ADVANCED BIOMECHANICS – TEST #2 – 7/16/09
HIP MECHANICS AND APPLICATIONS
If a kid walks in with a limp, it is a good rule of thumb to order imaging.  

Hip Stats
20% of persons with a hip fracture die within a year from factors directly related to these fractures

Half of all patients who enter hospitals for hip fracture will not return home or be able to live independently
What is chiropractic’s role?

Degeneration of joints is due to using wrong muscle pattern.  Chiropractors don’t treat hips as often as we should.  The reason is that hips don’t cavitate.  We as a profession are cavitation junkies.  Another underserved area is the first rib.  

Neck/Shaft Angle
Determines effectiveness of hip abductors, length of the lower limb, and forces imposed on the hip joint

Normal Angle:  125 degrees

Shear forces through the neck can fracture the angle of the femur.  Lack of posterior glut medius strength may eventually lead to the fracture, because the glut med is responsible for correct force generation and dissipation of load.  Post glut med strength also is responsible for proper development of the acetabulum.

Coxa Valga
Angle is greater than 125 degrees

Lengthens limb

Decreases effectiveness of hip abductors

Increases load on femoral head

Decreases load on femoral neck

Coxa Vara
Angle is less than 125 degrees

Angle of Anteversion
Angle of intersection of long axis of femoral head and transverse axis of femoral condyles

Normal: 12-15 degrees

ANTEVERTED HIPS

1. Have symptoms from hip down.  
2. Glut function is essential to make up for anteverted hips. 

3. The most likely symptom is knee pain (patellofemoral syndrome).  

4. There is excessive hip IR.  

5. Normal compensation for anteverted hips is external rotation/torsion of the tibia.  Gait will adapt with time.

6. They may present with squinting patella
7. Increased Q Angle

8. Increased leg length occurs

9. Increased pronation at the subtalar joint
RETROVERTED HIPS
1. Retroverted have problems from hip up.   
2. Retroverted hips lose hip internal rotation and suffer from lumbar spine rotation.   
3. Joint play may be hard/bony (structural problem) with hip IR screen or soft/springy (functional problem - indicating tight muscles like piriformis or hip external rotators).  
4.  Retroverted hips can present with disc herniations due to excessive lumbar rotation at L4-L5 or L5-S1.   
5. The treatment for retroverted hips is lumbar spine stability.  
6. Unilateral motions (kicking – soccer, golf, etc.) may chew up the lumbar spine. 
7. Decreased Q Angle
8. Decreased leg length
9. Increased Supination at the subtalar joint
Hip Disease and Injury
Very young and very old

Hip and Groin Pain DDx
1. OA
2. Trochanteric Bursitis: Classically, this diagnosis states that they can’t lie on their hip at night.
3. Snapping hip: Rule out leg length inequality.  3-5 mm is clinically significant for a lift for leg inequality. Differentiating a functional from a structural problem: 1). Scanogram 2). Supine-Sit Test 3). Trial of Care.  
a.  A scanogram is an X-ray device used to measure leg inequality.  It is a sensitive, yet expensive technique.
b. Supine-Sit Test:  Have the patient lying supine and place your thumbs on the medially malleoli.  Have them bridge 3x to relax the pelvic musculature.  Then have them sit up while measuring the medial malleoli to see if there is a change from supine to sitting.  Structural problems won’t change.  Functional problems will show change in the heights of the malleoli
c. Functional Treatment/Trial of Care:  Any care that you do (adjusting, soft tissue work, stretching, PIR, etc). Should change the heights if it is a functional problem.  If not a functional problem, your treatment will have no effect in the height.  
4. Labrum Tears

5. Fracture 
6. Muscle Strains

Hip Osteoarthritis
Groin Pain (not past knee)

Worse with activity

Shoes and socks:  Hard time putting shoes and socks on

Musculoskeletal Deficiencies: Changing the muscle synergies helps the hip.  Sedentary lifestyle affects the hips.

Loss of internal Rotation

Pain on hip scouring

Relieved with distraction

Hip Flexion Contracture:  A very + Modified Thomas with bony end feel may be present.  If this presents, don’t continue to do PIR.  PIR is for soft tissue contracture, not joint fixation.  A severely arthritic hip may have a bony end feel/bony block
Treatment Advice for Hip OA 
LONG AXIS DISTRACTION FROM A SUPINE POSITION FEELS GOOD.  YOU CAN ALSO DISTRACT WITH RHYTHMIC OSCILLATION.  
Trochanteric Bursitis
Lateral hip pain

Laying on side of involvement increases pain
Usually non-radiating

Tenderness above trochanter

Precursor to OA

Trendenlenburg (failed)

Failure of Functional Tests

Anterior part of Glut Med acts like the TFL:  

Correlating the Hip and Spine
“I am continually surprised at the number of people with back troubles who also have hip troubles” (McGill, 2002)

Compensation Patterns
Biomechanically, what muscles would make the most efficient stabilizers?  The glut max is perfect stabilizer of the hip.  The glut med is the second best.  

When we use these “trick” patterns of stability we can still function, but at a price

The tight TFL has a muscle pull that is not congruent to hip joint function.  Synergy of muscles (improper synergy) wears the hip.  Improper synergy leads to later degeneration that is visible on X-ray and MRI.    

Muscles:  Friend or Foe?
Standing and walking with a hip flexion contracture decreases a joints ability to dissipate loads

Higher joint loads pass through thinner areas of cartilage (A sure disaster)

Far Reaching Effects of Dysfunctional Hips
Although the hips may not be painful, synergy of the muscles around the hip are often disrupted

This has huge implications for knee and lumbar spine mechanics and the whole locomotor system

Why are hip replacement procedures performed at a “perfect joint?”  Hip fractures are blamed on osteoporosis or trauma.  The reality is that hip muscle synergy is an overlooked culprit.  Perfect synergy and muscular support will lead to less fractures.  

Problem Solving at the Knee
Excessive leg internal rotation frequently caused by over pronation can be a huge factor in PF (patello-femoral) syndromes and valgus induced syndromes

Knee Function is Slaved to the Hip
IN the frontal plane, knee position is dictated by eccentric control of the G-Med

In the sagittal plane, control of hip flexion is dictated by eccentric G-Max activity
In the transverse plane, control of hip rotation stabilizes torsional???
Control of knee valgosity is PROVIDED BY GLUT MAX AND MEDIUS, NOT THE VMO (vastus medialis obliques).  Female non-contact ACL tears occur because of loss of eccentric glut control of hip flexion and internal rotation. 
Foot and Hip (Sahrmann 2002)
When the foot is rigid and supinated, the forces are directed up the closed kinetic chain rather than down

IF the GRF (ground reactive forces) goes through the lower extremity unchecked (via pronation), then the hip joint is subject to degeneration

When the foot is pronated, proximal forces primarily originating at the pelvis and hip contribute to the alignment fault

Most commonly, poor control of the hip lateral rotator muscles allows the hip to rotate medially and exert a pronation stress on the foot

Pronated vs. Supinated Foot

Supinated Feet

A foot that does not pronate (stuck in supination), can’t dissipate load.  
When they walk, you can hear them. 
Observation leads to cavus arch (high arch commonly seen in supination).  

The calcaneus in a supination or high arched foot will sound off during adjustment. 

The supinated foot needs adjustment.

Pronated Feet

The overlay pronated foot needs muscular activation.  

The pronated foot often won’t cavitate.  

Pronated feet are soft and supple

Pronated feet can’t toe off with a rigid lever and cannot push/propulse into the next step. 
The Hip in Gait
30 degrees of hip flexion at heel strike

Need 10 degrees of hip extension

Is the femur getting into extension (trail limb posture)?:   Need extension for gait, or you will abuse the body elsewhere.
Only 1 inch excursion of hip in frontal plane:  Side to side walk, waddling, is not good for the hips.  Blocked in the sagittal plane, they will overuse another plane (including the frontal plane)
Hip and shoulder should be “in sync”: Bird dog exercise or dead bug exercise would be good to re-engage the kinetic chain.  A good gait pattern is like a rubber band, where you can load, stretch and unload effectively.   
Where is the Hip Living Statically
Sway Back Posture: Statically in hip extension…They have tight external rotators and decreased hip extension. 
Kyphosis Lordosis Posture: Hips statically in flexion

Posterior Pelvic Tilt
Stiff Hips

Hamstrings Tight and Short

Excessively mobile ???

Butt Griper

Hip Internal Rotation Screen
Tests length of external rotators (including and especially the piriformis)
Should have at least 40 degrees of hip internal rotation (measured/tested from prone position)
One of criteria in Flynn’s study which was a determinant of LBP
Bilateral loss is associated with LBP (Cibulka, 1998)

Unilateral loss was associated with SIJ (Cibulka, 1998)

Piriformis Syndromes does not always show shortened, tight piriformis…There could be lengthened, weak piriformis (Sahrmann, 2002; Kendal, 1992):

Shortened External Rotators Treatment
1. ADJUSTMENT WITH TOGGLE BOARD OR THOMPSON TABLE:  

a. Use the drop function to get a fast stretch of the external rotators, inducing relaxation
b. Patient can be supine with hip in IR dropping through the plan of the femur
c. Patient may be prone with hip IR adjusting through the greater trochanter/femur
2. SEATED CAPSULE AND EXTERNAL ROTATOR STRETCH: 

a. Lengthening of posterior hips and capsule is the goal of the stretch
b. Cross your leg over the other
c. Keep the lordosis in the spine
d. Lean forward with your chest (not your head) and stretch the posterior capsule of the hip.  
e. You can stretch the coronal, frontal or sagittal plane (to make a triplanar stretch)
Piriformis Syndrome
Although the piriformis muscle is commonly considered to be short in this syndrome, symptoms can also be present with excessive length (Kendall, 1993)

More often, the piriformis is lengthened than shortened (Sahrmann, 2002)

Must rule out lumbar spine (McKenzie)

Substituting Hip Extensors
The hamstrings do not insert into the femur (with the exception of one head of the biceps femoris).   The hamstrings were not meant to extend the hip, the glut max was.  We sacrifice mobility for hip control when we use hamstrings instead of glut max.  
Perfect Exercise
Elongates Hamstrings

Induces Nutation of sacrum

Shortens Erector Spinae

Trains Glut Max 
The stretch takes the hamstrings and lengthens them while maintaining nutation (sparing the lumbar spine)

Stretching hamstrings prior to an athletic event (static stretching) will decrease performance.  A better option, may be something to facilitate muscles (PNF). 
Glut Medius
Responsible for frontal plane stability of pelvis

???

Altered Hip Abduction
Hip Flexion during abduction = TFL shortness

External Rotation = ??? 
Failed hip abduction may also fail Trendelenburg.  They can lean away (true Trendelenburg) or lean towards (compensated Trendelenburg).  Perfect glut med function will show when the patient won’t shift weight during the Trendelenburg maneuver.   Most people can stand on one leg, but the key to the test is what strategy they use.  

Single Leg Balance
Stand on one leg, fix gaze on wall in front of them, and do not rest bent knee on test leg
Shoes off!

Normative Data


20-59 years, 29-30 seconds


60-69 years 22.5 seconds


70-79 years 14.2 seconds

Single Leg Balance
Balance deficits have been demonstrated to be related and correlated to LBP and correlated as a predictor of LBP

Trendelenburg Sign
Compensated (lean towards and over the stance leg) vs. Uncompensated (leans away from stance leg)

Both are equally dysfunctional

Squat Test- Failures
1. Increased Knee Valgosity  is a fail:  Increased knee valgosity indicates a loss of frontal plane hip stability. 
2. Excessive Flexibility/Movement of the Spine (Flexion or Extension) is a Fail: Indicating loss of lumbar stability due to decreased hip motion. Ideally, the patient should maintain lumbar extension and lordosis throughout.
3. Heel Rise off the Ground is a Fail = Lack of Ankle Mortise Dorsiflexion
4. Patient Toes Out During Squat Excessively:  May indicate tightness of hip flexors or external rotators
Functional Testing

The glutes control knee valgosity.  You can’t control other factors like notch angle, menstrual cycle, gender, etc.  You can control glut function to provide stability.  
Clam Exercise
Eccentric control is most important part of exercise
Do not let the patient rock their pelvis back

TFL/ITB should be very low tension:  You want posterior glut medius to dominate over the TFL/ITB.  They are synergists, but you want the glut medius to dominate

Tell patient pretend there is string attached to your knee and hip bone and you are trying to shorten the string

Huge Compressive Loads
Psoas gives huge compressive forces to the lumbar spine. Tight hip flexors can create muscular imbalance leading to compression of the lumbar spine.  
Which Hip Flexors are Tight?
Modified Thomas: Psoas, TFL/ITB, Rectus


Find the Big Player and Address it


These 3 muscles are all hip flexors, so screen to find the big player and treat just that to save time

Rectus Femoris
Short and stiff rectus Femoris may be linked with:
Anterior Pelvic Tilt

Abdominal Control Deficiency

They won’t be able to get the foot to but in prone knee flexion (indicating rectus femoris involvement)

Hip Flexor PIR and Stretches
Although this seems easy, this relaxation takes skill and feel (to get good results)

From this position the psoas, rectus femoris, ITB/TFL, and adductors can also be released

Home stretch can be off bed or in the lunge position

Glut Bridging
Squeeze gluts very tightly, then come up to bridge

Hold for 6-8 seconds
Lunging into Function
Primarily works the hip and knee link

Different reaches with UE can get a stubborn patient to accomplish what you want

Eccentrics
Order of ease


Lateral 


Rotational


Forward


Backward

You can lunge from a split stance in multiple directions and locations to emphasize different passive tissues.

KNEE 

Meniscus

Medial meniscus is more commonly affected than the lateral.  Most injuries are to the posterior horn of medial meniscus.
Medial side is more stable (attached to tibial plateau by Sharpey’s Fibers) vs. Lateral meniscus is less stable.  Lateral injuries have a poorer recovery rate with repair.

Meniscus Vascularity
The periphery is the red zone.  Peripheral injuries are candidates for meniscal repairs (where they stitch the edges together).  In the rid-white zone, repair is less common.  The white zone is devoid of blood supply.  A tear in white zone has no ability to heal.  Give about 1 month of conservative care and if after a month with prolonged complications, refer for other management.  
Role of Meniscus
They used to give total menisectomies in the 70’s and 80’s.  We then saw rapid degeneration of the knee in 3-5 years following the surgery.  The role of the meniscus is now better appreciated.  It helps to distribute load.  Load is concentrated to the smaller parts of articular segments (during injury), including stress to the articular cartilage exceeding tissue capacity and leading to fibrillations and cracking.  There is also a wedge effect.  The meniscus in the front prevents anterior translation of femur and posterior translation of tibia.  The posterior meniscus prevents the tibia from going anterior or femur posterior.  Another critical structure to do this is the ACL.  WE do see a lot of ACL injuries with meniscus injuries.  Meniscus injuries can lead to additional translation and may lead to later laxity of the ACL.  

Screw Home Mechanism
Factors guiding Screw Home Rotation: 
1. Shape of medial femoral condyle 
2. Tension in anterior cruciate ligament 
3. Lateral pull of quadriceps
In the last 30 degrees of extension there is external rotation of the tibia. 

In the first 30 degrees of flexion there is internal tibia rotation.  
Screw Home Mechanism: The femoral condyle rotates around the tibial spine.  

Helft’s Test for Screw Home
Knee flexed, patella and tibial tubercle aligned

Knee extended, femur and patella rotate medially

Flexion Kinematics
Migrating axis of rotation
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HIP LAB

MODIFIED THOMAS
4 Things May Be Visualized with the Test:


1. Tight Adductors: Migration of the leg into adduction. Resistance to springing the leg into abduction.  

2. Tight Rectus Femoris: 90 Degree Angle of flexion is normal.  If knee flexion is greater than 90, think Rectus Tightness

3. ITB/TFL Tightness:  May see leg remain in abduction or tibia in ER (external rotation).  May also palpate tension in the ITB with a noticeable crease in the muscle near its insertion. 


4. Psoas: Normally, the hip/femur will be parallel to the table.  In a failure, the femur is off the table (not parallel). 
PRONE FOOT TO BUTT SCREEN – PRONE RECTUS FEMORIS SCREEN
Good audit for rectus femoris tightness
Failure = Foot doesn’t touch the butt easily

Compensation = Excessive lumbar motion.  Excessive lumbar motion chews up the spine and the knee, leading to degeneration. 
TRIPLANAR RECTUS FEMORIS STRETCH
1. Split/Lunge Stance with one leg in front and one behind with the trail leg’s foot on a chair or table (bringing foot to butt – stretching rectus)
2. Pour water out the bucket (Sacral Counternutation – Posterior Pelvic Tilt)

3. Have the patient reach over their head into the coronal plane (10 reps)

4. Have the patient reaching across their body  into the transverse plane (10 reps)
5. Have them flexing and extending (soccer throw) into the sagittal plane (10 reps)

If they can’t get into the position, use the ground with cushion under their knee to limit compressive forces on their knee. 
Anterior knee complaints like chondromalacia patellae or Osgood’s Schlatter’s mashes the patella into the femur. These patients don’t squat very well ,they are knee squatter.  They don’t share the motion between ankle, knee and hip.  

PIR FOR RECTUS FEMORIS AND PSOAS
Can be done in sidelying or from the Modified Thomas position

STANDING PSOAS STRETCH
1. Split Stance/Lunge Stance (Involved Side behind the non-involved side)

2. Pour Water out the bucket (posterior pelvic tilt)

3. Reach in 3 planes as mentioned above (10 reps)

MOBILIZATION OF THE HIP WITH A PSOAS STRETCH

1. Have the patient standing in the psoas stretch position

2. Place your knee between their legs
3. Reach across and grab the ASIS
4. Grab the posterior hip, mobilizing PA with anterior stabilizing force on the ASIS while the patient rocks during the lunge stretch/psoas stretch
TFL/ITB STRETCH/FOAM ROLLER
Foam Roller:

1. 3 Points of Support Are Used

2. Do not have them roll over the trochanter

3. Roll up and down from below the trochanter to the knee

The ITB doesn’t have contractile fibers…It meshes with the TFL, so together they show mechanical advantage.  You can palpate increase tone in the ITB/TFL as well as lack of gluteal tone.  
ANTERIOR HIP CAPSULE MOBILZATION 
1. Patient is prone on the table and shaded to one side. 

2. Place the side closest to the edge of the table with the foot on the floor.  
3. Bend the knee on the table into slight flexion 
4. Stabilize at the ischial tuberosity
5. Mobilize anteriorly with PA LOD.  
6. You may add slight hip IR (internal rotation) or ER (external rotation) to find the barrier and mobilize PA with either IR or ER.  
ADJUSTING THE ANTERIOR HIP CAPSULE
1. Patient is prone on the table

2. Pick their involved leg up
3. Stabilize their foot in your armpit
4. The other hand is over the ischial tuberosity and glut
5. Drop on a toggle board or on Thompson Table to stretch the anterior hip capsule
PRONE HIP IR SCREEN
Notes:

Check for compensation from the lumbar spine for lack of hip motion.  
Piriformis syndrome can be checked with prone hip IR.  
Normal is 40-45 degrees of hip IR
Anteverted Hip = Excessive IR motion (Tibia will flop onto the table)…HAVE DISTAL PROBLEMS (HIP, KNEE, FOOT)…Benefit from Gluteal Stability. 
VS

Retroverted Hip (Lack of IR) = Retroverted Hips (Structural or Functional) have lumbar spine problems (proximal problems). Benefit from lumbar stability. 
1. Structurally Retroverted Hip: Hard end feel/bony block to joint challenge with the screen. Palpate the piriformis and there will be minimal tension
OR

2. Functionally Retroverted Hip = Tight Hip ER (External Rotators) with soft/springy/muscular end feel to joint challenge with the screen 
HIP IR ADJUSTMENT/MOBILIZATION
1. Load the Hip into IR

2. Bring the hip and knee into flexion
3. Stabilize at the knee and at the iliac crest
4. Thrust into a toggle board or drop piece of a Thompson Table
5. Instead of thrusting, you may mobilize with A-P force to stress the post capsule and stretch the hip ER    
Why is the Piriformis Tight?

Tight ER rotators may be a secondary stability mechanism for the low back.  This compensation is poor.  
Treatment Approaches for the Hip ER/Lack of Hip IR

1. Start with a PIR and get rid of the global neurological problems

2. Move to aggressive soft tissue release with ART or Graston for isolated adhesion of the hip ER (lack of hip IR)

3. Add in mobilization or adjustment if needed  
SEATED POSTERIOR HIP CAPSULE STRETCH 
1. Sit up in figure 4 position

2. Keep the Lordosis of your spine

3. Lead with your chest into slight flexion, not your head

4. Hold 10-30 seconds

5. Repeat Several Times
LECTURE – KNEE MECHANICS
 Flexion Mechanics
Meniscus: Attached to the tibia; therefore, it MOVES POSTERIORLY WITH FLEXION 
Collateral: LCL lax, Anterior MCL Taut
Cruciates:  PCL taut, antero-medial band of ACL taught
Extension Mechanics

Menisci moves anterior

Postero-lateral band of ACL taught, PCL also taught in full extension???

External Rotation
The meniscus on medial side goes IR (relatively speaking). The meniscus is drawn into the center of the knee.  It is pulled between femur and tibia. ER the medial meniscus (post horn) gets greater stress as well. 

Internal Rotation
IR works the posterior horn of lateral meniscus and anterior horn of medial meniscus

The meniscus follows the femur

Mcmurray’s Test & Apley’s Compression
McMurray’s test = Heel points to stressed/tested side

Medial meniscus is stressed with ER

Lateral Meniscus is stress with IR
Apley’s compression = Heel points towards the meniscus that you test

IR stresses the lateral side/lateral meniscus
ER stresses the medial side/medial meniscus
Patella & It’s Mechanics
Depending on the amount of flexion, different areas are loaded:

1. Superior Pole/Superior Fat Pad Pain  = Full deep knee flexion there is loading off the patella onto the superior fat pad. 
2. Retro patellar Pain = Provoked with squatting (ascent-descent) when extensor mechanism is engaged.  
Quad and rectus tightness exacerbates a patellar issue.  

Patellar Grind Test Notes 

The test is typically performed at 0 degrees, but should be performed at multiple angles from 0 to 90 degrees (mimicking the ascent and descent).   At 0 degrees you don’t load much of the patella.  Increasing amounts of flexion, means less mobility to the patella.  You should test at different knee flexion degrees for grinding or roughness.  

Injury Assessment
Cruciates

Collaterals
Menisci
Patellofemoral

Patient History
Clicking or popping during injury?

Distinct pop – usually ACL tear or osteochondral fragment = Whenever there is a pop, think ligamentous first and then osteochondral fragment second.  
Did injury occur during acceleration, deceleration or moving at constant speed? 

Acceleration and twisting is usually meniscus injury.  
Deceleration or constant speed injuries more cruciates (ACL). 

Is there any pain? If so where?  What type is it?  Is it diffuse?  Aching? Retro patellar?


1. Aching =  Degenerative

2. Sharp, Catching pain = Mechanical 

3. Arthritic pain = Stiff in morning and eases with activity 

4. Pain at rest = Usually not mechanical 

5. Pain during Activity  = Structural abnormalities like subluxation or patellar tracking


6. Pain after activity = Characteristic of inflammatory disorder (plica or early tendonitis) 

7. Generalized pain in the area of knee = Contusions or partial muscle/ligamentous tears

Does the knee give way?

Usually indicates instability in the knee, meniscus pathology, patellar subluxation (if present when rotation or stopping is involved), OCD, patellofemoral syndrome, plica, or loose body

Has the knee ever locked?


True locking is rare.  Loose bodies (cartilage fragment or meniscus fragment) may cause recurrent locking.
Locking must be differentiated from catching, which is momentary locking or giving away as a result of reflex inhibition or pain.


Locking of the knee usually means the knee cannot fully extend/flex, and is related to meniscus pathology


Hamstring spasm may also limit extension and is referred to as spasm locking

ACL & Injuries
The ACL is the primary restraint to anterior tibial translation.

The ACL is a secondary restraint limiting internal tibial rotation

Tighter in full extension and looser in med-flexion.  Some fibers are always tight during motion
Uncoils from PCL with external tibial rotation

Pulls femur anteriorly while the condyle rolls posteriorly during flexion

Without the ACL, the posterior meniscus is under increased stress due to “wedge effect”

Hamstrings are secondary restraint in ACL deficient knee, so patient presents with tight hamstrings

YOU SHOULDN’T STRETCH THE HAMSTRINGS IN AN ACL DEFICINT KNEE, BECAUSE THE HAMSTRINGS ARE GENERATING ARTIFICIAL STABILITY.  Taking away the artificial stability would put the patient at further risk for injury. 
ACL Tears:  How big is the problem?
An estimated 100,000 ACL tears occur annually (1/3000)

1 ACL tear per 1,000 High School Athletes

1 tear per 100 college athletes

Usually requires surgery and can take up to 9 months to return to sport

Approximately 50,000 ACL reconstructions are done each year with an estimated total cost of $850,000,000

Injury Mechanisms
Half of tears are associated with significant meniscus tear

70% of ACL tears are non-contact

Non-Contact:  Deceleration-valgus-tibial rotation supplies the mechanism of injury
Mechanisms:

1. Hyperextension: Guillotine Effect (Tibial tunnel shears the ACL)

2. Large Valgus Force

3. Combination of two (hyperextension and valgus force with axial rotation): Uncontrolled knee IR with valgus

Hyperextension

In acute injury, check the vasculature structures.  

Non Contact (Valgus with Tibial Rotation)

Lack of glut max and glut med function is a big player. Glut max control rates impacts IR and valgus forces going through the knee.  Poor function allows a valgus force to knee with lack of control of IR.  Gluts attach to gluteal tuberosity, but they function eccentrically to control IR.  Screening someone with 1 legged squat will show vulnerability.  

Symptoms and Signs
Audible pop and acute hemarthrosis within a few hours

If capsule is torn blood may seep into the extra-articular soft tissues
Walk with painful limp

If the ACL injury is isolated, varus, valgus and PCL testing will be –

Pain is often postero-lateral = Pain posterolaterally is linked with avulsion of the ligament. 
Assessment
Lachman’s:  Most sensitive test and may be better than MRI in a trained individual.  You can be very accurate with this test. This test is best performed in 30 degrees of flexion.  With a + test, there will be a soft end feel with increased translation.   
Pivot-Shift:  When it is +, you clearly have a tear.  You look for a drop off when loading posterior
Anterior Drawer:  With the knee at 90 degrees the knee won’t translate and the hamstrings are a player making the sensitivity a lot lower

*** http://sportsdoc.umn.edu for video of knee ortho tests ***
Treatment
Non-operative:  The ACL does not reliable heal well on its own.  Although this is true, about 1/3 of all patients will do well without surgery.

Operative Treatment Options 
Autograft: BPB (Bone patellar Bone graft) = They take a portion of the patellar ligament.  This patient may have problems kneeling in the future.  
Autograft with hamstring:  Gracilis or semimebranosus are used.  The tissue taken for the “new ACL” may regenerate with time.  The hamstring tendon is often a very secure “new ACL.”
Cadaver:  They graft the ACL from a cadaver into your knee.  

A lot of rehab after the fact is needed for ACL rehabilitation. 
Women are More Susceptible
7-8x more likely in females

Reasons:


1. Wider Pelvis (increased Q angle)


2. Hormones (decreased stiffness)

3. Hamstrings/Quad ratio (females 47% and males 67%): Females use their quads more than hamstrings.  Quad over activity is a major problem in females. Quad contraction pulls the tibia anterior, creating more force that the ACL must limit.  Women may benefit from structured gluteal training programs along with neuromuscular training to select the glutes first, hamstring seconds and quad last.   
4. Smaller ACL size

5. Smaller Femoral notch

6. Poor Jumping Mechanics and Technique



More Valgus Landing



More Upright Posture



Decreased Shock Absorption
Sports Metrics
This is a program created by famed orthopedic surgeon, Frank Noyes to train young athletes to jump, land and dissipate force
Exercise Program that does the following is required for ACL Prevention:


Dynamic warm up


Plyometric Training


Strength


Flexibility/Agility

Sports Metrics Is the Only Research Proven Program to Reduce Incidence of Injury:

Shown to decrease injury by 3-4 fold


Improves vertical jump to 4 inches


Improves jumping technique


Improves strength and stability

PCL INJURY
MOST COMMON MECHANISM FOR PCL INJURY IS HYPERFLEXION OF THE KNEE with the FOOT IN PLANTARFLEXION
Another way the PCL is injured is the “dashboard injury” 
Most injuries are related to other serious knee ligamentous injuries

Usually you do not have a “giving” way sensation or instability like the ACL

Isolated ruptures of the PCL generally do not cause function instability and are best managed non-operatively

When instability is present with a PCL tear, there is also injury to the PCL and/or other ligamentous structures

Not as good of operative success as the ACL

Typically the foot is plantar flexed, and the knee is flexed (sometimes touching the ground)

PCL Tear Signs and Symptoms
More stable than ACL tear

May not require surgery
Testing
+ Sag Sign, Posterior Drawer (not always), Quad Active Test

Must rule out:  Postero-lateral Corner injures with PCL injury dye to poorer prognosis

Sag Sing
90/90 position and look at tibial tuberosity:

+ Sag Sign = Tibial tuberosity is more posterior when compared to the other side (good indicator PCL tear is present) +

Posterior Drawer
Graded on 1-3 or 1-5 scale.
Quad Active Test

Pt activates quad and if knee rests posterior, it will cause shift or movement in the knee.  

Get a reference before the test

You may need to check PCL first, before checking ACL in knee ortho testing
(Check uninvolved side first, before involved side)

Varus at 30
Check for gaping of the joint
Palpate over the joint while performing the test

Postero-lateral Drawer
Use the drawer for rotational instability

Reverse Pivot Shift
There is a stutter and drop off with the reverse pivot shift test (Pivot shift is for ACL and Reverse Shift is for PCL)
Medial Collateral Ligament
Most commonly injured ligament about the knee

Occurs with some degree of knee flexion (the collaterals resist ER of the knee and cruciates resist IR of the knee)

MCL injury occurs by indirect abduction or rotational stresses that are common in many sports requiring cutting or pivoting

MCL Tear Grading
Pathologic laxity grading according to amount of joint opening that occurs with displacing forces as 0 = normal, 1 (1-4 mm), 2 (5-9mm), 3 (10-15 mm)

Abnormal motion or pathologic laxity exists only with sever sprains, which have ecchymosis and swelling

Hughston found that 50% athletes with grade 3 injuries could walk into the office unaided by external support.  In actuality, some grade 1 and 2 sprains are more painful

Grade 3 generally require a direct blow to the lateral knee

Found concomitant ligament injuries (other ligament involvement) in 20% of grade 1, 52% of Grade 2 and 78% of grade 3 MCL tears

ACL ruptured is 95% of patients with grade 3 pathologic medial laxity

Even with a complete medial disruption, there will be no abduction instability with the knee in full extension???

Lateral Collateral
Injuries to the lateral structure of knee are considered rare, especially isolated LCL injury

Compared to the medial structures, the lateral structures are stronger 
Varus testing at 30 

Monitor joint line and appreciate amount of gapping 0 = normal, 1-5 mm = grade 1, 5-9mm = Grade 2, 10+ = Grade 3

Meniscal Injuries
Statistics show that about 61 of 100,000 get an acute tear of the meniscus

Sixty percent of population over the age of 65 probably has some sort of degenerative tear of the meniscus

Compression and rotation is the mechanism of injury…Most are medial meniscus tears/injuries 
Meniscal Tears Signs and Symptoms
Medial meniscus injuries are due to load bearing, but lateral injuries have more problems (mobility)

Usually, pain, swelling, giving away and locking

Pain at extremes knee extension = Affects the Anterior Horn
Pain at the extremes of knee flexion = Affects the Posterior Horn
Usually have joint line tenderness and clicking

Swelling happens about 24 hours later

Difficulty with squatting, which indicates medial posterior horn tear

Difficulty squatting:  
Meniscal injuries = Pain at bottom of squat…The patient may also shift away from the side of injury. 
VS.

Retropatellar Injuries = During both ascent and descent phase. 
Pain during sleeping, especially when sleeping on the involved side and with knees touching.  

*** 2 Causes of Shifting side to side during squatting are: 1). Meniscal Injury 2). Lack of Dorsiflexion ***   
Physical Exam of Meniscal Injuries
Often difficult to DDx from chondral lesion

Tests:

1. Joint line tenderness (Most sensitive)

2. Steinman’s:  A tenderness test. Understand the mechanics of the joint.  Flex and extend the k nee with your hand over the area of chief complaint.  Increased pain with extension and decreased pain with flexion may occur. The tissue that moves is the meniscus (retreat and move forward).  As you extend, the meniscus moves anteriorly and then retreats with flexion. Flexion provokes the posterior meniscus and extension the anterior meniscus.  If pain is the same between flexion and extension, there can be a capsular issue.  


3. Squat/Duck Walk: Compression and tibial rotation may be painful.

4. McMurray’s:  


5. Apley’s Compression:  


6. Springy Block in passive terminal extension or flexion
7. Varus or Valgus Painful: A meniscus is challenged with compression and loading. Moving the knee into compression along with varus or valgus may provoke a meniscus and lead to pain with the test. 
Meniscal Mechanics

1. Meniscus moves posteriorly with flexion. 
2. Meniscus moves anteriorly with extension

3. ER of the tibia challenges the medial meniscus

4. IR of the tibia challenges the lateral meniscus

5. Varus force challenges the medial meniscus as well as the lateral collateral ligament. 

6. Valgus force challenges the lateral meniscus as well as the medial collateral ligament.  

Mechanics of McMurray’s Test

1. LATERAL MENISCUS = IR WITH VALGUS LOAD CHALLENGES the lateral meniscus

VS.

2. MEDIAL MENISCUS = ER WITH VARUS LOAD CHALLENGES the medial meniscus 
*** WILL BE ON TE EXAM…DIFFERENTIATING MENISCUS FROM COLLATERAL INJURES ***

Meniscus Tears
Bucket Handle tears may show true locking

McMurray Test
Palpate Joint Line

Lateral Meniscus: Internally rotate with valgus stress 
Medial Meniscus: Externally rotate with varus stress 

Treatments
When determining the treatment for a meniscal tear, the orthopedic surgeon will consider:


The patient’s activity level


Patient’s age


Location of tear and type of tear


Any other injuries

Non Operative Care

Small meniscal tears will heal without surgical treatment.  Also, some tears may have no symptoms, while others may show symptoms disappearing with time. 

Partial tears, degenerative tears, and stable tears may be observed for 2-3 months

Chondral Injury
Although symptoms may not appear until later in life, articular cartilage problems are very common

Painful OA develops when this smooth, gliding surface on the end of the bone has lost its cushioning, deformity develops, and bone rubs on bone

Damage may occur as a result of sudden injury or wear and tear over many years

Symptomatic knee OA occurs in approximately 10% of persons older than 65 and may affect up to 2% of adult population

Signs and Symptoms of Chondral Injury
Articular cartilage injury or chondral injury may occur as a result of a pivot or twist on a bent knee, similar to the motion that can cause a meniscus tear

Damage may also be the result of a direct blow to the knee
Chondral injuries may accompany an injury to a ligament, such as the anterior cruciate ligament

Small pieces of the articular cartilage can actually break off and float around in the knee as loose bodies, causing locking, catching and/or swelling

More often, there is no clear history of a single injury. The patient’s condition may in fact, result from a series of minor injuries that have occurred over time
Often, physical signs and symptoms are similar to those of meniscal tears

History, Direct Palpation, Thigh circumference (1cm difference significant), and imaging are the best ways to diagnose chondral injuries
Measurement of circumference should be from the joint line, not the patella. Joint line is stationary vs. the patella, which is mobile. 
Treatment of Chondral Injuries
A. Non-operatively:  
1. Decrease loading to the knee

2. Weight loss 

i. Especially in women = Increased Weight has been shown to increase knee OA risk 

ii.  A weight reduction of 11 lbs over 10 years has been shown to decrease the risk of symptomatic knee OA in women by more than 50%

3. Exercises to strengthen the muscles around the joint

4. Shock absorbers in shoes 
5. Changes in physical activity

6. Glucosamine chondroitin supplements

7. Viscosupplementation (injections of hyaluronic acid to improve joint lubrication and reduce friction –  Synvisc) --- Expensive Treatment

B. Operative: 


1. Smoothing the rough area of the defect with a shaving technique

2. Factors that influence procedure selection:



Size of defect



Location of defect in the knee



Age and weigh to the patient



Future goals and activity level

3. Microfractures: Fracture the sub-chondral bone until it bleeds.  The blood settles in the depressions and forms a scar cap filling the voids.  The procedure may lead to putting off joint replacement surgery.


4. Replacement: Can be later in life with excessive wear from the OCD
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Lachman’s Test - ACL
the most sensitive orthopedic test.  
The sensitivity for a good practitioner exceeds that of the MRI.  
Normal = Definite, firm end-point

Failure = Non-specific end range or soft end feel
Procedure:

1. Flex the knee to 30 degrees

2. Inferior hand translates anteriorly and sup hand stabilizes.  
3. Start on the un-involved side to appreciate the normal and compare to the involved side.  
4. Another tidbit is to use the table to your advantage with the leg over the edge of the table translating anteriorly on the tibia.

Active Lachman’s
For hamstring spasm (acute tear or chronic compensation):

1. Weave your hand under and grab the other side femur.  
2. Hold the distal tibia and have the patient try to actively extend the knee.  
3. In a tear, you would see tibial advancement…Normally the tibia shouldn’t advance.  
You take advantage of reciprocal inhibition, by activating the quads it shuts down the hamstrings.  The quad contraction would then anteriorly glide the tibia.  

ACL vs. PCL 

ACL checks should be preceded by PCL tear checks.  
The tibial plateaus should be about 1 cm anterior to the femoral condyles.  If it drops back, it would indicate a tear.  Tears are graded 1-3.  

If the tibia is posterior (as occurs during a PCL tear), translation anterior during the Lachman’s test would show movement to get back to the starting point along with a soft end feel.  It would appear that there is excessive translation due to the posterior starting point to begin the Lachman’s maneuver.  The posterior draw must then be done to check whether the PCL is actually involved, or whether some other problem (ACL) is involved as well.  The posterior drawer can be done at 90 degrees to check.  
McMurray’s
Swelling is typically in the history for an ACL tear. There will be general swelling that occurs within the first 4 hours for ACL tear.  The meniscal tear will have latent swelling (swelling often in excess of 24 hours).  T 

The most sensitive meniscus test is joint line tenderness
Medial Meniscus

1. Place them into varus to load the medial meniscus. 

2. ER the tibia loads the medial meniscus, trapping the posterior horn. 

3. Flexion, ER, palpate the joint line, create varus force (push from medial to lateral) then ER and load outwards.  

Lateral Meniscus

1. IR of the tibia loads the lateral meniscus.  
2. Valgus stress also loads the lateral meniscus. 
3. Flexion, IR, add valgus load and go into extension to test the lateral side.  
Flexion loads the posterior horns.  Extension loads the anterior horns.  Most tears are in the posterior horns.  The medial meniscus, post horn is the most common location for a tear. 
You are looking for creating joint line pain.  Collaterals and the joint capsule don’t shift with movement vs. the meniscus, which is a tissue that moves with flexion and extension.  Steinman’s tenderness test (if the pain is the same with motion, then it is probably not meniscus and is either capsular or collateral injury).  Migrating pain with motion indicates meniscus, particularly with Steinman’s test. 
Medial Meniscus Tear without injury
Knee problems that are atraumatic is usually due to weakness of hip musculature or a foot problem with hyper-pronation.  Knee should be able to do a 6-8 inch step down without moving around. Old ankle injuries that are not properly rehabbed can cause medial meniscus problems. 

*** A good trial of care is 2 times a week for 3 weeks. 3 weeks is a good time frame and you are covered legally *** 
Failure of Step-Down Screen
Excess valgus
Heel comes up

Is this a foot/ankle or hip problem? – This is a key question to ask! 

Algorithm -- Is the knee problem because of the foot/ankle or the hip?

Hip: If hip the next test, is modified Thomas.  On the failure example, this person had rectus, iliopsoas and ITB/TFL.  On the failure, neurologically inhibited is the glut medius (post part).  Your treatment would be to relax the ITB/TFL and activate the gluteus medius.  

Ankle: The foot starts to roll in and out, there is also knee valgosity. The heel may also rise.   The foot wants to flare to start the single leg squat. 

You can throw your arm across to stimulate the foot movement or lunge and reach.  
LECTURE - KNEE
The best treatment for a torn ACL is prevention.  

Current Treatment
Does adjusting the Knee, TMJ or Shoulder make sense? 
Orthotics?  If you put a patient in an orthotic with knee pain that you are assuming that over pronation of the foot is causing the pain, but this may not be the case. 
What are your criteria for orthotics? – Orthotic Issues  
Many times you can fix a problem, yet create others with orthotics

With time, people may not need the orthotic – Yet you haven’t assessed the patient to come to this conclusion.
The patient may get addicted to the orthotic even though the orthotic may not be helping anymore

Orthotic Fitting Suggestions

Video tape the patient’s gait

Send the castings to the orthotic maker

Pedograph may be needed

Use your functional screens

Make a clinical decision together with the orthotic maker whether the orthotic is needed

 Pick someone that understands the kinetic chain and values function 
Obesity and OA of the Knee
Weight reduction of 5 kg over a year period decreased risk for symptomatic OA by 50% in women

*** Fleson, DT Weight loss reduces the risk for symptomatic knee OA in women.  Annals Internal Medicine, 1992, April 1: 116 (7) ***

Knee Joint
Not a pure hinge joint

Internal rotation of the tibia is necessary for knee flexion, external rotation necessary for extension (Screw Home)
Minus the direct blow to the knee, look up or down stream for the cause of the pain

Orthopedic tests are reliable here!

The knee may remain in the varus position during and after the rehab because of therapist instruction.  The therapist may say to the patient stay away from the valgus position, because they may believe that valgus is the cause of the injury and loading into valgus can lead to the re-injury.  The key is whether the valgus is excessive and uncontrolled.  In sports, you do need to be able to tolerate the valgus position with control and stability.

Frontal Plane Loading
Excessive Frontal Plane Deviation


Excessive Genu Valgum: Due to faulty foot or hip mechanics

Excessive Genu Varum: Linked with OA
Genu Varum
Compress medial compartment of knee

Decrease medial joint space which makes problem even worse

Can be precursor to OA

Associated with Coxa Valga

Genu Valgum
Compression of the lateral compartment

Straining of the MCL

Excessive pronation of the foot, dropped medial arch, internal rotation of the tibia

Coxa Vara

Some Valgosity is a Good Thing
You need some valgosity to function

To walk, you would need huge trochanteric shift to walk without knee valgosity. The key is control of valgosity. 
Posterior Muscles Affecting the Knee
Semimebranosus and Semitendinosus extend and rotate the hip medially as well as flex and rotate the knee medially

Prone Knee to butt test is a great way to assess the rectus femoris…If the foot doesn’t touch the butt, it shows rectus tightness.  Rectus tightness will chew up the knee. 

ITB/TFL and rectus femoris screens give good info for patello-femoral issues, Osgood Schlatter’s, Chondromalacia patella

These muscles can become shorter or stiffer than its synergist the Biceps Femoris

The semimebranosus attaches to the medial meniscus.  A tight muscle that anchors into the moveable structure (meniscus) can lead to injury.  Atraumatic meniscal tear, investigate the semimembranosus muscle.

The popliteus inserts into the lateral meniscus.  It can influence lateral meniscal function.  

Hamstring Insertional Tendonitis - Michaud
Hyper-pronation of the foot or internal torsion of the hip and femur can stress the insertion of the semimembranosus at the knee

Very common in long-distance runners 

Steering the Tibia
The medial and lateral hamstring muscles steer the tibia and lower leg like a kite

These imbalance can feed Genu Varum and ???

Tibial Rotation & its effect on the Patellar Tendon

Torsion can occur due excessive internal or external rotation

Anteverted hips can lead to patello-femoral issues….For anteverted hips they need great glut control.  We can’t change structure, but we can change function. 
Popliteus Muscle – “Key to the Knee”
Internal rotator and flexor of he knee joint

As the extended and locked knee prepares to flex (squatting) the popliteus provides an internal rotation toque that helps mechanically unlock the knee

By attaching to the lateral meniscus, the popliteus can stabilize this structure during flexion-rotation movements

OA of the Knee
Women greater than Men

25-30% of people between 45-64 have detectable OA (X-ray) although many asymptomatic
Joint Stiffness:  You won’t be able to adjust this away.  This is a harder, bony end feel
Crepitus: Flex the knee (particularly in females) and you’ll hear popping…The prone knee to butt check would then be the best test to confirm why popping is present (tracking issues due to tight rectus femoris)
Pain with flexion or loading: Squatting is painful…They may squat away from arthritic knee to perform the squat.  
Effusion

OA X-ray
Journal of Bone and Joint Surgery – 1988

May be done in standing position with slight squat/knee bend (45 degree squat) and 10 degree angle of tilt
Who is At Risk
Previous knee injuries

High BMI at age of ???
Heavy work of involving kneeling or squatting

Past surgery to the knee

Soccer Players

Proprioception and OA
Middle aged and elderly persons with advanced knee arthritis were significantly less sensitive

Decreased proprioception due to OA or vice versa???


Treatment of OA
Restoration of Joint Play

Increase ROM, flexibility (especially hamstrings)
Maybe swimming and cycling early on
Closed kinetic chain strengthening of quads and hamstrings (co-contraction)

Ice

Acupuncture:  Good research is OA of the knee and acupuncture.  These patients will respond to this treatment.  
ITB Friction Syndrome
12% of all overuse running injuries

Lateral Knee Pain

Running Faster improves symptoms

Going Down Stairs

Ober, Noble Compression (+)

Weak Gluteus

There can be confusion, because the misconception is that snapping/clicking is a lateral meniscus tear when in fact is the ITB tendon.  

The question is why is there ITB tension?  Palpate the ITB and then palpate the gluteus medius. The glut medius will have minimal tone and the ITB has too much tone.  

ITB Fascitis
Very common cause of lateral knee and leg pain

Never without TFL tightening due to anatomical connection

Goal:  Have pt activate G-Med without firing TFL/ITB
Foam Roll Treatment: Do not have them roll over their trochanter with the foam roll.  

G-Med Exercises: Teach them to activate weak muscles.  They need to activate stabilizing muscles.  
Soft Tissue Release Techniques: The soft tissue techniques are good, except they need to be in conjunction with rehab.

ITB Research – Hip Abduction Strength
4 long distance runners with ITBS had diminished hip abduction strength in the affected leg compared to the unaffected leg and runners without ITBS

After 6 weeks of hip adbuctor strengthening, 22 of 24 runners were pain free and returned to running

*** Frederickson Et al. Clinical Journal of Sports Medicine, 2000 ***
Be careful of teaching the patient to be a better compensator for their problem.  

SIJ and the ITB
Mennell relates a taught ITB as a cause of posterior SIJ restriction.  The SIJ restriction will not clear up until the band is released.  The sensitive fibrotic deposits will cause generalized ache in the thigh (Menell, 1960)

Through the connection of the TFL, the ITB can have a direct influence on pelvic mechanics

How do you know that a muscle is involved in the subluxation complex?  The answer is when the same subluxation comes back each time they come in for treatment.  You are missing the influence of the muscle on the listing.    

Why is ITB Tight?
The glut max does insert into the ITB, but it is never the cause of the ITB problem.  The cause is the TFL.

The ITB inserts into Gerdy’s tubercle.  Gerdy’s tubercle shows up/protrudes when tight, just like the tibial tuberosity with Osgood’s Schlatter’s/Patellar Tendonitis.  

Patellofemoral Pain
Greater than 25% incidence in athletes

Females greater than males

Worse with Hills
Runner’s Knee, Movie Goer’s Knee, Jumper’s Knee

Classic “Crane” Knee
The purpose of a knee cap is to give us a biomechanical advantage. .  

Patellofemoral Pain

More PF stress with increased flexion

Added load increases stress

Often, these patients become quad squatters vs. glut squatters this overtime wears the patellofemoral joint
Bend your knees?  -- Actually begin your squat with butt back first, lumbar spine in extension and then going down use your hips and knees combined.  
Train with a box squat as a target.  The cue is get your butt back.  The butt back strategy spares the knees and spine.

Chondromalacia Patella
The result of PF problems not addressed

Retropatellar pain and crepitus, especially while squatting or climbing stairs or after sitting for long period of time

Can be very painful, but often just annoying

Patellar Tendonitis (Jumper’s Knee)

Traction overuse syndrome of the quadriceps/patellar tendon

Inferior pole of patella is most common site

Usually not self-limiting

Patellofemoral Pain – Traditional Risk Factors
Misalignment


Increased Q Angle


Femoral Neck Anteversion

Quad muscle weakness or imbalance: VMO

Muscle Tightness: ITB, Hamstring, Quad, Gastroc

Example Exercises to Train the Glutes
#1. Therband around the knee, have the patient maintain hip ER and have them bridge

#2. Theraband around the knee, have them maintain the bridge and then ER-IR the hip against resistance

New Patellofemoral Research – Hip Strength
PFP patients compared with asymptomatic controls


26% less hip abductor strength


36% less hip external rotator strength

*** Ireland ML, Wison, JD, Ballantyne, BT, Davis, IM. Hip Strength in females with and without patellofemoral pain. Journal orthopedic Sports Physical Therapy. 2003. Nov ***

PFPS and Pronation
Excessive pronation affects patellofemoral function

Causes excessive internal rotation on the tibia

PFS Dysfunction
In the past, treatment has been to try to change the position of the train (patella), could it be the track (femur-tibia) that is mis-aligned?

Chris Powers, USC Biomechanics Lab

Pes Anserine Bursitis
2 Inches below medial joint line (not knee pain)

Gracilis, Sartorius, Semitendinosus

Larson and Baum found most of their cases in 50-80 year olds (especially obese women)

Better with motion, worse @ night

Etiologies:


Overtraining


Shortened medial hamstrings

Can get better with soft tissue care alone.  Pes anserine bursitis may also improve with corticosteroid injections in an acute care situation.  
ANKLE
Inversion Sprains
Sprain of the lateral ankle ligaments is the most common injury seen by healthcare providers who treat sports injuries to the lower extremity

Ankle injuries constitute 25% of all sports-related injuries including 21% to 53% of basketball injuries and 17% to 29% of all soccer injuries

Clinically, the most commonly sprained ankle ligament is the ATFL, followed by the CFL.  The PTFL is rarely injured. 

The strength of the ankle ligaments from weakest to strongest is the ATFL, PTFL, CFL, and the deltoid ligament.  

Lateral sprains occur due to landing on a plantar flexed and inverted foot. 
In a grade 3 injury, the history includes a popping or snapping.  Testing for grade 3, you want to check the talar tilt (talar tilt test).  With a grade 3 imaging, you want an MRI.  MRI can confirm if the other ligaments are intact.  If there is an isolated Grade 3 tear of 1 ligament, the surgery is the same as the non-surgical results.  One of the most common complications of surgery is too much post-surgical stiffness.  The residual deficit is lack of dorsiflexion and calcaneal eversion.  Calcaneal eversion is a dampening mechanism to avoid shock.

Eversion Sprains

Eversion sprains are not common.  When they do occur, they require a lot of force.  Check for fracture when eversion is the mechanism of injury.   

Inversion Sprains
Posterior Right Innominate

Sacrum rotated on a oblique axis

Femur rotated internally

Anterior medial glide of the tibia

External rotation of the tibia

Talus postero-lateral glide 
Supination & inversion of the ankle

Cuboid plantar glides and plantar surface rotates laterally

Navicular plantar glide and plantar surface rotates medially

Treatment Tidbit for Ankle Sprain
Aggressive early mobilization/manipulation for grade 1-2 sprains can help decrease pain and get the patient to early functional rehab

Ankle Instability Testing
Suction Sign:  Observation during anterior drawer of a sulcus/suction sign. 

Anterior Drawer; The most important test for the ankle stability.  Stabilize the distal tib-fib, grab the calcaneus and perform the drawer.  A dimple in the anterior fibula indicates a sulcus/suction sign and grade 3 tear.  No definite end-point or check to translation indicates a tear of the ligament (possibly grade 3).  Order an MRI to check for additional ligament injury with a Grade 3 tear.  Grade 1-2 sprains prefer mobilization (MICE…Mobilize, Ice, Compress, Elevate)…Grade 3 sprains preferential treatment is PRICE (Protect, Rest, Ice Elevation).

Inversion Stress: Also called calcaneal rock.  Feel for the CF ligament, because it is under greatest tension with the test

Talar Dome issues may occur with chronic injuries.  

West Point Grading System
The time to return to sporting activities averages:


11 days for grade 1 sprains


2 to 6 weeks for grade 2 sprains


4 to 26 weeks for grade 3 sprains

Grade 1: ATFL Tenderness, Slight-local edema/ecchymosis, full or partial weight bearing, stretched ligament, no instability
Grade 2: ATFL & CFL, Moderate local edema/ecchymosis, Weight bearing is difficult without crutches, Partial tear – ligament damage, no to slight instability

Grade 3: ATFL, CFL, PTFL ???

*** Brace Recommendation:  Don Joy Velocity ES ***

Ankle Treatment
Open Basket Weave: May help provide compression
Manipulation:  Tib/Fib, Mortise LAE (watch out for CF ligament), Subtalar Eversion (Activator is a great tool to use for acute ankle sprains)
Soft Tissue Treatment:

High Ankle Sprain
Syndesmosis sprains range from 1-11% of all ankle sprains, with the higher rate of injury occurring in contact sports
This injury, unlike the lateral sprain has little swelling and lacks recurrence

Patients typically have tenderness over the anterior inferior tibiofibular ligament and proximal ???
High Ankle Testing

Squeeze Test:  Squeeze mid-shaft of the tibia and fibula to flare the area out and reproduce pain

External Rotation Stress:  Put them into the position and have them resist the external rotation movement
If a serious ligament tear is suspected, external rotation stress radiographs should be obtained. More than 5 mm of widening of the tibio-fibular space indicates a complete rupture

High Ankle Treatment
Delayed healing of syndesmosis sprains is typical, with recovery time of 55 days as compared with 35 days for a grade 3 lateral sprain.

Treatment should involve non-weight bearing with advancement to a walking boot when indicated

Ottawa Radiographic Criteria
The decision to obtain post injury radiographs is based on the Ottawa ankle rules
These guidelines state than an ankle radiographic series (AP, Oblique and lateral views) should be obtained if:


The rules are based on the patient’s ability to walk four steps immediately after the injury


Localized tenderness at specific sties:



Posterior???
4 Steps Test: If they cannot walk more than 4 steps with pain in the correct location (over a ligament), it indicates high likelihood for fracture.  
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FOOT AND ANKLE - LAB
People may lack dorsiflexion at the mortise
A good way of determining lack of mortise dorsiflexion =  Early Heel Off and/OR Foot Flare.  

FOOT FLARE, EXCESSIVE PRONATION THROUGH THE MID TARSALS, EARLY HEEL OFF ARE COMPENSATIONS FOR LACK OF DORSIFLEXION. 
The 6 or 8 inch step down confirms your palpatory findings of decreased dorsiflexion

The step down can be used as an initial screen and as a way to check patient progress. 
Implications of the Step Down Screen Failure

With an athlete, pain may go away.  The athlete may think that they are fine to return to sports, but if they cannot demonstrate control during the single leg squat (especially dorsiflexion) then they aren’t ready.  The screen can be used for Return to Play criteria in an athlete.  
knee)

Important Ankle Tidbits

BEST ANKLE TEST FOR STABILITY = ANTERIOR DRAWER

MOST COMMON LIGAMENT INJURIED = ATFL 
Step Down Screen
For athletic function: Use an 8 inch step down

For everyday function: Use a 6 inch step down
The compensation for lack of dorsiflexion = Increased/Excessive/Uncontrolled Valgus
Test Criteria:


Foot forward = FOOT FLARE IS A FAILURE

Keep the heel down  = HEEL RISE IS A FAILURE

Keep the knee in line with the toes = VALGOSITY IS A FAILURE

Touch the opposite heel to the ground = CANNOT PERFORM HEEL TOUCH IS A FAILURE
If they can’t dorsiflex, and they fail the screen they would be at risk for chronicity.  

What blocks dorsiflexion?  

1. Structural: Palpate the joint for articular restriction
VS
2. Functional: Gastroc-Soleus…To screen the gastroc-soleus keep the knee straight, and you want the foot to dorsiflex to a 90 degree angle with the tibia. 
Treatment
Structural/Articular: Adjustments to the foot ankle joint

Functional/Articular: Soft tissue work to the soleus or gastroc
Squat Test/Screen
Example: This patient does not squat well.  Adding a book or object underneath their feet/heels will improve dorsiflexion and therefore the patient’s squat. 
Toggle Board Adjustment
Put your leg under the foot, one hand on tibia and one hand on distal talus

Challenge with headword hand straight down to the floor..

Body lean into the joint to challenge

The adjustment could be a body drop down into the joint with a Thompson Table or adjusting into the toggle board

Gait Example

Flaring of the hip is present = Cause can be hip flexor tightness or decreased hip extension 
Treatment for Lack of Hip Motion

1. Have them in a lunge position have them lean and rock forward and backward

2.  Manually drive the tibia over the talus while the patient rocks and lunge

3. This maneuver mimics the gait cycle and is a functional mobilization
4. To LOCK THE MIDTARSALS, PLACE THE INVOLVED LEG IN THE TRAIL POSITION.  You would do this because the midtarsals often compensate for lack of dorsiflexion with excessive sagittal motion.  By locking the midtarsals, the emphasis would then be the mortise
5. To unlock the midtarsals use the involved leg as the lead leg to share sagittal motion between mortise and midtarsals. 
Triplanar Calf Stretch

1. Trail leg is the stretch leg (knee bent or knee straight to either select the gastroc or soleus)

2. Rock Sagitally (forward and back) for 10 reps

3. Rock Coronally (side to side) for 10 reps

4. You can twist pelvis and hip across your body (work in transverse plane) for 10 reps. 
Subtalar Joint
The joint is a torque converter that is responsible for inversion and eversion.  
The subtalar joint creates IR and ER of the whole LE.  
Inversion causes internal tibia rotation that affects screw home of the knee.  Drives IR of the femur and set off the glutes to fire. 
Mechanics At Heel Strike In Gait Cycle

Heel strike places the foot/ankle in inversion.

Ground reactive forces force eversion (after heel strike)  
The wiggle of the calcaneus shifting forces is very important in gait cycle. 
Patients with inversion sprains lack calcaneal eversion. They have trouble transferring forces, dissipating load, and are inefficient walkers with loud gait.   

Patient Example – Hypermobile Sub-talar Joint with Patient Stuck in Supination 

The typical supinated foot shows rigid subtalar joint.  In this example, the subtalar moves well.  A quick palpation of the other joints of the foot shows that the mid-foot is rigid.  The mid-foot would benefit from adjustments.   
Pronated Foot- Example
Observation: The patient stays in a pronated position and doesn’t make it to supination
Palpation of the foot: Soft, no fixations in the foot…There would be nothing to adjust in the patient’s foot
Treatment: Drive supination…Face wall, swing the hip across, have the doctor manually drive supination with mobilization with patient movement
______________________________________________________________________________________________________

LECTURE – FOOT AND ANKLE TREATMENT CONSIDERATIONS
If someone doesn’t move through the ankle mortise joint well, ER of the hip may palpate short and tight.  They may fail the hip screen, but the true cause of the problem may lie at the foot and ankle.  The key is don’t let pain guide the treatment!  When the function changes, the pain goes away and stays away longer.

Talus Trivia
No muscular attachments to the talus

This make rehab challenging

Entirely covered by articular surfaces and ligamentous insertions

Pronated Foot -- Treatment

The best muscle to control the overly pronated foot is the posterior tibialis. 

Supinated Foot – Treatment

 Adjustments and soft tissue work would be needed
Tibia Will Follow the Talus
Pronation of the foot --- calcaneal eversion  --- Eversion the talus to move down the slide and then IR the tibia, starting the kinetic chain

Lack of calcaneal eversion and lack of tibial IR leads to medial meniscus tears. Pain will manifest either upstream or downstream of the actual problem.   

Classic Texts n Peripheral Joint Exam and Treatment
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Orthotics for Foot Types

Pronated Foot = May benefit from arch support

Supinated Foot = Challenging to manage with orthotics.   

We do not treat the extremities enough in chiropractic enough.  

*** Tom Michaud:  Foot Orthoses…Chapters 2 and 3….Chapter 2 is a properly functioning foot and Ch 3 is dysfunction ***

Quote
Two million years ago in Africa, the first certain ancestor of man walked with a foot that is almost indistinguishable from the foot of modern man.  3 Things messed this up:
1. Shoes

2. Artificial Surfaces

3. Sedentary Lifestyle

Why are there so many foot dysfunctions with such a sedentary lifestyle?
Unless exercised on actual ground surface (beaches, rocky slopes) the ability of the arches to hollow and adapt to the ever changing terrain is often lost to the town dweller

Bunions are thought to have a small genetic predisposition, but poor functioning feet and hobbies may be more of a trigger (dancing, ballet, etc.).  

Great Toe Dorsiflexion

Treatment is required when the great toe does not dorsiflex past 65 degrees (hallux limitus) 

In order to dorsiflex the great toe, the 1st ray/Met should plantar flex…The two motions are coupled!  

Karl Lewit Quote - 1999

“Not All Vertebral Segments have the same importance. We therefore must speak of key regions or segments of the spine.”
Key Segments of the Spine and Body: C0-C1-C2, CT, T/L, SI Jts., Feet
Good News
90% of foot problems are rear foot (calcaneus, subtalar joint, etc.) driven (ex. Morton’s Neuroma, Bunions)

Very few disciplines treat extremities well

Podiatry school does not teach biomechanics:  

Sports Medicine: You’ll treat a lot of feet and ankles
Foot Inspection
Callus Formation

Bunion Formation

Shoe Tread Wear:  Is there asymmetry from R to L?  Is there one shoe more worn than other side?
Shoe Contributing to Problem: Ex. High heels may drive the problem
Diabetic: Educate the patient that it would take longer, because of poor healing capacity. 
We need to toe off from the great toe.
Morton’s Neuroma

Overly compressive forces to a small interdigital nerve is the cause of Morton’s Neuroma.  

The differential diagnosis is MET FX or Morton’s Neuroma.  

The Key Question: Is there pain on the bone or in between the bone? 

MET FRACTURE = PAIN ON THE BONE

VS. 
MORTON’S NEUROMA = PAIN BETWEEN THE BONE (Interdigital Nerve)

Treatment: 

1. MET bumps = A pad that dissipates forces

2.  Cortisone = Acute Pain/Inflammation

3. Patient education = Avoid Aggravating Activities

4. Manual Treatment = Treatment would focus on the rearfoot  
Example: A hobby that might bring on a Morton’s in a good foot may be cycling. Cycling puts pressure from the pedal into the interdigital area.  The problem may be alleviated by moving the cleat by 1-3 mm.  You can add padding (MET Bump) to reduce compressive forces.  A mistake with a MET Bump would be to place it at the site of lesion, but it should go further posterior to the site of pain to change mechanics.  The MET Bump may even be built into an orthotic.
Callus Formation and Toe Off
Normal Toe Off: Occurs from the Great Toe
Excessively Pronated Subtalar Joint: They cannot get to a rigid foot to get to toe off from the great toe.  They toe off from 2 or 3rd MET. Often there is a predictable callus on the side of the great toe from wear. 

Shoes for Orthotic Therapy
Place the orthotic in a neutral shoe, since most shoes have some form of orthotic built into them now-a-days.

Gait Cycle
Heel Strike – Calcaneal Inversion 
GRF (Ground Reaction Forces) grab calcaneus leading to Pronation

Pronation dissipates force (shock absorption – bag of bones)

Midstance --- The leg is pulled from calcaneal eversion as the leg swings through 
The leg swings through leading to supination 

Supination Locks the foot creating a rigid lever for toe off (Ideal toe off comes from the great toe). 
Coming down absorbs load (pronation) and then explode up (supination).  Every step/every gait cycle should have both pronation and supination.  The overly pronated foot comes down well, but doesn’t explode.  The supinated foot can’t absorb force, but toes off well.  
Pronation and Supination
Although opposite motions, these movements are equally important in the locomotor system

Supination and Pronation are not isolated events…They occur all the way up from foot to the hip. 
Calcaneal Eversion
Arguably the most important joint movement

Shock absorption

Mobile adapter

Reduces Strain on the Ankle Ligaments and bones

Induces internal tibial rotation

High Acrh, Supination, and Stress Fracture
449 Navy Seals showed a higher incident of stress fractures in feet with abnormally high arches

With the rigidity and loss of pliability, the foot is subject to a greater rate of stress

This process can lead to tibial fractures

3 forms of Shin Splints

Anterior Tibialis: Probably the easiest of the 3 to treat. Strengthen the anterior tibialis eccentrically
Posterior Tibialis: Strengthen the post tibialis eccentrically
Compartment Syndrome: May need ER or surgical consult

Controlled Eversion
Primarily Tibialis Posterior (eccentric contraction)

Angular Velocity of Pronation could be the key (Michaud)

Orthotics could be better then nothing, but foot intrinsic strengthening might be best

Sometimes, orthotics are only treatment option

Orthotics Gone Bad

A hard plastic orthotic is a bad idea

Eversion and pronation are important…Stabilizing with an orthotic may limit the normal motion of the foot/ankle

As orthotics age, they lose their ability to do their job. 
Orthotics should be given to
1. Functional Hallucis Limitus: With a first ray cut out…Natural dorsiflexion mobilization occurs from a first ray cut out
2. Excessive Pronation:  The patient that fails exercise and cannot control excessive pronation is an orthotic candidate
3. Tibial Varum or Torsion: Bowing of tibia…A structural problem that requires structural solutions
a. Postings for a tibial varum:

i. Medial Post: Medial post under the calcaneus to keep the calcaneus and tibia perpendicular

ii. Forefoot post: Forefoot post on the outside of the foot to bring them over to toe off the 1st toe.  

Causes of Excessive Foot Flare & Strategies to ID

Poor ankle mortise DF: Palpate the joint 

Hip Flexors (Psoas/Rectus Femoris/ITB/TFL): Thomas Test
Pirifomis: Prone Hip IR screen
External Tibial Torsion: Observation
Poor SI Function: Joint Palpation
8 Inch Step Down (Sagittal Plane)

All athletes should be able to do this for normal functioning foot and ankle complex

Heel Down, No Foot Flare = Normal

Lack of Dorsiflexion

Failed Step Down – Compensations:

1. Increased Knee Valgosity

2. Heel Rise
Toggle Board Adjustment

Just Drop through a toggle board in dorsiflexion set up 

Long axis distraction often induces plantar flexion, not dorsiflexion

Driving Dorsiflexion from the Lunge Stance Mobilization 
Front Leg:  Midtarsals are unlocked in front leg driving DF

Back leg:  Midtarslas are locked on back leg and drive dorsiflexion (making all motion at the mortise joint) 

Tri Planar Calf
Stubborn plantar fasciitis cases may benefit from this exercise (tri planar calf).  Stretching on a stair may not be as effective because contraction is induced during the stretch.

Triplanar Calf with Slant Board
1. Sagittal Plane = Prop the slant board against the wall and rock the nose to the wall, forwards and backwards
2. Coronal Plane = Prop the slant board against the wall and move the head and nose side to side (lateral shift)

3. Transverse Plane = Prop the slant board against the wall and move/twist side to side to get the transverse plane

No Dorsiflexion --- Who Cares?
When you don’t dorsiflex at the mortise joint, you will still advance the tibia, but a huge consequence to the rest of the foot

Two options:


Early heel off (bouncy walk)


OR


Foot Flare (forcing tibial advancement through excessive pronation of mid-tarsals, not subtalar)
Foot flare, Knee Valgosity, Bunions, etc.

Cortisone injections into the plantar fascia may help with plantar fascitis or with Morton’s Neuroma, but cortisone is a temporary solution.  You get Morton’s and plantar fascitis because of bad LE biomechanics.  Identify and treat the cause (bad biomechanics) not the effect (pain) 
Orthotic Application
Muscles should be turned on in the developmental process:  Tibial formation/structure, spinal curves, normal knee valgosity, collar bone contour, and rib creation are formed by synergistic pull of muscles in development (co-contraction).  Problems in the bone structures between 6 weeks and 4 years can lead to structural problems later in life.  

Screen for Tibial Torsion – Structural Tibial Abnormality

Flex the hip and knee with the patient supine, keeping the area in sagittal alignment.  Excessive twisting of the tibia may be evident indicating structural problems.

Patient Example

The subtalar joint may look inverted on first glance.  You may then think that the joint is rigid and needs adjustment.  Joint palpation would actually show too much motion.  This patient would benefit from rearfoot and forefoot posts - orthotics.  The subtalar is hypermobile and needs medial support.  The forefoot post is needed to get back to the first, so toe off comes from the great toe.    

Fetal Development

In the fetus, the foot is plantar flexed and inverted.  3 muscles form the arch of the foot (tibialis anterior, tibialis posterior and peroneus longus). Synergy of activation helps to form the joint.

Michaud
Foot orthoses should be a small part of the treatment plan rather than the entire emphasis of treatment 
Criteria for Orthotic
Uncontrolled Pronation: Pronation that can’t be controlled with exercise.  The orthotic helps control internal tibial rotation. 
FHL: First Ray cut out.  The cut out helps to plantar flex the 1st Met and dorsiflex the great toe
Tibial Torsions and Varums: These are structural problems that benefit from structural treatment (orthotics)
Tibial Structural Issues
Tibial Varum:  


How much bending there is in the frontal plane: A key question to ask and know the answer to.

Steeper approach which requires the foot to pronate through an excessive range of motion (in shorter time)


Cavus Foot:  But often hypermobile sub-talar joint
Tibial Torsions;


How much twist is in the tibia as we develop


Ongoing process
Compensation for Hip Anteversion

A compensation for hip anteversion may be tibial external rotation.  The joint that is confused is the knee joint.  The knee tries to adapt to hip pathology.   The compensation will be apparent by squinting patellae.  

Compensation for Retroverted Hip

Internal tibial torsion is the compensation for retroverted hip 
Dispelling Myths
Eversion is needed for sports mechanics like golf swing or baseball swing.  Digging a hole (baseball) helps create eversion and sets the hip up to create unwinding of the abdominal wall.  The foot that doesn’t evert needs to see you, particularly in professional athletes.  Elite golfers that lack eversion, can’t tap into the power.  

Golf Backswing
Controlled Valgosity of the front knee is necessary loading mechanism

This is a natural loading mechanism as you see forefoot abduction to drive/pronation/eversion/loading
The great golfers move from side to side and in transverse plane without much shifting

Eversion in the Gait Cycle

EVERSION IN THE GAIT CYCLE IS GENERATED WITHOUT MUSCLE ACTIVATION…IT HAPPENS FOR FREE BY GROUND REACTIVE FORCES.   
Gravity and Ground Reactive Forces (Generate)
HIP INTERNAL ROTATION
TIBIAL INTERNAL ROTATION
Finishing Feet
We need supination in the golf swing

An overly pronated foot that does not supinate, shows the foot skipping through the golf swing
Triplanar Balance Reaches to Drive Supination or Pronation
Supination: Bringing arm across the body in a lunge stance drives the lead foot into supination, inversion, and tibial ER.

VS

Pronation: Bringing the arm away from the body in a lunge stance drives the lead foot into pronation, eversion and tibial IR. 
