BIOMECHANICS – 2/27/08
LIGAMENTS OF THE SPINE

ALL
In whiplash, the C-spine can demonstrate hyperlordosis.  Whiplash can damage the ALL causing Hyperlordosis to occur.  Hyperlordosis can rupture the ALL pulling off part of the disc in the C-Spine.  In the T-spine the ALL doesn’t do much.  The ALL in the T—spine acts as a barrier to keep the disc away from the body, but that’s about it.    Mechanically we really can’t hyperextend the T-spine.    In the L-spine it resumes the role of bracing the spine.  The ALL is also responsible at multiple segments for storing energy.
Summary of the ALL
1. C-Spine = ALL provides protection (Hyperlordosis is the mechanism of injury possibly causing disc injury)
2. T-Spine = Minimal to no protection by the ALL

3. L-Spine = ALL provides protection bracing the spine.
PLL

The location of the PLL is on the posterior vertebral bodies, including contacting the disc.  The center of rotation and flexion is in the back 1/3 of the disc.  From a biomechanical standpoint, the back of the disc doesn’t move much.  The PLL acts as a barrier/protection for the cord.  The PLL is not injured often.  To tear the PLL, we would have to tear other structures first.
PLL Summary

1. PLL is a barrier for the cord

2. Not often Injured

3. Tearing the PLL requires  tearing other structures first

Flavum

Elastic Properties

The ligamentum flavum is the “yellow ligament of the spine.”  The flavum is unique because it is elastic (elastin collagen).  It is stretchable like a rubber band.  The flavum is always stretched regardless of position of the spine.  Elastic qualities of the ligament flavum suit its purpose well.
The joint capsule has parts of the ligamentum flavum within in it.  When the facets move, we don’t want the capsule caught and pulled inside.  The flavum helps prevent the joint capsule & meniscoid discs from getting trapped during motion by placing tension on the anterior wall of the facets and keeping the capsule and disc from entrapment.  The ligamentum flavum provides constant tension to make sure entrapment of the capsule doesn’t occur.
Aging
As we age, the flavum thickens and becomes less elastic.  The aging process can cause compromise the cord space  via stenotic changes. Canal Stenosis can occur from: 1). loss of elasticity of the ligamentum flavum with subsequent loss of capsule/facet elasticity  2). Osteophytic development (further complicated by loss of elasticity—the loss of elasticity can lead to greater osteophytic development).  Diabetes can complicate the stensosis presentation. Tightening and decreased elasticity lead to soft tissue entrapment. 

Research on the Flavum

Research on whiplash has showed: 1). The ligamentum flavum took the most stress during whiplash accidents 2). The Capsular Ligament was the 2nd most stressed ligament (because it connects with the capsule and the ligamentum flavum)

Flavum Summary

1. Elastic Properties – Always stretched, no matter the position
2. Attached to the Joint Capsule – Protects against entrapment via tension on the anterior wall of the capsule

3. Flavum thickens and becomes less elastic with aging – A factor in Stenosis and Osteophyte Development

4. Whiplash affects the flavum the most and capsular ligament, second…The capsular ligament is affected because it attaches the capsule and flavum

Interspinous Ligament
Primary restricts against hyperflexion.  The interspinous ligament is mostly type 1 collagen
Ligamental Healing Following Trauma/Whiplash

Ligaments do not heal well.  Poor healing is a source of chronic pain.   Poor healing affects biomechanics of the spine changing muscular firing and tension.  This forces joint mechanics to adapt, and ultimately contributes to further pain.
Iliolumbar Ligament
The illiolumbar ligament may determine the lowest freely moveable segment of the spine depending on the movement.  The ligament may attach to L4, L5 or both. The ligament can even cross the SI joint.    The iliolumbar ligament is a strong ligament that provides resistance to motion of L4, L5 or both. Embryologically, ligaments start as muscle and become a ligament later in development.  IN later life, ligaments can even calcify taking on bony properties.

Normally, L5 tries to slide forward and places pressure on the disc.  The iliolumbar ligaments may provide restraint from L5 motion.  Moving L5 on adjustment may not occur due to the tension of the iliolumbar ligament.   Facet arthrosis can manifest with SI joint problems due to connections of the iliolumbar ligament.  
Muscles of the Spine -- Psoas, Obliques, Multifidus

Psoas
The psoas muscle is connected to the spine and the discs at the lateral surface.  The sympathetic chain sits anterior to the psoas.  The psoas muscle is position dependent (firing differently when put in certain positions).  While sitting, flexion pulls the spine forward.   Flexion compresses the spine (Milgram’s test).  Milgram's test uses the concept that compression of the spine occurs by the psoas pulling on the discs and vertebrae causing generation of pain.  Pain generation is also linked to the sympathetic tract.  
Milgram’s Test

Milgram’s Test is a great test for the disc lesions.  Milgram’s stresses the disc and vertebral bodies.  The test involves lifting the patient’s legs about 3 inches above ground with doctor asking the patient to hold their legs up.  The psoas compresses the spine to hold the legs in the air.  Herniation or end plate fracture can generate pain.  Lateral disc tear and endplate fractures are often cited as the reason for pain (+ Milgram’s).  This is the only test specific for the disc (SLR and others are designed for other structures).

A lot of techniques concentrate on the psoas muscle.  Chiropractic techniques emphasize the psoas because classically the psoas compensates/responds to disc injuries.  
Review of the Psoas Muscle

1. Connected to the spine and disc…Sympathetic chain is in close proximity

2. Flexion of the spine is a pain generator due to compression of the discs and vertebrae via the psoas muscle…Particularly Herniation and End Plate Fracture

3. Milgram’s test is the only test specific for a disc 

Multifidi

2 things are important anatomically:

1. The multifidi form the posterior capsule wall & becomes part of the capsule (just as the ligamentum flavum did) 

2.  Innervation of the multifidi is the dorsal rami (just as the capsule is innervated by the dorsal rami).  
Whatever happens to the capsule happens to the multidi because of the 2 above reasons.  We wan this to occur. This is a protective mechanism.  

The multifidi causes the spine to extend.  They have very little rotation capacity.  When a multifidus fires, it generates extension and pulling the capsule wall away from the facets.  

The multifidi are more involved in back pain than any other group, including the psoas muscle..  

Nerve Distribution to the Multifidi vs. Nerve Distribution to the Disc and Psoas

1. Ant rami =  Disc and Psoas…Disc lesions often involve the psoas due to anatomical location of the discs and psoas as well as similar innervation via the anterior rami.  Disc lesions often do not involve the multifidi because they do not have the same innervation (disc is anterior rami and multifidi are posterior rami)

2. Post rami = Capsule, facet and the multifidi….Facet subluxations cause problems with the multifidi due to similar innervation by the posterior rami  as well as anatomical location on the posterior wall.

Dorsal Ramus Syndrome/Facet Syndrome 
Extension of the  spine loads the lower facets of the segment. The capsule can become pinched with loading (compression) and extension.  A signal is sent to the multifidi to fire.  The multifidi fire as a protective mechanism.  Eventually firing of the multifidi causes: 1). Muscle weakness 2). Pain 3).Problems with movement (most movements are painful particular flexion and extension) 4). Pt. will not want orthopedic tests done to them because movement will generate pain.
This is the dorsal ramus syndrome (facet loop).  An irritation to the capsule, facet or to the multifidus can cause the loop to happen making problems worse and worse for the patient.  An adjustment can help break the syndrome.   Other treatment includes physical therapy, muscle relaxers and injections.
Research Study of How to Diagnose Dorsal Ramus Loop Syndrome
Very Easy to diagnose (30 points)

Back pain with thigh/groin pain (20 points)

Well localized paraspinal tenderness (30 points)

Reproduction of pain with extension (20 points)

Radiographic changes (20 points)

Pain below the knee (-10 points)

*** 60 points or more give the diagnosis with confidence

Traditional Findings with Dorsal Ramus Loop Syndrome

Pain back buttock, legs or groin

Paraspinal tenderness

Pain with notion

Signs of spasm

No neurological signs that standout

Dorsal Loop Syndrome/Facet Syndrome is the most common cause of low back pain that you’ll deal with.  True Disc herniations are 1-3% of all pain.  Most times disc problems are acute irritation of chronic pain.

Presentation
Flexion and extension is a problem.  Usually rotation is not a problem.  It is hard for these people to sit down on a toilet.  They can’t lean forward to get off the toilet seat.

Good News/Bad News of Dorsal Loop Syndrome/Facet Syndrome
The good news is that this problem responds to chiropractic care.  The bad news is that this syndrome will come back.  Often, the period of time between symptomatic events gets longer because the patient finds activities or positions that aggravated them and refrains from performing them.  Typically, flexed positions aggravate the problem.  As we flex the spine, we stretch the capsule.  Stretching of the capsule can cause both mechanical irritation and force arthritic changes.  Arthritic changes cause osteophytes production and mechanical irritation to the capsule.  We compensate with extension by firing the multifidi.  The multifidi increase tone and becoming painful and spastic.  The pain and spasm of the multifidi serves as further irritation and afferentation to the cord triggering more pain and more spasm.  Pain-spasm-pain cycle continues.
Review of Multifidi
1. Make the posterior wall of the capsule and innervated by dorsal rami…Over some protective support to the capsule

2. Primarily extend the spine and provides minimal rotation

3. Involved in Dorsal Rami Syndrome…Syndrome includes pain, problems with motion, spasm of multifidi, and eventual muscular weakness of the multifidi…Cycle is further perpetuated as pain-spasm-pain…
4. Signs are pain in the back, buttock, legs or groin, paraspinal tenderness, pain with motion, spasm, no neurological involvement

5. Most common problem we deal with as chiropractors are facet syndrome/dorsal loop syndrome

6. Treatment includes adjustment, physical therapy, avoiding aggravating positions…The problem can get better and come back eventually…Pt. should avoid flexed positions which stretch the capsule and can produce osteophytes.  This can later cause mechanical irritation and trigger bouts of the syndrome

Obliques
Crest BB’s = Fat nodules coming from chronic muscle injury.  The side muscles provide lateral bending and  fire eccentrically. Gravity does the work in flexion and extension, so the muscles on the opposite side work eccentrically to prevent you from falling over.  Eccentric strengthening is the mechanism to strengthen the muscle.  The multifidi may also be strengthened eccentrically since they work eccentrically in the body.   The obliques may also be able to provide mild rotation of  the L spine.
Random Info About Different Cord Segments
C-Spine Configuration

Configuration of the C-spine can lead to “pinched nerves”, vertebral artery problems, nerve degeneration, disc problems and osteophytes.  Osteophytic development typically occurs in the posterior parts of the C-Spine and within the flavum. Osteophytes may compromise the cervical cord.  Patients can present with arm, shoulder and hand pain..

Space available for the cord in C-spine (upper spine 20-23 mm) – C3-C7 (17 mm)…Osteophyte formation and disc herniation narrows the area.
Cervical and Lumbar Cord
The cord is more stretched in flexion.  Flexion tests of the lumbar spine can cause sciatica due to this stretching.  

Interdiscal Pressure

Amount of compression  = interdiscal pressure

Study of Interdiscal Pressure

L3 was used in this study.  A value of 100 is normal.  Findings indicate that all abdominal exercise stresses the L-spine and disc.  The abdominal crunch was the worst exercise on the L-spine and disc causing the greatest increase in discal pressure.  The crunch exercise showed reduction in pressure when placing a wedge underneath the patient’s legs.  This position was better for the spine than a crunch with the legs away from the body. 
Sitting creates more stress on the disc than standing according to the study.  Sitting shifts the SOG creating a larger moment arm.  Sitting up straight can help to fix the moment arm.  A true disc patient will not sit often (they’ll stand or lay down).  They do this because sitting increases the pressure in the disc.  The patient will not want to be in the painful position.  

Placing the seat back in a car (or a roll) decreases the pressure on the disc; however, placing the roll or seat in a wrong position (improper patient education) will increase the pressure even more.  The problem with placing the seat back in a car has a problem because the force can be magnified due to the moment arm.  
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Shoulder joint
The shoulder is the most complicated joint in the body and 2nd most commonly affected joint in the elderly.  As we age, we’ll see more shoulder patients as chiropractors.  A lot of people over 50 have shoulder complaints.  #1 for geriatrics is the low back and spine and #2 is the shoulder.

4 joints of shoulder:  1). GH joint 2). AC joint 3). SC joint 4). “Pseudojoint”
GH Joint

Great mobility and little stability at this joint.  It is a ball and socket joint.  The shoulder is more like a ball and saucer than a ball and socket.  The configuration of a “ball and saucer” gives great mobility.  The humerus is 3 xs bigger than the socket.  This gives great range of motion but limits stability.  Most shoulder stabilization comes from soft tissue.  It is very easy to dislocate the shoulder.  Most times people fall sideways with the arm back behind them (using some shoulder rotation).  Classic dislocation has the shoulder coming through the capsule towards the coracoid process.  It is much harder to dislocate posteriorly.  

Review of GH Joint

1. “Ball and Saucer” – Great mobility, little stability…humerus is much bigger than the socket

2. Stabilization is from soft tissue

3. Dislocations are mostly anterior – They involve falling sideways with arm behind them inducing rotation of the shoulder

AC joint

Opposite the GH…We can dislocate this joint by falling on the shoulder landing on the AC joint and “separating” the shoulder/joint. The clavicle moves depending on the ligament.  Typically, the clavicle rises due to ligamental laxity. 
AC vs. GH Injuries

1. AC separations =  The arm goes down during injury, so they want to hold it up
2.  GH joint dislocation = The humerus rises up, so they can’t mover their arm across, and they’ll want to hold their arm down (think Dugas Test)
The younger you are when you dislocate the joint the greater the chance of re-injury for both AC and GH.

The GH joint is rarely affected with arthritis.  If a patient has GH arthritis, think previous significant trauma.    .  Osteoarthritis of the AC is very common.  

Biomechanics of Clavicle/AC Motion

Biomechanics of abduction at 120 degrees = The clavicle must rotate to continue to raise the arm past 120 degrees of abduction.  If the clavicle can’t do this, then you can’t fully abduct.  

Grading Scale via X-ray

Grade 1 = Normal on X-ray…The remainder of the ligaments holds it in place…

Grade 2 = Ligamental tearing..clavicle will rise compared to the acromion 
Grade 3.= Complete Tearing…Significant elevation of the clavicle

They now recommend not performing a weighted and unweighted X-rays of the AC joint.  The patient will either cheat to maintain the position during the weighted view or they’ll be in more pain due to damaged structures holding the weight in place.

Review of AC Joint

1. Fall on the AC Joint (direct trauma to the joint) causes separation

2. Arm goes down during injured so they brace it holding it up (the mechanism is opposite that of the GH)

3. Common area of arthritis

4. Clavicle must move to allow abduction above 120 degrees

5. Graded 1-3 depending on clavicle position and ligamental support

SC joint

This joint also rotates to abduct the arm.  The SC joint has thick ligaments.  The 3rd most common chief complaint in whiplash is shoulder pain often associated with dislocation of the SC joint.  The SC is very difficult to image. 
“Pseudo Joint”
Bump on the back of the scapula (“Pseudo joint)—This is the location of a bursa.  Irritation of the bursae can create pain particularly with the aging process. 
Post Dislocation

The shoulder in not prone to dislocate posteriorly.  There are more structures and support posteriorly than anteriorly.  The biceps tendon may be injured with a posterior dislocation???
Bursa

The shoulder joint has many bursae. Common bursae involved with pathology are the subacromial and subcoracoid.
Rotator Cuff and Impingement Syndrome

The most common shoulder complaint seen is rotator cuff impingement.  5 muscles control the shoulder for stabilization = 4 RTC muscles and the Long head of the biceps.  
Supraspinatus

Supraspinatus muscle as an anatomic weakness.  The tendon compared to other tendons has an area of loss of blood vessels about 1-2 inches from it attachment point.  This poor vascularization can be easily stopped by raising hand over the head.  The supraspinatus is extremely important for stability of the shoulder.  

During abduction on EMG, the supraspinatus starts firing immediately and stays constant in firing all the ways across the arc of movement.  The trapezius and deltoid have more magnitude in abduction, but are not constant in firing.  So, the supraspinatus is not really an abductor.  The rotator cuff (particularly the supraspinatus) keeps the head of the humerus in the groove.
Supraspinatus Tendonitis and RTC Tears
Histologically, the tendon is not inflamed but has small degenerative tears.  MRI’s show minimal tears in adults 20-30.  MRI's show that people over 50, have 30-40% incidence of a tear on the painless side shoulder.   At 80 years old, MRI’s show  80% people have a tear on the painless side shoulder.  It is so common to have a RTC tear, they question the validity of an MRI because it will be + anyways.  

A hooked acromion can also contribute to both “tendonitis” and tearing. A torn cuff can still have normal function.  Function may be normal despite irritation.  Over time the hooked acromion can further ossify and present with osteophytes.  The osteophytes may further irritate the tear.  
A tear in the supraspinatus (2 possibilities):  1). Functional loss 2).  Muscle still performs but torn tissue is irritated.  

Supraspinatus Press test and the Drop Arm Test are tests commonly used to check for supraspinatus integrity and function.
Surgery for supraspinatus tears has poor history.  Many shoulder surgeons will not due the surgery in people over 50.  If surgery is performed, it is due to restoring quality of life, function, and restore ADL’s more than anything else.

Review of Impingement and Cuff Tears

1. Most common shoulder complaint is impingement

2. Supraspinatus tendon lacks blood vessels at attachment site that is further irritated by overhead motions
3. Supraspinatus and RTC primarily are stabilizers

4. Tendonitis really doesn’t occur histologically

5. MRI’s are + for tears despite normal function (+ tears are even on non-involved side) – validity of use of MRI on RTC tears is questionable

6. Hooked acromion and osteophytes on the acromion create mechanical irritation

Biceps Tendon (Long Head)

The tendon attaches inside the capsule.  There is decreased blood supply in the capsule and any intercapsular disease affects the biceps tendon (so RA affects the joint and biceps tendon).   If the humerus were to displace superiorly, it would have to push through the tendon to come out of the joint superior (this doesn’t happen except with RA).  RA on plain film shows the biceps tendon eaten away with an elevated shoulder.  ON X-ray, the humerus will be right underneath the acromion process along with decreased bone density.
Frozen Shoulder
The most common finding with surgery for frozen shoulder is tearing of the long head along with inflammatory process in the capsule.

Sports

Sports like Volleyball, Tennis, Baseball, and Swimming irritate the biceps tendon.  These are all overhead sports, particularly swimming.  Swimming is very hard on the biceps tendon.  The swimming stroke is an overhead event.  Every stroke a swimmer takes is overhead.  They repeat the stroke thousands of times each practice.
Sleeping in an overhead position can aggravate the shoulder.  It is very hard to change the position, since the position is often initially a comfortable position for the patient to sleep in.  You must educate the patient that the overhead position actually aggravates the shoulder.  

Calcification of the Biceps Tendon
Starts with vascular changes (decreased blood flow due to pH changes in an area).  Avascularity triggers calcification.  Avascularity comes due to repetitive motions, instability, and anatomy (the biceps tendon is in an Avascular area of the capsule) 

Treatment of Long Head of the Biceps Injuries
Allopathic Treatment = Surgery, Therapy, Medication 

Review of the Biceps Tendon

1. Located inside the joint capsule and has poor blood supply.

2. Frozen shoulder shows tearing of the long head along with inflammation

3. Overhead activities, sleeping with arms overhead and sports irritate the tendon

4. Calcification begins with vascular change

General Shoulder Joint Mechanics and Biomechanics

Rhythm

2:1 – We think of motion as 2:1.  The GH joint moves 2 degrees for every 1 degree of motion of the scapula…But in the first 30 degrees this doesn’t occur, because the scapula goes the other way.  This 2:1 rhythm only occurs in mid motion.  Beginning and end of motion have different rhythms.
Joint Stress

Holding the arm out with nothing in it, the arm is long and the muscle must work hard because the arm is long (long moment arm)…The joint should thus be considered a weight bearing joint even though it normally isn’t because of the long moment arm exerted along with the required muscular pull to hold the arm out.

Rib Motion and Lymphatic Drainage

10% of people are L handed and 90% right handed.  Mostly all problems are right handed.  There is an anatomical difference between L and R shoulders.  Lymph drainage occurs on L side more than right.  The head, neck and R arm drain differently than the rest of the body. 

Lymph takes extracellular fluid that cannot be passed by the veins and circulates it.  We use diaphragm and muscle pumps to move the lymph.  The pressure difference moves the fluid. Rib motion and 1st rib motion is often involved in lymph movement via changes in pressure.  A fixated rib can impede lymph drainage from the Upper Right quadrant and shoulder.  This changes the pH and deposits calcium.  Calcium deposition can cause a tear of either rotator cuff or the long head of the biceps muscles.  
General Treatment Advice for the Shoulder
The shoulder is controlled by nervous system through the muscles.  Don’t forget the spine with shoulder injures.  Look at the rib cage, diaphragm and C-spine.  A general rule of thumb is to start in the neck and work down.  

#1 Problem of shoulder is impingement syndrome.

Review of Shoulder Mechanics and Biomechanics

1. Rhythm – Normal Rhythm (2:1) only occurs in mid motion

2. The shoulder acts like a weight bearing joint due to the long moment arm and muscular forces
3. Many more R shoulder injuries than left…A theorized reason besides more R handers than L handers is because drainage of lymph on the R side of the body is different and can fixate the rib causing calcium deposition and tearing
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Recorder B4
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knee
The knee is the #1 joint outside spine that develops osteoarthritis.  From a biomechanical and anatomical standpoint, the knee is unique because it has internal ligaments (ACL and PCL), meniscus cartilage and regular synovium all within the joint capsule.  The ends of the 2 longest levers of the body meet at the knee creating a lot of force.  The knee is the largest joint of body and subsequently has the most synovial fluid in the body (5 mL).  
Joints of the Knee

There are 4 knee joints: 1). Proximal Tib-Fib 2). Medial Femoral-Tibial 3). Lateral Femoral-Tibial 4). Patella-Femoral.  

Proximal  Tib-Fib

The Tib-Fib joint (proximal) transmits 1/6th of the force to the ankle.  This may be easy to break.  
Medial and Lateral Femoral-Tibial Joints

These are 2 separate joints.  
Patella-Femoral Joint
Anatomical Considerations
The purpose of the patella is to glide within the groove.  The configuration increases the moment arm of muscles and gives s better surface for friction reduction.  Removing the patella would increase the wear and tear on the tendon crossing the patella.  Tendons are not designed to rub on bone, so the joint has bursae and synovial sheaths for protection.   Additional Protection includes a thick cartilaginous cap on the patella allows for smooth gliding.  The thickness of the surface cartilage on the patella is between 5-7 mm thick, indicating that it protects against stress.  The stress at the patella-femoral joint is the greatest stress in the body and that is why the cartilage is so thick (to aid in protection).  Additional protection is provided by the interosseus membrane.
X-rays of the Patella-Femoral Joint
X-ray of sunrise view of the patella:  Deepness of the groove is important. Depth is best checked using the sunrise view.  Cartilage and angular change indicate tracking problems and dislocations occur.  The most common problem is DJD (#1), followed by patellar tracking problems (#2).
Lateral X-rays require bending of the knee to 30 degrees to move the patella out of the way so that we can measure the joint surface.  The distance between the patella and joint surface is actually the thickness of the cartilage.  X-ray aids in the visualization of DJD by showing cartilage.  A decrease in the joint space or cartilage (protection) would indicate possible DJD.  
Biomechanics
30-90 degrees of flexion = surface area is consistent
 90 degrees of flexion =  Surface area changes and we use the cartilage as mechanical protection
Above 90 degrees (90-120) of flexion = Surface area is cut in half and stress is doubled…Doubling of force is why we try to avoid deep knee bends.
In a normal standing position, the force of the patella is 0.  The muscular, soft tissues, and joint forces prevent the patella from moving.  Bending the knee more and more, changes the COG and the muscles have to contract. As you bend more and more, forces increase and the resultant vector gets longer and longer.  At or just/above 90 degrees, the force doubles because of loss of surface area.  The farther you go down, surface area changes creating increased magnitude of force and changes the location force is applied.  Deep squats load the patella in different positions  
One of the worst sports for knees is competitive weight lifting.  You have to sink below 90 degrees to make a legal squat.  Weightlifters strap their knees so that they prevent the patella from flipping.   Strapping puts more force on the tendon.  This force can lead to tearing/rupture.  The best way to squat and teaching squatting is having the athlete put a chair behind them.  The chair will not allow you to go beyond 90 degrees of knee bend.  
Patella Fractures

Patella fractures are common.  They happen in falls.  The elderly population is more susceptible to falling and to patella fractures.  Sometimes surgeons remove the patella after a significant fracture.  Patella removal can be painful.  The joint mechanics are thrown off following patella removal and the joint will swell quickly upon physical exertion.    

Our feet go out in the normal standing position about 45 degrees to provide a big area of support making us more stable.  Knee and foot should not point straight ahead, because the tibia bone twists as it goes down.  
Review of the Patella

1. The patella has the thickest cartilage on the body to decrease forces allowing friction reduction and smooth gliding.  The stress at the joint is the greatest in the body and that is why cartilage is the thickest.
2. Most common patella problem is DJD, followed by tracking problems (subluxation, dislocation, etc.)

3. Above 90 degrees of flexion, the force on the patella doubles due to loss of surface area.  The force is also distributed at a different location on the patella.

4. Patella fracture is more common in the elderly with falls.  Patella removal is not a good option, biomechanically and functionally as swelling occurs rapidly and there is significant loss of function.

Ligaments & Meniscus Cartilage of the Knee
ACL & PCL
4 ligaments typically injured and tested:  1). ACL 2). PCL 3). Lat. Collateral 4). Medial Collateral
ACL and PCL are within the joint capsule and susceptible to joint conditions.  The ACL and PCL provide stability.  The PCL is larger and stronger than the ACL.   ACL injury is more common because it is smaller and weaker.  

Drawer Sign – knee is bent at 90 pull straight ahead…check for translation 
Lachman’s – knee is bent to 35 and pull is medial…check for translation
PCL – Prevents the tibia from going backward.  
Sag Sign:  You should do this before ACL or PCL is checked.  Lay them down and put both hands in Lachman’s position.  The doctor checks to see the contour of the knee.  If the PCL is torn in this position, the tibia sinks.  If the tibia drops down, the patient has a + sag sign.  Always do the sag sign first, before drawer tests or Lachman’s.  

The mechanism for an ACL tear is twisting.  Complete PCL tears are more dramatic and harder to live with than ACL tears. The PCL is a bigger ligament and provides more stability than the ACL.  Clinically when you have a tear, there will be effusion in the joint.  Ligaments (particularly) the ACL and PCL are very likely to bleed into the joint.  
Medial and Lateral Collateral Ligaments
The collateral ligaments are different.  The medial is very thick and connects to the tibia and meniscus.  The lateral is smaller and connects to the fibula.  The medial is more often injured because a direct force to the lateral leg is imparted stressing the medial ligament.  

The meniscus and medial collateral may be injured together because the fibers meet.  Tearing at the joint line can pull part of the meniscus with it.  

Meniscus

3 functions: 1. shock distribution 2.  Nutrition to the capsule and to the cartilaginous surface 3. Controls and directs the movement of tibia and femur
Removal of the meniscus causes force generation is 3 xs greater than normal.  They used to surgically remove the meniscus following injury.  Meniscal removals lead to OA.  The meniscus cartilage doesn’t have good blood supply and won’t heal when either sutured together or removed.  Clinically, most people have a meniscus tear and can’t feel it because of poor blood and nerve supply. 

Meniscal Tests and Tears

Apley’s Compression and Distraction:  Twisting 

McMurray’s:  Most orthopedic surgeons do this.  This is often considered the “Gold Standard” test for meniscal tears.  The test can be done in many ways.  Take the leg and start in bent position and put fingers on joint line and bring knee up and feel the joint line.  At about 30 degrees you may feel a clunk.  The clunk indicates a tear…. Classically, the McMurray test is good for only the posterior part of the meniscus
Tears can have many shapes.  Classic is the medial meniscus and medial collateral tear.  The tear is in the joint and is small, circular in shape.  If the tear is in a certain area and the bone is rubbed over this, you’ll feel pain.  If not, then the test will be negative, even if there is a tear. The best sign of a meniscus tear is pain at the joint line that stays at the joint line.  Even with the use of MRI’s and physical diagnosis, meniscus tears can remain silent due to absence of physical findings (pain, lack of motion, swelling, etc.).  

The meniscus moves as you move.  The meniscus directs the condyles to move in the right manner.  Removal of the meniscus leads to OA because weight and forces are now improperly distributed causing excessive loading in the wrong areas.
Random Info

Medial joint = primary weight bearing part…You’ll put more stress on this side of the joint (one of the reasons why DJD and injury is more common here)



VS.

 Lateral Joint = Used in the swing position of gait (less common to have DJD because it bears less weight and the joint is actively stressed in the swing phase of gait when there is minimal to no loading occurring)
Behind the patella is the 1st place of developing OA (usually hard to see on X-ray).  The second most common place to develop OA in the knee is the medial joint space.
The knee has many bursae.  You can get a + ballottement sign with a bursa.  
Knee Injuries and Rehab

ACL injuries are common.  ACL injuries and rehab are both linked to neural mechanisms.  The ACL is very highly innervated with proprioceptive fibers/proprioception.  Tearing of the ACL, requires at least 1 year to re-establish proper neural control.  These people are called “klutzy walkers” because neural control is not there.  

An easy way to check for “klutzy walking” is to have them walk on sand.  The doctor checks to see if the heel digs deeper into the sand.    The “klutzy walkers”  show delays of  the foot muscles during landing with abnormal weight transference and abnormal loading during gait.   Swollen knee (joint effusion) has a capsular reflex that prevents full contraction of the knee muscles indicating a neural component to an injury.  The neural component interrupts normal proprioception which leads to abnormal muscle firing patterns presenting as “klutzy walking” and lack of balance.  

Review of Knee Ligaments and Meniscus Cartilage

1. ACL and PCL are within the joint and provide stability.  The ACL is more often injured because it is weaker than the PCL.   A PCL tear would impact life more than an ACL because it provides more stability than the ACL.
2. Sag Sign should be done before Drawer Tests or Lachman’s.  + Sag sign indicates PCL tear.

3. The mechanism for ACL tear is twisting/pivoting.

4. Medial collateral ligament is fused with the medial meniscus which both attach to the tibia.  The medial collateral ligament and meniscus are more often injured to blows from the lateral side.

5. The role of the meniscus is shock absorption, nutrition, and controls movement of the tibia and femur

6. Meniscus cartilage is slow to heal due to poor supply.  The cartilage also has poor innervation. Poor blood supply and innervation mean that it doesn’t heal well and makes diagnosis of meniscal tears difficult.
7. Meniscal removals after tearing are linked to premature DJD/OA with 3x increase in forces.

8. A test is only + for a meniscal tear when the test can irritate/produce pain when rolling over the tear.  – tests do not necessarily mean a tear is not there, but rather indicate that the maneuver didn’t provoke pain in the area of contact (there could still be a tear).

9. The medial part of the joint is the weight bearing part and more prone for DJD.
10. Knee rehab should include proprioception.  Proper proprioception is restored at about 1 year post injury/surgery.  This is neurological component to the mechanism involving a capsular reflex and muscle recruitment.
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Ankle 
The talus does not have a muscle attachment.  The #1 site of injury in the body is the ankle and lateral ankle sprain.  The ankle is also a common place for fracture.  This is an uncommon site for arthritis.  

Close Pack vs. Open Pack

Primarily the motion of the ankle is sagittal (flex and extend).  The ankle joint is wider in the front than back. Close pack position wedges the talus between tibia and fibula.  The ankle is susceptible to fracture in the closed pack position.   Most fractures occur with extension/ hyperextension/dorsiflexion (close pack).  Ligamental injuries occur when soft tissues support the joint (open pack position when the talus is not wedged between the two bones).  In the open pack position, soft tissue provides restraint against abnormal joint motion.  

Osteochondritis Dessicans

The talus is the 2nd most common place after the knee for osteochondritis dessicans.

X-ray Info

The most important view is the across the talus (medial oblique ankle???).  This view also shows swelling the best.  Lateral view is not good at showing joint swelling.
Lat view of ankle = Most common problem seen in this view is calcification/calcaneal spur.  
Calcaneal Spur

Spur are often asymptomatic (creating minimal to no pain).  The spur indicates physiologic stress that does calcify.  Often the complaint is not at the site of the spur, but elsewhere.  Most people between 30-50 have a spur.  The first indication is that people get up in the morning with a pain/tenderness in the underside of the foot. This condition progresses with more and more pain that lasts longer and longer in the morning.  
Runners are more prone to spurring at an earlier age.   Over time more weight falls on the arch, muscles weaken and the longitudinal ligament can stiffen.  This process occurs with aging and prematurely occurs with runners.  Sleep can also be problematic.  As you sleep, your toes curl causing shortening of the ligament and arch in the morning.   Stepping/walking in the morning causes small microtrauma or tearing of the fibers.   

Treatment of Calcaneal Spurs
Orthopedic treatment includes arch supports that need to be constantly worn in shoes, often for the remainder of life.
Preventative treatment involves wearing boots to bed.  Boots keep the foot and toes in a good position.  The patient can also wear a plantar fasciits brace.  The brace is to be worn at night to stretch the plantar fascia.  The brace gives good care if you catch the problem early enough.
Ankle Sprains
Most common injury you’ll see as a chiropractor are ankle sprains.  Inversion sprains puts stress on lateral ligaments.  The most common injury is to the ATF ligament of the ankle.  As you role over into inversion, the ATF gets torn.  The ankle is in an open pack position which stresses the ligaments.  Inversion particularly stresses the ATF.  The ATF cannot support the ankle position leading to a sprain.

Grade 1: Mild sprain (the ankle still maintains good function)

Grade 2:  Can lead to ankle instability

Grade 3: Ankle Instability

High Ankle Sprain

Mechanism of injury is different than that of a lateral/inversion ankle sprain.  The ankle hyperextends/dorsiflexes and goes out (everts) tearing the Ant. Tib-Fib and possibly injuring the syndesmosis (membranous sheath) above the joint.  Tearing of the syndesmosis leads to ankle instability.   The Post. Tib-Fib ligament does not tear as often.  When the joint space separates, a 1-2 mm displacement can occur.   The displacement causes a new wear pattern.  The wear pattern that occurs with high ankle sprain instability or fracture with instability can lead to OA of the ankle.  Ankle replacements used in cases of severe degeneration are not very effective.

Eversion

Eversion mechanisms can lead to fractures.  Fractures can be either 2 to 3 point bending fracture.  In a 3 point bending fracture, bone typically breaks at the 3rd point.  In a 2 point bending fracture, the bone breaks at weakest point.  What seems as a “bad ankle sprain” may be a fracture, particularly if eversion is the mechanism.  In an eversion injury, palpate the fibula and making sure you don’t come across a fibular fracture.  Most fib fractures are braced, because they don’t heal well (multiple different reasons).  typically, you’ll see fractures with high ankle and eversion sprains that can lead to instability of the joint.
Ankle Injury Rehabs and the Importance of Proprioception
Ankle injuries can lead to structural instability.  The injury can heal with car tissue later causing Functional ankle instability (normal structure without Proprioception).   Research and rehab are now including active components to restore proprioception and normal biomechanics.  OA is common sequelae to instability injuries.  This has been recognized in the literature, so people we now attempt to include proprioceptive exercises into rehab to prevent degenerative changes leading to OA.
Review of the Ankle Joint

1. The #1 site for injury is the ankle and the #1 injury is the lateral ankle sprain….DJD is not very common at the ankle
2. Open pack positions stress soft tissue/ligaments (sprain) and close pack stresses bony structures (fractures)
3. Calcaneal spurs are often asymptomatic…They occur between 30-50 presenting with pain and stiffness in the morning that gets progressively worse.  Treatment includes bracing and supporting devices.

4. Lateral ankle sprains often affect the ATF ligament with an inversion and plantar flexion mechanism.  

5. A high ankle sprain involves dorsiflexion and eversion.  Injury can occur at the ant. tib-fib ligament and the syndesmosis leading to instability.  Progressive instability can lead to OA.

6. With eversion mechanisms, check for fracture.

7. Proprioceptive exercises are important in rehab following injuries of instability to prevent against OA.

Foot

Feet are very complicated.  There are never 2 feet that match.  There is no such thing as a perfect foot, because 2 feet don’t look alike.  Angles in the foot are different in everybody
Liz Franc

The joint at the 2nd cuneiform needs to be more rigid in the middle.  When palpating the foot, be careful of Liz Franc Joint at the 2nd cuneiform.  Be conscious of the joint and that it needs to be rigid allowing force transfer during push off.  Do not adjust the restriction at this joint just because it feels “locked” up vs. the other joints around it (make sure to compare bilaterally).
Stress Fracture

Stress fractures occur in the 2nd metatarsal often. It carries the most force.   
Biomechanics of the Foot
1). The foot is a “gripper” when foot is flat on the ground (stability) 

2). The foot converts to a lever as the ankle laterally rolls and knee extension occurs…The talus acts like a pivot or U joint to screw the bones of the foot (SCREW HOME MECHANISM) into a functional lever.  The talus specifically does not have muscle attachments, so it can act like a pivot.  

So you push off with this mechanism after the “screw home” – the making of a functional lever of the bones and joints of the foot.  The lever goes from the calcaneus to the end of the big toe.  This means that the muscles for push off don’t work as hard and are more efficient because of the mechanism.  The screw home is thus a rigid mechanism allowing push off to occur and propulsion forward during gait.  The mechanism coordinates transfer of forces from knee—ankle---foot----ground---push off.
During landing, the knee extends and locks the foot with the same mechanism, acting as a lever for the anterior foot muscles to slow the rate of landing.  This helps the lower leg muscles providing a mechanical advantage. 

The tibia does not externally rotate with knee extension 

Supinating your foot (ER rotation) – turns the foot into a long lever
Pronating your foot – does the opposite (no lever)
OA of the Knee and the Impact on the Foot and Ankle
Medial joint space decreases with OA in the knee.  OA at the knee affects the foot and ankle via the screw home mechanism.   A patient can lose ER of the tibia and lose the locking mechanism of the foot.  Muscles now have to perform an additional task. 
Eversion vs. Pronation
Eversion:  Occurs at Ankle Joints VS. Pronation: Occurs over the whole foot 
Force Transference during the Screw Home Mechanism
1. Goes through Calcaneus 2. Goes through the arch of the foot 3. Goes down the lateral side of the foot to the toes 

The locking, screw home mechanism makes all the joints line up.  

Sesamoid bones of the Big toe

They have cartilage (reduce wear) and provide a moment arm for muscle advantage.  

Hallux Valgus

Hallux Valgus costs more money to US Healthcare than chiropractic care.  Normal alignment of 1st ray should be more less than 10-15 degrees of valgus.  If the 1st ray is greater than 10-15 degrees, then the deformity is considered Hallux Valgus.   
During hallux valgus, the force pull switches to the inside and starts to push all the rest of the toes over.  The 2nd toe can lie on other toes.  This is a painful position and typically occurs in people above 50.  These people develop bunions.  They widen their foot path (stance) and have rubbing on their shoes.  There is callus (soft tissue) formation.  These patients develop arthritis in many places.  Eventually they can’t walk.  The patients seek surgical relief from podiatrists who snip the MET heads.  There is a great risk for infection.  
86-90% of bunionectomies are women.  95% of money making surgeries can be prevented by normal foot ware (not wearing high heels).  
High Heels

High heels are the death of toes for women.  There is not a biomechanical reason for heels.  Injuries from high heels are entirely preventable.  High heels cause bunions, hallux valgus, affects muscles, affects the bending pattern of ankle and knee, contributes to knee osteoarthritis, causes greater energy expenditure when walking, causes greater instability (recruit lateral control muscles), and causes shortening of Achilles tendon,  Achilles tendonitis, Achilles Rupture ( high heels during week with tennis on the weekend….shortening with quick stretch and force applied can rupture the tendon), LBP (posture…high heels increases the sacral base angle immediately, but after 10-15 minutes the angle will decrease because the body compensates so it doesn’t fall over),  and cause hammer toes (high heels narrow the toe box). 
Men with Hallux Valgus:  Cowboys (cowboy boots – due to narrow boot) or Congenital
Shoe Wear
They have discovered the more expensive the shoe and the better it feels the worse the shoe is because it shuts off your intrinsics.  Over time the muscles atrophy.  
Runners often rehab running on sand building up foot intrinsics.  The intrinsics of the foot atrophy with improper foot wear.  

BIOMECHANICS – 4/2/08

Gait Mechanics
Motion and Mechanics
Walking and running mechanics are different.  No-one has the same foot left to right person to person.  Everyone’s gait is unique and different.  There are some standard things that occur with gait.

Pelvis and Legs

Normal, standard gait….The COG slightly changes from step to step.  Ideally we want a straight line without abrupt changes of motion.  This is the most efficient way to move.  This would occur if we were on stilts.  Normal person takes 5-15,000 steps per day (average 10,000 steps per day).  We take millions of steps in our lifetime that jar us.  
SI Joint

It is not uncommon to see no motion in the elderly at the SI joint.  Normal motion is only 1-2 mm in a healthy patient. 

Motion palpation of the SI joint is very difficult.  You are actually pushing on many structures.

Axis of Rotation

To determine motion is difficult since, it is difficult to determine the center of axis or rotation in each person on each side for each step.  Everyone’s gait is different and can even change from side to side and step to step. 
Gillett’s Test

Gillett’s test has poor interperson reliability and is not a good test.  The key is the raising of the hip and determining what exactly goes on.  The best test for the SI is to poke at it and determine pain and determine why it is painful.  Pain can be due to  increased or decreased motion or other problems.
Pelvic Motion

Normal gait involves pelvic rotation.  The pelvis moves forward and back.   Motion is stopped going in the downward direction by the normal actions of pelvic rotation.  We don’t have to go down as far with each step and this smoothes the direction of motion.  A patient that won’t be able to have smoothness of pelvic motion, may be the elderly.  Geriatrics have fused sacrums with closed SI joints and closed pubis symphysis.  The closed joints limit rotation and show downward deflection of the pelvis during gait.  Downward movement is less economical on the body.
 Ankylosing spondylitis or fixations can also change gait in the same manner as the geriatric population..  L5 and L4 disc spaces are very important for rotation of the pelvis.  Fusion of the L5 and L4 regions swill significantly alter gait.  

The SI are important for a torqeuing motion producing some twisting at L5.  A transitional segment will have more twisting or torqueing on the segment.  The two highest areas for tropism, DJD and DDD are L5-S1 and T12-L1.  Force generation of 10,000 steps per day causing twisting and stress at L5-S1 and T12-L1 can lead to the conditions of tropism, DJD, and DDD. T12-L1 and L5-S1 also have a lot stress due to counter-rotation of the arms and pelvis during gait.
Normal gait involves a pelvic list.  This may seem counterintuitive to have a list.  Trendelenburg (lift leg and pelvis drops on opposite side) mechanism allows the pelvis to drop on the opposite side or the swing leg side.  We allow the pelvis to drop slightly to create knee flexion.  The swing leg must bend or else abnormal forces will be transferred to the kinetic chain.  SI or L5 problems (fixations, DJD, AS, RA) have a hard time dropping the opposite side and it affects gait.  It causes jarring and energy consumption.   Knee problems (fusions, DJD) affects the area causing more problems by abnormal force transference and lack of absorption.  Lack of smooth walking can jar the body and head.  

Coordination

The ACL determines coordination of the muscles slowing the foot down at strike.  The Tib-Anterior is very involved in coordination of gait.  Syphilis and disc herniations at L4 affect the L5 and L4 nerve, which control the muscles that decelerate the foot when the heel strikes.  This causes a flapping noise at strike.   ”Klutzy walkers” have either a delay or speeding up of this mechanism that change the loading pattern after heel strike.  These are the people who generally have idiopathic knee pain.    

Steppage Gait

Steppage Gait (L5-L4 nerve palsy)…Normally we the COG is a straight line, but this changes with nerve palsy/steppage gait.
Angle at the Hip

We have the femoral shaft angle (120-130 or 125 +-5)…If your legs went straight down, COG shifts left to right or side to side.  A normal pattern has foot treads as a dotted line almost superimposed.  Decreased stability will have non-superimposed treads (foot marks) causing them to use more energy.  Altered femoral shaft angles and asymmetric angles causes the person to expend more energy with gait.
Muscular Involvement during Gait

Glut Max 

One cycle is Heel Strike to Heel Strike.  The glut max doesn’t work more than ¼ of the time during a normal stride.  The rest of the time it doesn’t do anything.  The glut max normally extends the thigh concentrically.  During gait, the glut max works eccentrically controlling the contraction of walking while the hip goes forward.  The glut max does negative work (eccentric is – work).  

Glut Medius
The muscle fires when the other leg is off the ground.  The glut medius fires eccentrically because it lets the pelvis drop on the other side.  This fires in the – work position.

Quad
The quad fires more than the glut max, so more than 25% and less than 50%.  It pulls the leg forward normally, but in gait it pulls the leg backward mostly.  The net is backwards movement or eccentric contraction (- work).
Hamstring
Supposed to pull the leg back and bend the knee during concentric contraction, but it fires during extension.  It works mostly eccentrically.

TA
Fires when the foot comes down firing during stretch. Normally, the TA fires concentrically with dorsiflexion and inversion, but fires eccentrically during gait it works eccentrically during plantar flexion and eversion.  The muscle works by eccentric contraction ( Very little + work and mostly – work).  

L4 Herniation

L4 herniation—“trip on flat 4’s”…The toes don’t come up at the right time throwing off synchrony of gait. 
Calf Muscles 

 Slightly help plantar flex during gait, but not very often.  

All together
We see the big muscles are antagonists to each other and fire at the same time.  They don’t propel us, but they help stabilize us.  Rehabbing someone to walk, we usually do something wrong.  We sum the negative and positive work from the muscles and this provides an indication that the work is negative.  Starting to walk, to get you to go and stop, they balance out to be zero.  You walk by momentum.  You start to walk by leaning forward and placing one foot in front of you.  Walking is a controlled fall.  You only use 30% more energy than standing still during normal gait (it should be efficient).  Walking rehab should include stabilization exercises for the eccentric working muscles and include the quadriceps.  The quadriceps is mostly the muscle to propel you forward.  A good exercise is to pool walk because of the resistance to pull backward and push forward helps to train the muscle.
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Mechanics of Manipulation

Finding subluxation:  Components (Lance 9 Component Model)…Altered biomechanics of a joint affects function (lymphatic, vascular, neural, myo and other portions)…You cannot just go by motion.  The most important finding is the neural findings (pain, sweating, and change in temp, change in capsule swelling).  The neural findings occur because of loss of motion.  Immobilizing a joint (ex fusing vertebrae)  within 1-4 osteoarthritic changes develop (osteoarthtiric paradigm of motion).  Fixated segments (motion and static palpation)…Static findings help give us the neurological findings.  The consequence of subluxation can be osteoarthritis.  Other consequences can be neurological.  Stop moving a joint sends input to the cord that causes additional problems.  

***article on overhead….Basic Science Research related to chiropractic spinal adjusting:  The state of the Art and Recommendations revisited (in JMPT)…The article talks about anatomy, neural components (autonomics) and the rest of the components…The study gives recommendations for future studies ***

Farfan:  He had 2 major reasons why joints don’t move.  A scar has different collagen and different organization.  Functionally, scar tissue loses elasticity, has more nociceptors, and less function/movement.  A scar in the capsule makes the capsule less elastic and also is why adjustment makes the joint move.  Adjusting into the paraphysiologic space stretches the capsule more than it can go.  Nothing happens to the normal tissue, but the scar tissue, tears the scarring in the capsule.  Farfan didn’t understand musculature.  We now know the muscular component of adjusting is huge.  

Typically pain syndromes, adjusting can i

We now use as reasons for fixation…Synovial membrane impingement (we do see this).  This is the entrapment, extrapment theory.  The discs can get pinched.  Cavitation can separate the synovial discs and put them back into alignment.  The good news is that we found that often these are not pain generators.  Osteopaths use this theory often to explain adjustment.  Another theory is capsular swelling.  Swelling tightens the capsule and changes the surface tension.  We lose the – effect in the capsule as it becomes + (maybe swelling is the body’s way of fixing fixations).  
The spine is stable by muscles.  Taking a cadaver's spine and putting weight on it and it will buckle, do the same to a live human and it will also buckle but it will take 100x more force to do so.  The muscle firing stabilizes the spine.  Vibration plates (within 10 minutes 85% of the neural energy stops meaning the control for spinal stability is gone within 10 minutes of therapy.  That is a fast occurring process).  We look for the joint capsule firing to the cord where we think Proprioception is coming from.  The remaining 40 minutes of work there spine was unstable.  They rested for 10 minutes and then got 10-15% back and then resumed work and lost the control within 2 minutes.  

Static flexion for 10 seconds with the same study suggests capsular inputs into the cord diminish rapidly.  

Vibration like the long haul truck drivers or positions of flexion can cause the back to go out but theory of stability of spine lost because capsules stop sending inputs to the spine.  The natural zone of the joint is typically what we look at with instability as the neutral zone is smaller and moves.  This changes and can buckle the spine.

The thrust of adjustment requires the joint in the neutral zone.  This goes against what is taught.  We are taught lockout.  This is a position of either flexion or extension.  In these positions, this is where the capsule fires.  When we thrust from this position we have to overcome the tension of the capsule (this is newer evidence out there and is contrary to what we are taught).  This is preloading the adjustment.  

You cannot rehabilitate a person on a power plate unless they have a stable spine.  The plate does stimulate neurological findings, particularly within muscle, but cannot be done within an unstable spine.  
10 minutes of vibration takes 85% of the stabilization away via the capsule and the reactive ability of the muscle from a firing standpoint.  Our spinal muscles have greater density packed with receptors (mechano and receptor).  Mostly they have slow adapting receptors for stability and posture control.  They think this is the controlling mechanism.  Fatigue of the muscle and you lose control of the spine.  

Classic fixations normally this is close or in the neutral zone.  Taking an X-ray of the spine, you usually don’t see subluxations, because people are mostly in the normal parameters, but by palpating you can find findings indicative of subluxation.  The best way to cavitate is with speed.  Speed helps overcome the tension.  

Start them in the neutral zone and you then go into the paraphysiolgical zone.  It is easier to cavitate if you start in the neutral position.  

Capsular swelling is one of the sings you feel, but why is gone with the adjustment…if it swollen you can’t cavitate it…so what happens and where does it come from….It can come from the other side or from joints above or below as the neural components  goes above and below 1-2 levels…We get different neural response with cavitation than without…The speed is more important than the slow…The rapid stretch may help…

HVLA vs. VHVLA (very high velocity)….This is activator (VVLA).. Activator can move the vertebra more than manual adjustments..The speed can be quicker, but you might not get cavitation with the activator.  
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Final

Will include the spine and spinal biomechanics…Know the anatomy of the spine from a biomechanical point of view (shape of discs, facets, etc., normal curves of the spine, pathology of spine – scoliosis, ) how shape contributes to the function of the spine, ligaments of the spine (what they do and how they do it), muscles of the spine (multifidus, psoas, obliques), Know how the joints work (especially spinal joints), nerve supply to facets, stresses on the spine in certain positions (lifting), 
Major Joints of Body

Shoulder…What is unique about the shoulder (ball and socket, unstable, neuromuscular control), soft tissue injuries over boney injuries

Hip. Stable joint (most pathology are bone and joint problems and not  muscular related), Hip angles (significance, diseases affecting the angles), 

Knee (what is unique about the knee), pathologically we see a lot of injuries and arthritis, 4 joints put forces at the knee, most injuries are soft tissue (ligament and meniscus minimal fracture), We see osteoarthritis at the knee (due to injury – early or late), 
Foot and Ankle
Ankle is sturdy and takes a lot stress, M/C injury is ankle sprain, stability of the ankle, high ankle sprain vs. inversion sprain, Fracture, Closed packed vs. open pack ankle position (open pack you see inversion sprains vs. close pack high ankle sprain/and/or fracture)
Foot

More complicated, no one is normal, left foot and right foot are different, joints of foot (function, chain between foot, knee and hip that affect function), bag of bones vs. lever (how the joints work together), plantar fasciitis, Achilles tendonitis, bunions, 
Gait

What happens to the pelvis and the knees during gait, the importance of femoral shaft angle, muscle actions (how they work, when they work, how often they work), 

*** You will have to know general concepts from the first exam ***
Highest stress joint is the patella-femoral joint.  It is at the apex of the tow longest levers of the body.  The bending also increases forces.  The thickness of the cartilage is great, because the body has to protect it.  Common (bending L4-L5) for OA.

Closed Pack vs. Open Pack

Closed pack means the joint is most congruent.  The ankle is most dorsiflexed and elbow is most in extension.  Energy transferred n the closed pack position, can lead to fractures.  Open pack position lead to soft tissue injuries.  If you know what position the joint was in at the time of injury, it’ll help to diagnose the injury.

Normal Anterverison Angle
15 degrees (that is why we do this on X-ray of the hip)

*** There may be terminology questions ***

*** All questions will be multiple choice with no essays…50 question exam 1 hour ***
