joint disorder.  So the bone disease can lead to joint disease & the joint disease can lead to bone disease.

Resting pain is linked with osteonecrosis.  Pain in the hip at rest, often at night, that is usually in middle aged males (50-55).  Pain is felt in the inguinal area.  Medial pain referral comes from the joint.   A very aggressive and short trial of care is recommended.  Osteonecrosis is very treatable early on.  
OA OF THE KNEE
*** Knee – AP ***

Most common joint for OA is the knee with the medial compartment the most common location.  The medial compartment has subchondral cyst, loss of cartilage on X-ray.  Loss of cartilage causes the joint not to be in normal alignment.  This is called genu varum.  The distal tib moves toward midline.  This is called “bowlegged.”  Both medial compartments are down and the knee deforms medial.  If you damage ligaments, joints go into bad alignment.  Cartilage is a restraint/stabilizer of the joint and bears the burden of the force when ligaments lose their support function.
When the cartilage narrows, the tibia has to rotate to the area of less cartilage.  Varum deformity occurs when the tibia moves medially. 

One of the causes of OA is OA of other joints and joint dysfunction.  It is a downhill/cyclical decline.  
*** Lateral Knee ***

Damage to retro patellar cartilage on X-ray.  Chondromalacia may also be present and is best viewed with MRI.   
SYNOVIOCHONDROMETAPLASIA
*** Lateral Knee ***

Synoviochondrometaplasia = Chunks of bone, cartilage and synovium are in the joint space….This is a protective response.  The chunks are where pieces of cartilage wore off and now metaplase into bone.  The bone causes a locking mechanism of the joint.  The ”Knee Locked Up”.  We worry about articular fragments (joint mice or joint rats).  This can even happen with elderly going down the steps.  
The old term is synovioosteometaplasia.

The most common cause is OA erosion/destruction of joints ( by synoviochondrometaplasia???.)
There is also a tumor version of synoviochondrometaplasia that can erode joints.  Transformation of synovial tissue to bone is the basis for the tumorous version.
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*** 10/29/08 --- Midterm for DI 3 ***

*** Wheeless’ Textbook of Orthopaedics…A resource in the area of trauma.  The website has a good overview of trauma ***
*** Most of the info on trauma is in the textbook, there is a ton of material.  You can’t cram for this exam.  These is a problem solving question test with integrated information.  The test question will be in the form of a small question.  This will be a problem solving question.  There will be higher order synthesis questions on the exam, favored over simple fact questions. ***

*** All national board questions use epinyms (ex. Boxer’s fracture, Bennett’s fracture) and there will be some epinyms on the test  ***

PSEUDOSUBLUXATION OF THE CERVICAL SPINE
Laxity of ligaments of C/S in the Pediatric population causes the “pseudosubluxation.”  The SL line is unbroken, so the area is intact, jus the ligaments are lax.  As the child ages, we know the ligaments will stiffen and the patient should be OK.

GALLEAZI’S FRACTURE
Fracture-Dislocation described by Galleazzi’s.  The big problem is soft tissue injury.  The tissues are injured because of a fracture of radius and dislocation of the ulna-carpal joint.

TRAUMA – PSEUDO SUBLUXATION 
*** Flexion View of the C/S ***

ADI is typically big in a child (up to 5 mm).  The ligament tightens down and approaches 3 mm as an adult.  The ADI is less important than the break in the SL line.  If there is a break in the SL line, there is a big problem indicating possible instability.  This view shows an offset vertebra.  There is almost a horizontal joint.  If the pillars are not 50 degrees, the segment can slide off the segment below.  As long as the SL line is intact, there is still stability (although ligamentous laxity).  This condition is called pseudo-subluxation.  There is a little step off noted on the film.  The condition can last into the mid-late teens.  There is often no history of trauma.  Ligaments are lax in the upper C/S and the articular pillars are more horizontal.  Use the S/L line

*** Flexion View ***

SL Line is intact in this view, although multiple levels are not aligned.  The patient is OK, because the SL line is intact.

*** Flexion View ***

The case went away with time (pseudosubluxation).  In the vertebral endplate, you don’t see a sharp angle.  You see a slope with a rounded angle because the 2nd ossification center hasn’t come in.  The center squares of the vertebral body by the mid to late teens.  This is not a compression fracture.

*** Axial CT ***

*** Mid C/S CT ***

Bone Window:  Uncinate Process forms the uncovertebral joint.  The neural foramen passes by the uncinate processes.  Hypertrophy by DJD causes compression of the nerve root.  Nerve root compression along with vertebral artery and vein may occur.  Uncovertebral Joint Disease may compress the nerve root and the vertebral artery.  They “open the cabinet door and hit the floor.”  This is a drop attack triggered by extension.  DJD takes down the flow through the vertebral artery.  Vertebral artery allows normal gait (normal Romberg).  This condition can give you the D’s.  Drop attacks are probably vascular disorders and occur without LOC.  

VBA aneurysm and ischemia is a younger person problem (less than 45).  We know that practitioners of medicine and chiropractic have the same incidence of stroke.  The temporal relationship is the key issue, they often came in with a vascular event and the procedure was performed.  

You need to know relative risk (18,000 people die of NSAID’s and bleed out).  There is greater magnitude with NSAID's than SMT.  You do need to know a neurological event is happening.

TP fractures often don’t tear the vertebral artery.  The vector goes right thought the vertebral artery, but it is very rare the injury causes a vertebral problem.  Even with trauma vectors and fracture of the TP, it doesn’t occur.

*** CT with contrast ***

We can see the cord in this picture.  Traumatic force or degenerative force to the cord is called myelopathy.  

Retropharyngeal space at C2 = 1-7 mm (1/3 AP diameter of vertebral body)…could be up to 9 mm
Prevertebral space at c6 = Adult 22 mm (7/10 of vertebral body)…child = 14 mm

Predental Space = adult (3 mm)…Child (5 mm)
Tumor, abscess sand hematoma increase the retropharyngeal and prevertebral space.

ADI usually increases due to arthropathy  (RA).  It is much greater for RA than trauma.  All the inflammatory arthropathies have greater incidence than .trauma.
Imaging Objectives in the C/S Trauma
The highest risk you’ll have in your clinic is the acute C/S.

Detect and assess the extent of osseous, ligamentous, neural, and other soft tissue injures (disk, vessels)
Assess stability of the injured spine

*** Stability or instability will be used in a radiological definition ***

Panjabi Definition: Active, passive and neural information give stability. If you don’t have all 3 of those with the appropriate amounts you’ll have instability.  

Is Plain Radiography a Good Screening Test for C/S Trauma
Over 93% sensitivity under ideal conditions

CT is used only for special cases

The issue is patient pain and discomfort inducing motion.

Drawback of Plain Radiograph  in C/S Trauma
Difficult to interpret significant experience required

Some authors reported high rate of diagnostic errors

Bohlman 33%


Reid et al 22.9%


Ringenberg et al 7% (error rate may be higher)

Evidence that missed fractures could result in neurological deterioration
Ex.  Acute MVA…Have a policy on acute C/S injury.  An acute MVA is an immediate necessity situation.    Have a policy for acute distress (clutching pain) plan to make a rapid, accurate decision ***

Fractures Which are Most Commonly Missed
Odontoid Process 25% (C2 injury)

Articular Facets 14%

Hangman’s Fractures 10% (Body – Pedicle Junction at C2 – can cause neurological damage)

The hotbed of trauma is C2 and C6 because of these numbers.

When to and when not to perform Flexion-Extension Views
In patient with neck pain but negative initial radiographic examination

If initial flexion-extension views are inadequate due to pain and muscle spasm, immobilize the neck and repeat flexion-extension views in 7-14 days

Flexion-Extension views should not be done if they can’t move neck
Stable vs. Unstable
A stable spine is one that can withstand stresses without progressive deformity or neurological abnormalities

An unstable spine, under normal stresses can lead to increased deformity or increased neurological deficit or both (root disorder = radiculopathy….cord problem = myelopathy)…natural History of unstable spine is deformity and neurological deficit

Stable vs. Unstable
Instability on lateral cervical spine; look for:
3.5 mm horizontal translation of one vertebral segment over another

11 or more angular deformity between 2 adjacent vertebral segments

You may have the translation, the angulation or both

*** Neutral Lateral View ***

C5/C6 is abnormal.  In order for one segment to translate, the ligaments (mostly) must have damage.  In this case, posteriorly (nuchal ligament, interspinous, supraspinous, capsule flavum,  PLL, ALL, annulus). The soft tissue damage leads to instability.  The mechanism of injury is Flexion.  Flexion means deceleration during MVA.  Flexion decelerates the spine.  Extension (occurs when stationary).  Flexion-extension injury based on history and C/C.  
The Apophyseal joint at the area is uncovered.  If you see facets uncovered, the more you look at the confirmation of soft tissue injury.  The facet climbs up the other one.  This is called the “Naked Facet.”  The listhesis that you see is the result of tearing the stabilizers and the segment climbing up.  Uncovered facets, listhesis, gapping (can be palpable and radiographically).

Anatomic Classification
Interspinous Pain = Grade 1 Sprain (A little pull in the fibers generates the nociception)…Muscle tenderness with motion = Grade 1 strain…The info may not be radiographically evident.  
Grade 2 = Palpable gap in interspinous space (don’t want to move their neck due to ligament rearing and gapping of spinous)…Can be seen radiographically

Grade 3= Listhesis, ligament tear (The unstable spine…Not dislocated.  Pillars still contact)…Can be seen radiographically
Sometimes these patients are missed in the ER.  More listhesis may be visible.  Often grade 3, have non-detected.  They should be hard collared and sent back to the ER for neurosurgical evaluation.  Spontaneous death and respiratory arrest has been reported with a collar on, so don’t let these people drive to the ER.  This injury is a threat to the patient’s life.  

Grade 4 = The facets jump off and the posterior parts collide with the cord.  Perfusion is diverted away from the cord.  The respiratory areas die from lack of supply (neurovascular), the patient can die from this. (Bilateral or unilateral condition)
Global loss of ROM is a huge red flag.
Analgesics and muscle relaxants can slow the recovery of the tissues.  Soft collars are good for a short amount of time (24 hours) in grade 1.  Encourage them to restore quickly and get up and moving.  Fear avoidance can develop.  Deteriorating functional capacity can occur.  Grade 2 and above can lead to surgical management. Keep grade 1 moving to reduce risk of referred pain.  The younger the patient, the greater the chance for restoration.  The older the patient, they worse they do.  They have ongoing pain on longitudinal studies.  

*** C5/C6 Instability ***

2 “Spines Present” (c1-c5 and c6-c7…This is unusual.  At the intersect, a naked facet and angulation occur.  The facet comes up and the body angulates.  The angle is greater than 11 degrees.  Acute traumatic cervical instability of grade 3 is present.  The spinous and interspinous space gaps.

The patient needs an surgical consult.  They may wait or they may fuse the joint to stabilize.  These conditions do not do well with chiro management.  
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Hangman’s Fracture
Consists of bilateral pedicle or pars fractures involving the C2 vertebral body.  Associated is anterior subluxation or dislocation of the C2 vertebral body.  It results from a server

Jefferson’s Fracture/Bust Fracture
Fracture of the C1 ring.  The results form an axial loading injury to the head with compression force to C1 (typically from diving).  The fracture consists of unilateral or bilateral fractures of the anterior and posterior arches of C1.  This is an unstable injury.  Other burst type fractures are possible in the spine.  These also result from axial loading injuries (compression) and result in severe damage to the vertebral body.   Posterior element

Spondylolysis

Spondylolysis refers to failure of fusion of the pars interarticularis, most often at the lower lumbar spine.  This is usually a congenital defect, although it may occasionally be post traumatic.  This process may affect one or both sides of the spine.  Oblique radiographs are best for detection of this abnormality.

Compression Fracture
Compression factures of the spine are common in elderly and osteoporotic patients.  They result from anterior or lateral flexion.  The typical appearance is loss of height of the anterior aspect of the vertebral body with preservation of the posterior elements.
Hill-Sachs Fracture
Hill-Sachs fracture results from anterior discoloration of the humeral head and is located on the posterolateral aspect of the humeral head.  97% of the shoulder dislocations are anterior in direction.  This fracture when the humeral head strikes the ground.

Pathological Fracture – Humerus
Result from an underlying abnormality of the bone, usually either from a primary bone tumor or from metastatic disease.  However, pathologic fractures may result from metabolic

Galeazzi’s Fracture
Also called a reverse Monteggia fracture, Galleazzi’s fracture consists of a fracture of the radius at the junction of the middle and distal thirds of distal radio-ulnar joint dislocation.  The fracture pattern may be caused by a fall on an outstretched hand or from a direct trauma to the dorsal aspect of the wrist.  There is a comminuted fracture of the radius with radio-ulnar dislocation.

Monteggia Fracture-Dislocation
Colles' Fracture
This is a common fracture in elderly patients, consisted of a transverse fracture of the distal radial metaphysis proximal to the joint with dorsal displacement of the distal fragment and volar dislocation.  It results from a fall on outstretched hand.  The ulnar styloid is commonly fractures as well.  Another name is the Poteau fracture.  

Smith’s Fracture
Also called a reverse Colle’s frature, the smith fracture is a transverse frature of the distal radial metaphysis with palmar???

Torus Fracture
Also known as buckle fracture of a long bone, typically in children.  This type of fracture usually occurs near the metaphysis.  Both cortical margins are affected, but a discreet fracture line or trabecular disruption is not present.  Minimal buckling of the cortex present

Greenstick
Results from direct trauma.  Incomplete fracture of a long bone with cortical disruption on one side

Lunette Dislocation
Lunate dislocation results from a backwards fall on an outstretched .  Here, the capitate is aligned with the radius on the lateral view with volar displacement on the lunate.  This  is the most severe injury on the perilunate
Scaphoid Fracture
Scaphoid fractures are the most common carpal fractures, resulting from a fall on outstretch hand.  70% occur at the waist, 20% at the proximal pole, and 10%

Boxer’s Fracture
Involves the distal metacarpal neck of the 5th metacarpal. The distal fracture fragment is volarly angulated and may be externally rotated.

Bennet's Fracture
Intrarticular fracture of the base of the first metacarpal.  Must involve the 1st MCP joint to be called a Bennett.  The action of abductor pollicis longus
Gamekeeper’s Thumb/Skier’s Thumb
Partial or total disruption of the ulnar collateral ligament at the MCP joint of the thumb.  It is associated with a fracture at the base of the proximal phalanx.  This is called skier’s thumb.

Nail Bed Fracture
Result of direct trauma.  The nail may be avulsed.  The big concern is osteomyelitis.  The mechanism involves crushing.

Avulsion Fracture – Pelvis
May affect the ASIS , the AIIS or the ischial tuberostiy.  The Sartorius originates at the ASIS.  Rectus femoris originates at the AIIS.
Straddle Fracture
Bilateral superior and inferior rami factures are know as a straddle injury.  This was originally described in horseback riders as a result of direct trauma.

Acetabular Fracture

The result of major direct trauma to the pelvis and femur.  

Dashboard Fracture
Automobile accidents with impaction of the knee upon the dashboard.  Results in fracture of the posterior rim of the acetabulum by the femoral head.  This type of fracture

Intertrochanteric Fracture

Involves the femoral trochanters include intertrochanteric and subtrochnateric fracture.  The facture is by far the most common to the area.

Femoral Shaft Fracture
Much force requires.  

Tillaux Fracture
Avulsion of the anterior lateral margin of distal tibia.  It is caused by twisting injury.  The ATF may be affected.

Charcot Joint
1. Destruction 2. Density (increased) 3). Disorganization 4. Dislocation 5. Distension (fluid) 6. Debris…Charcot joint or neuropathic joint typically affects the ankle and tarsal joints due to diabetes.  Tabes causes this phenomenon in the knee while syringomyelia affects the shoulder and UE.

Jones Fracture
Fracture of the 5th metatarsal of the foot are surprisingly controversial.  
March Fracture
Stress fracture of the  in one of the metatarsals.  The name refers to military personal that get stress fractures after long marches.
Freiberg’s Infarction
Avascular necrosis.  Idiopathic (post-traumatic possibly) the process typically affects the second metatarsal head and is unilateral.  

Radiologyeducation.com

Overhang sign

Type 1-3 dens fracture …2  is unstable

Bowtie sign---unilateral facet dislocation

Clay Shoveler's is stable fx 
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*** Mr Winscott talked about radiology department and radiology information **8
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Flexion Teardrop (Burst) Fracture
Typically affect C5; not to be 

Can occur as a flexion injury, often involving drinking

*** Picture of Burst Fracture ***

The SL is significantly displaced posteriorly.  The body smacks the cord and renders the cord in a sate of hematoma.  This can impair respiratory and cardiac function.  This is the flexion teardrop injury.  This is typically the injury of paralysis in sports.   You can also see this in equestrian (teardrop fracture).  They fall form the horse and break their neck.  

*** Picture of Neutral Lateral ***

This is a child in the film.  There is a compression/wedge fracture at C5.  This kid will be in a brace/collar.  If the kid is young enough, you may not see sequelae.  If the kid is near skeletal maturity, there will be sequelae.  The diffusion to the disc and end plate will be impaired with the compression fracture causing disc degeneration.

HNP Complicating Cervical Spine Trauma
Very little was published about it prior to MRI

High association of unstable joints

*** X-Ray ***

Patient had an MVA.  The most mobile part of the neck is injured.  At C5-C6 there is angulation of the endplate where it shoulder be parallel.  The segment appears kyphotic.  There is no fracture, and the injury is a soft tissue injury.  Nuchal ligament proceeding anteriorly. Taking out the ALL, PLL and the annulus.  The finger drops into the interspinous space and you see a gap.  The facet surface presents as uncovered.  Uncovering the facet shows angulation.  Instability is defined as 3.5 mm of translation and 11 degrees of angulation, the segment is greater angulation and greater translation.

***CT***

The dura is not touching the vertebral body on the L side because something has displaced it.  The extradural abnormality in the arthritide category is disc herniation.  The herniation is located in the pathway of the exiting nerve root.  They have L sided radiculopathy.  C5-C6 will show the C6 nerve root damaged.  (The view is at the foot and looking headword so the patients R is your L and the patients L is your R)
*** CT Myelogram ***

The cord is rotated and deflected posteriorly on the L side.  This indicates high grade compression.  The hyper intense fragment of disc herniation occurs.  The point is that the cord is displaced and compressed.
MRI Cord Patterns Associated with Severe Neurological Deficit
Intramedullary hemorrhage:  location of hematoma corresponds to clinical level of neurological deficit

Spinal Contusion greater than one spinal segment
*** Sagittal MRI of C/S **

The abnormality is at the cord at C5.  There is hyper intense lesion with minimal expansion at C5.  The history of the patient is neck pain about 10 days ago with HVLA increasing the pain.  A second HVLA increased the pain.  The patient then had a third incidence of HVLA all in the same day.  A few days later she had pain and was dragging her leg.  Her complaint was paresis of the Upper and Lower Extremity.  27 Year old female with acute onset of paresis.  She withheld the 3 episodes of HVLA.  IN the DDx would be astrocytoma and MS.  A contrast MRI found a lesion of the cord.  No herniation but there is something in the cord, and the DDX is now tumor or MS.  She is scheduled for an spinal tap.  This is an intramedullary lesion that probably happened as a result of manipulation.  Spinal tap is very invasive procedure, no one knows it is trauma.  She didn’t disclose the info.  This patient was discharged within 2 days and improved, but she did have the tap done.
ON MRI, there is microvascular injury that occurred from the manipulation.  Contusion to the cord occurred in this patient.

Spastic Paresis:  Clinical diagnosis would be myelopathy (post traumatic).  

Demyelization disease would show decreased conduction time (electrical short circuits).  Later in the condition, paresthesia & paresis can coccur.  MRI is most sensitive means to test (serially – a bunch of them are used).

Spinal Cord injury without radiographic evidence…Most authorities an elastic impulse of the segment (motion), increased play in the worst case scenario can impulse the cord and not tear a ligament.  The cord took a whipping.  Force can be deposited without ligaments damaged.  

*** 6 Months post injury of above ***

She drains the cord internally to get rid of the edema.  This is the equivalent drainage is by tiny holes in the central canal (tiny holes in the center of cord to diffuse nutrients and remove waste) to the cells of the cord.  

Hyperextension injury
There are about 50/50 with dominant flexion and dominant extension injury.  ALL can be torn with extension.   Extension mechanism injures ALL and anterior ligaments.  

*** MRI ***

ALL is torn of a segment.  This is a soft tissue injury.  ALL tearing results in posterior displacement and spinal stenosis.  This is typical of the elderly.  

*** Turning over their shoulder---Loading in extension and rotation is the worst set of circumstances (MVA)…One of the most commonly missed fractures that narrows the neural foramen.  The pillar at 5-6 ( C) is flattened.  The deformity may cause root signs with facet fracture C5 –C6 shows flattened pillar (extension or extension and rotation) ***

*** CT Scan ***

Neural foramen is border by superior facet.  Superior facet is fractured.  Pillar fractures are usually not seen on plain film.  You can see pain reduction, but pain comes down the base of the neck.  The Lower C/S can still hurt, you then need to think about Pillar Fracture.  

The sequelae are big ugly degenerative facets.  Stabilization is not employed.  1 year later the facet become sclerotic and hypertrophic on the side of pillar fracture and that is a source of pain.  Radiculopathy occurs on the same side because of stenosis of the foramen at that level.  A narrowed gap occurs, due to hypertrophy/OA of the facet due to previous trauma.  

Most of the arthritis in the apophyseal joints may be due to pillar injury.  Extension mechanism can injury the pillar.

Establish a DX and appropriate TX are required.   Most times they won’t present on X-ray.  So persistent pain requires you to look.  Order the CT scan to diagnose or recommend a consultation to an orthopaedic surgeon.  

The problem occurs when the patient is middle aged or older. Young people often do fine, but older to middle aged people with underlying disorder that take the hit often are worse.   The pain for these people may not be there after the accident, it may come a year later as the condition degenerates.  The proper treatment for the condition if stable (grade 1) is manipulation/mobilization/soft tissue, grade 2 and grade 3 require surgical consults for stabilization ***
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*** 50 Question Exam…There will be pictures on the test…Most of the test will be on trauma, in the trauma chapter.  The final is comprehensive.  ***

DISLOCATION OF THE HIP
Preferential dislocation for hip is post. and shoulder is anterior.  95% GH is anterior and hip is posterior.  The mechanism of injury is forces generated against the knee, especially the dashboard.  The loading of the knee and femur, loads the femur out of the acetabulum.  Often, the injury is accompanied by fracture of the acetabulum.

Often the dislocation is reduced in the emergency room.  The patients will have a CT following, because all is not well  Ant. middle and post columns of the hip, the midline structure is the bladder.  The problem is when the hip dislocates the post column is knocked off.  Undiagnosed the post column support is gone and the hip re-dislocates.  Sometimes internal fixation is required.  The femur lacks support with the posterior acetabulum torn.  We normally have a shallow acetabulum anteriorly and thinner posterior acetabulum.  We have more hip flexion because of the shallow acetabulum anteriorly than hip extension and the posterior acetabulum.

OSTEONECROSIS
*** Pediatric Trauma **

Femoral capital epiphysis blood supply is lost causing osteonecrosis.  The child presents with a limp.  It is imperative to study gait without shoes on.  You always observe gait, checking for uneven gait with limp.  You have to establish whey a child limps.  The worst thing would be joint infection (septic arthritis – destroying cartilage).  

3 Tests for Congenital Dislocation
Ortolani’s 

Barlow’s

Alis' Sign

Missing congenital dislocation of the hip after 3 years of age and there is nothing you can do to them.  It is a bad situation for the rest of their life, loss of hip joint function.  The condition is mostly female and due to estrogen affects on the infant.  Dislocations can occur in utero and diagnostic ultrasound in utero can catch this.  These 3 must be done on all infants.

*** Adults ***

Osteonecrosis is always associated with trauma.  At least 2 of the 3 vessels are taken out.  The L side is osteonecrotic.  Water on T1 is black.  Water associated with pathology is black.  Low signal intensity in the femoral head and this is what osteonecrosis looks like in the femoral head.  

The pain of most hip pathology is medial and comes as groin pain. Groin pain in an athlete is often written off.   Often the pain gets worse (think hernia and others), but osteonecrosis presents as pain in the medial side with activity and then becomes suspect with hip joint pain at rest.  If you can diagnose this early it is treatable, and late you’ll need a replacement.  You must wait till they order.  A hip is good (10% fail at 10 years).  You can extract quality of life.  Quality of life can be impacted (running, lifting, swimming, etc).  

Manometry shows intraosseus hypertension (high bone pressure).  Pressure is elevated because of edema.  Veins are collapsed inside bone and blood cannot exit bone so ischemic bone develops (blood can’t enter0.  Called Avascular necrosis.

*** Axial MRI ***

Pathology on the L…Low signal intensity present

MYOSITIS OSSIFICANS TRAUMATICA
*** X-ray of Hip ***

A chunk of bone caused by blow causing bleeding in muscle adjacent to femur.  The hematoma ossify.  This is MOT .  This is common to the arm and the thigh.  These are the 2 most common locations.  A blow into soft tissue, large contusion, that hardens with time (induration).  Induration within 3 weeks time leads to Dx of MOT.  Other causes of induration can be subcutaneous fat (deep fat) can move.  Displacement of fat can necrose (fatty necrosis).  The MOT takes 3-4 weeks to show on a radiograph and hangs around for 6 months.  It can resorb in about 6 months.  Typically, a line between MOT and cortex develops.  A lucent line is present and called the cleavage line of MOT, separating MOT from the cortex.  This assures us that it is not a malignancy.

2 Injuries in sports that look like sarcoma:  1). Stress Fx 2). MOT.  Malignancy presents radiographically identical.  Be uneasy and close clinical follow up is necessary.  If you don’t like what you see, MRI to clear the marrow and soft tissues.  MOT and stress fx are 2 sports injuries with malignacy in the differential.
EXTRAARTICULAR ANKYLOSIS
*** X-ray of Hip ***

Loss of hip ROM is present.  OA is not present (as the initial DX was for the clinician).  We see calcified.  The most common benign Osteochondroma is present.  Outside of the joint, (extraarticular ankylosis).  This is outside the joint, blocking the ROM.  

Surgery can be done in high level athletes and other conditions.  Is the normal population, surgery may not be done.

ECTOPIC BONE FORMATION
*** X-ray of Femur ***

Shot to the quad.  Growing bone occurs into soft tissues.  Bone grows into muscle.  MOT is a form of ectopic bone formation.  Ossification can occur outside of trauma.  We don’t have explanation for some of the injuries.  Muscles ossify in neural injury without a pattern.  Ectopic ossification is very strange.

*** A couple weeks Later ***

The X-ray shows greater density in the quad.  The bone does not block the joint.  

MOT clinically you have to follow it.  Nobody faults you for an orthopedic consult to keep an eye on the case due to the chance for malignancy.

STRESS FRACTURE
Occurs in LE, especially with sports.  

*** X-ray of Femur ***

This kid has a pair of focal periosteal reactions.  There are no cases of 2 stress fractures in the femur.  Bone scan shows nothing in the marrow in this child.  

*** X-ray of Femur ***

Periosteal Reaction

*** Bone scan ***

Shows 2 Periosteal Reaction corresponding to the radiograph.  There is nothing in the marrow (very important to rule out tumor).  There is no abnormal activity in the marrow.  The linear uptake strongly suggests a stress zone (about to become another stress fracture).  Traumatizing bone via athletics cause stress zones (often asymptomatic becoming stress fractures).  In runners, this condition is very common and not painful (pre-stress fractures).  The skeleton responds to stress without soft tissue absorption.  Training shoulders forces to soft tissues that modulates the impact on bones.  Jump training too quickly, marathon training without.
This stress fracture is the fatigue fracture.  Fatigue is the bone.  Osteoclasts take way bone from physical stress and osteobalasts are activated showing hot bone scan.  Osteoblastic activity is present and whipped into activity due to inappropriate forces to the skeleton .  Most common to the tibia, and tarsal bones.
2 kinds stress and fatigue

*** MRI ***

Fat filled bone marrow appears white (good news and not a tumor --- found with MRI)…

Synchronous Stress Fractures is the DDx for the kid

PATELLAR DISLOCATION/SUBLUXATION
Cutting in Sports
Planting a foot cause flexion of the knee and external rotation of the leg. applying lateral force to the patella.  Causes patellar subluxation and dislocation.  Sudden change inducing external rotation causes traction force laterally.  VMO or collateral stabilizers causes subluxation of the joint.  Multiple subluxations will show the intercondylar notch away form the area it should be in.  You may knock off bone or cartilage with recurrent problems.  Cartilage cannot be seen on X-ray.  

Acutely you see the knee joint deformity. The patella is along the lateral femur.  The knee cannot be moved into flexion and extension because the patella must be under the quad tendon. 

Osteochondral fragments are probable with the dislocation and OA can result.  Osteochondral fragmentation due to dislocation of the patella. 

MENISCUS
Medial Meniscus has low signal intensity and should be uniformly black.  WE see high signal intensity in the area.  This is a grade 3 tear…Articular surface to articular surface is separation of the cartilage, causing locking of the joint.  Meniscus should be uniformity low intensity, but we see edema in the tear and high signal intensity.  This indicates a tear.  The white stripe (hyper-intensity) represents the tear, completely through the meniscus and allowing the meniscus to displace.  The meniscal tear is a basis for medial joint pain, clicking and often a drop.  They fall and “give way”.  The joint gives way.

*** MRI ***

ACL is more commonly injured than the PCL
STRESS FRACTURE

*** x-RAY ***

We see sclerosis crossing the bone marrows with associated periosteal reaction.  (sclerosis of bone with periosteal reaction).  This gets our attention.  Repetitive action is the history of stress reaction.  It takes about 4 weeks to generate this on a radiograph (to evolve visibly on a radiograph, but they could be working on this form months).  This condition starts with shin splints (the whole leg hurts), now the pain is at 1 location. They go from diffuse to local pain.  If the patients don’t comply with conservative care or improper coaching, the stress fracture can be generated.  It takes at least 4 weeks of stress fracture to be radiogprahically visible.  You need repetition in order to get stress fractures for weeks to months on end.  By the time it develops it takes 4 weeks to show on a radiograph.  History of repetitive motion of  at least 4 weeks, puts stress fracture in differential.  
Spondylolysis is a stress fracture of repetitive extension.

*** MRI of Tibia ***

A band of sclerosis (low signal) presents as black, crossing through high signal bone marrow is the stress frature

ANKLE SPRAIN
*** Ankle **

Most common sports injury is inversion ankle sprain.  ATF and CF are mostly affected.  The moment of injury says they rolled their ankle.  The mechanism in inversion ankle sprain.  You look for soft tissue injury for that mechanism.  The tearing of the ATF can be present.  Stress radiograph repeats the mechanism.  The tibia subluxates on the talus.  The talar dome should be parallel to the distal tibia.  Pleufond (ceiling of the joint) .  Bleeding into the tissue occurs because of tearing into the ligament.  

The patient should be in rehab.  Proprioception is an emphasis.  Manipulation in acute ankle injury is controversial.  Low force techniques may be used to accentuate the neurological reflexes to the areas.  Grade 1 sprain is controversial.

40% both the CF and ATF are torn.

*** X-ray of Ankle ***

Repetitive sprains in this patient.   They show joint space narrowing and signs of early OA.

SALTER HARRIS CLASSIFICAITON -- PEDIATRIC FRACTURES

Most difficult to detect is that through the physis.  Ligaments are stronger.  Cartilage holds the joint together.  We look for physeal injury in pediatrics because ligaments hold and cartilage fails.  Ages 17-19 may shows sprain of ligaments and cartilage.  After that we look for ligamentous damage.
We worry about growth center damage in pediatrics.  The ligaments withstand the force vs. the cartilage which fails.
1:  A fracture through physis (we don’t see unless epiphysis displaced to the metaphysis)…Treatment is like a sprain…We can miss, but they do ok.  Don’t seem to have a great morbidity

2:  A physeal fracture.  A chunk of metaphysis is taken.  Physis + metaphysis fragment is taken with it

3:  An epiphyseal injury + physeal injury fracture

4: An epiphyseal is 1 + 2 + 3 (physeal, epiphyseal and metaphyseal)…It is a bad injury (lack of normal growth).  LLI --- Leg length inequality is the complication of grade 4.  

5:  A crush of the physis plate occurred.  

Scanogram is sensitive for LLI.  This is better than clinical tests.  Scanograms can also be done on CT scans (lack of weight bearing).  

Lifts (there is no science there….their is guess and check associated).  Low cost and fairly safe techniques.  That keeps us competitive (we are just as good as medication sand surgery).  The other choices are too risky.  

STRESS FRACTURE OF THE FOOT
Weight bearing is directed into metatarsals normally the 2nd metatarsal and then 3.  We see sclerosis and periosteal reactions in both the 2nd and 3rd metatarsal.  

ELBOW
*** X-ray ***

Curved radiolucent line on posterior humerus.  This is the posterior fat pad sign.  Behind the elbow/humerus is the capsule.  The capsule has fat in the wall. Blowing up the joint with fluid or blood pushes the fat posteriorly.  This is called the POST FAT PAD SIGN.  Trauma or infection could be present.  Additional studies are necessary with post. fat pad sign.

Ant. Fat pads are normal.  The black line is parallel to the cortex is normal, unless displaced. Displaced looks like a sail (Called Sail Sign).  The same significance occurs, joint is blown up with blood, edema, infection, etc.  Ant. Fat pads are normal unless elevated and then it has the same significance as a post. fat pad.  

We check fat pads for trauma.

*** x-RY ***

Radius is angled in the shot.  The radius should be parallel to the humerus.  This is a radial head fracture and most common fracture in the elbow.  The mechanism is FOOSH.  Fall on outstretched hand.

There are 3 fractures for FOOSH (navicular fracture – most common in the wrist, radial head frature – most common in the elbow, greater tuberosity---avulse the cuff at the tuberosity).  FOOSH is the most common stereotypical mechanism in the UE.  Investigate for all 3 with a FOOSH.

SCAPHOID FRACTURE
Most common fracture of wrist.  FOOSH is the mechanism.  In hyperextension of the wrist, during the course of breaking the fall in the FOOSH injury, the scaphoid rolls down the carpal row and it goes up against he styloid and the force goes into the capitate and squeezes the scaphoid trapping the scaphoid between styloid of radius and capitate.  The scaphoid fractures most commonly in the waist.  

The wide frature line in the picture is because it took the patient 2 weeks to come in.  The patient took NSAIDs for 2 weeks.  The line is resorption of bone beyond the fracture. The area is trying to heal, but can’t due to motion.  Fracture management is stabilization.  The bone resorbs for 2 weeks and now the condition is complicated and should be an orthopedic case (managed by an orthopedic surgeon).  Most of the time we don’t see the scaphoid .

Snuff box pain, pain over the pollicis tendons, percuss digit 2 (runs on top of the scaphoid)….If you don’t see anything you dry cast them and check again in 10 days.  This is a 2 radiograph procedure (over 10 days).  Scaphoid fracture is one of the leading malpractice suits.  You assume the fracture is there and treat appropriately.  If you need to know, you get ultrasound immediately.

Complications are osteonecrosis of scaphoid fracture

*** X-ray ***

Nonunion is present.  The fracture “gives up” and the surgeon nails it to accelerate healing

** X-ray **

Scaphoid fracture that stopped healing.  The fracture line is still there.  Delayed union is followed by non-union.  Poor blood supply can be a reason, taking a cast off can be reasons.  The little bones don’t have good blood supply possibly leading to osteonecrosis.  Distal to proximal blood flow occurs (cutting the bone in half, cuts the blood supply leading to the proximal supply and bone goes dead). The pain will always be there in osteonecrotic bone.  We move our arms and hands a lot and they will have pain all the time.  

DIGITAL INJURY
The most common fracture is phalanx (#1 overall).  The clavicle is #2.  We use our hands so much.  This injury destabilizes the thumb.  Thumbs separate us from other species.  Thumb fracture can lead to loss of apposition.  You need the opposable thumb.  A fracture fragment on X-ray (this x-ray) shows the ligament is torn.

Lack of fracture fragment, with clinical evidence now leads to sonography.  The color activated Doppler can tell us blood flow is elevated leading to fracture diagnosis.  Skiers often get this with ski pole injures.  Ulnar collateral ligament injury in the thumb along with fx suspicion raises awareness with lack of X-ray evidence, ask for Doppler.  

The radiography is insensitive to soft tissue.  The clinical exam is the best safeguard.  Soft tissue injury is not seen on radiograph.    
