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Lower Extremity
Hip, Knee, Ankle and Foot

The Neuromechanical System

Injury and various diseases may lead to two types of dysfunction: 1) 
mechanical instability and 2) functional instability.”

1) Mechanical instability is made up of the “hardware” 
components – muscles, joints, tendons, and ligaments. This would 
include conditions such as ruptured tendons and ligaments, 
damaged bones, torn menisci, DJD, RA, etc., and diseases causing 
muscle weakness (polio, CVA, etc). Many of these conditions 
require corrective surgery and/or are permanent. Some, such as 
weakness from a CVA are not amenable to surgical correction.

“Tale of the tape,” Jardine, Advance for Physical Therapy and Rehab Medicine, Jan 
18, 2010

Mechanical vs. Functional Instability

1

2



2

2) Functional instability is made up of the “software” components –
the operating system or neural programming behind muscle 
activation and coordinated action between muscles to produce 
smooth movement and provide stabilization of the joint.

Conditions causing mechanical instability will always cause 
some functional instability. 

Improvement of the functional instability will lessen the 
mechanical instability and improve function, but not to the degree 
that it was before the condition that caused the damage.

“Tale of the tape,” Jardine, Advance for Physical Therapy and Rehab Medicine, Jan 18, 
2010

Mechanical vs. Functional Instability

Frequent conditions
of the ankle & foot

• Plantar Fasciitis / Heel Pain

• Achilles Tendonitis

• Inversion Ankle Sprain

• Eversion Ankle Sprain

• Instep Pain

• Metatarsalgia
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Plantar Fascitis

Most common cause of heel pain in children and teenagers:

Calcaneal Apophysitis (Seer’s Disease)
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Osteology of the Foot

Combination Adjustment

1. Medial Calcaneus

2. Inferior-medial Talus

3. Inferior-medial Navicular

4. Inferior Medial Cuneiform

5. Inferior 1st Metatarsal

6. Inferior Lateral Cuneiform

Plantar Fasciitis 
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Plantar Fascitis
Medial Calcaneus
-LOD: Lateral
-Setting: Low or Medium

Plantar FascitisInferior-medial 
Talus
-LOD: Superior & Lateral
-Setting: Low or Medium
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Plantar FascitisInferior-medial 
Navicular
-LOD: Superior & Lateral
-Setting: Low or Medium

Plantar FascitisInferior Cuneiform
-LOD: Superior
-Setting: Low or Medium
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Plantar Fascitis
Inferior 1st Metatarsal
-LOD: Superior
-Setting: Low or Medium

Plantar Fascitis
Inferior Lateral
Cuneiform
-LOD: Superior
-Setting: Low or Medium
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Segmental Contact Points
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Plantar Fasciitis

Paratenonitis:
palpable lump

Non-insertional
Tendonitis (no
lump)

Achilles Tendinitis
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Achilles Tendon Injury

Must rule out complete rupture

Combination Adjustment Protocol
1. Posterior-Superior Calcaneus

2. Posterior Distal Femur

3. Posterior Proximal Tibia

Achilles Tendinitis
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Achilles Tendinitis

Posterior Superior 
Calcaneus

Stylus: Single

LOD:     Inferior & Anterior

Setting: Medium

Adjustment Directive

Achilles Tendinitis

Posterior Distal 
Femur

Stylus: Large Dual

LOD:     Anterior

Setting: Medium

Adjustment Directive
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Achilles Tendinitis

Posterior 
Proximal Tibia

Stylus: Large Dual

LOD:     Anterior

Setting: Medium

Adjustment Directive

“Continued sports activity using a pain-monitoring model during 
rehabilitation in patients with achilles tendinopathy,” Silbernagel et al, 

American Journal of Sports Medicine, 2007:35

• Rehab for both conditions involves “heavy-load 
eccentric” exercises

• Have been shown repeatedly to be highly effective.

• Cortisone injections have been shown to be ineffective, 
dangerous, and weaken the tendon making rupture more 
likely.
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Ankle Kinematics

Inversion Ankle Sprain
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• Up to 40% of all athletic injuries are 
related to ankle sprains.

• Ankle injury rates reach as high as 50% 
in basketball players and 29% in soccer 
players.

Smith & Reischl.  Treatment of ankle sprains in young athletes. The 
American Journal of Sports Medicine, 1986:14

Inversion Ankle Sprain

Inversion Ankle Sprain:

• Must rule out:
Dislocation of talus out of the mortise

Fractures (including distal end of the 
fibula)

Complete ligament ruptures

Inversion Ankle Sprain
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Inversion Ankle Sprain

29

30



16

Inversion Ankle Sprain
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Inversion Ankle Sprain

Combination Adjustment

1. Anterior Lateral Superior Talus

2. Posterior Distal Fibula
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Inversion Ankle Sprain

Anterior Lateral 
Talus

Stylus: Single

LOD:     Posterior Medial

Setting: Medium

Adjustment Directive

Inversion Ankle Sprain

Anterior Lateral 
Talus

Stylus: Single

LOD:     Posterior Medial

Setting: Medium

Adjustment Directive
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Inversion Ankle Sprain

Posterior Distal 

Fibula

Stylus: Single

LOD:     Anterior

Setting: Medium

Adjustment Directive

Inversion Ankle Sprain

Posterior Distal 
Fibula

Stylus: Single

LOD:     Anterior

Setting: Medium

Adjustment Directive
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Inversion Ankle Sprain Rehab

Inversion Ankle Sprain Rehab
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Proprioceptive Training
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Deltoid 
Ligament

Eversion
Ankle Sprain

Eversion Ankle Sprain

Combination Adjustment

1. Inferior Medial Talus

2. Inferior Medial Navicular

3. Inferior Medial Tibia
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Common Associated Ankle/Leg 
Subluxations

• Inferior-medial Talus

• Inferior-medial Navicular

• Inferior medial Tibia

Eversion
Ankle Sprain

Inferior-medial 
Talus
-LOD: Superior & Lateral
-Setting: Low or Medium

Eversion
Ankle Sprain
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Inferior-medial 
Navicular
-LOD: Superior & Lateral
-Setting: Low or Medium

Eversion
Ankle Sprain

Inferior-medial 
Tibia
-LOD: Superior & Lateral
-Setting: Low or Medium

Eversion
Ankle Sprain
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Ankle Impingement

Ankle Impingement
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Ankle Impingement

Combination Adjustment

1. Anterior-Superior Talus

2. Superior Navicular

3. Superior Medial Cuneiform

4. Anterior Distal Tibia

Instep Pain
Anterior-Superior Talus
-LOD: Posterior-inferior
-Setting: Low to Medium

Superior Navicular
LOD: inferior
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Superior Navicular
LOD: inferior

Anterior-Superior Talus
-LOD: Posterior-inferior
-Setting: Low to Medium
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Superior medial 
Cuneiform
-LOD: Inferior & Lateral
-Setting: Low or Medium

Instep Pain

Anterior Tibia
LOD: posterior

Superior medial Cuneiform

-LOD: Inferior & Lateral
-Setting: Low or Medium
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Anterior Tibia
LOD: posterior

• Hallux Valgus/1st MTP Sprain

• Metatarsalgia

Foot/Toe Conditions
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Experience the Next Generation in Chiropractic NEUROMECHANICAL INNOVATIONS®
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1st Metatarsophalangeal 
Joint
-LOD: Lateral
-Setting: Low or Medium

Hallux Valgus/
MTP sprain
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1st MTP
-LOD: Lateral
-Setting: Low or Medium

Metatarsalgia/MTP sprain:

65

66



34

Inferior MTP
LOD: superior
Setting: Low or medium

Cuboid sprain:
LOD: inferior
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Inferior 5th Metatarsal
-LOD: Superior
-Setting: Low or Medium

5th MTP sprain

Inferior 5th Metatarsal
-LOD: Superior
-Setting: Low or Medium
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Knee 
Articulations
1. Tibiofemoral Joint

2. Tibiofibular Joint

3. Patellofemoral Joint

Knee

Physical Examination
1. Orthopedic Examination

2. Postural Assessment

Knee – Tibiofemoral Joint
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Knee Adjustment Considerations
1. Anterior

2. Tibiofibular Joint

3. Patellofemoral Joint

Knee

Occurrence of anterior cruciate ligament (ACL) injury expressed as (A) a percentage of all 
injuries and (B) the rate per 1000 exposures (games and practices combined, 1988–9 through 

2003–4).

P Renstrom et al. Br J Sports Med 2008;42:394-412

Copyright © BMJ Publishing Group Ltd & British Association of Sport and Exercise Medicine. All rights reserved.
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Drop vertical jump test. 

P Renstrom et al. Br J Sports Med 2008;42:394-412

Copyright © BMJ Publishing Group Ltd & British Association of Sport and Exercise Medicine. All rights reserved.
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Inappropriate neuromuscular control during landing: 

Barber-Westin et al, Journal of Strength and Conditioning Research,Nov, 2010:24

Reduced
hip & knee
flexion

Asymmetrical
foot positions

Knee abduction/
valgus

Shifting of
weight over
knee

“An integrated approach to change the outcome. Part II: Targeted 
neuromuscular training techniques to reduce indentified ACL injury risk 
factors,” Myer et al, Journal of Strength and Conditioning Research, Aug, 2012
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Inappropriate neuromuscular control during landing: 

Barber-Westin et al, Journal of Strength and Conditioning Research,Nov, 2010:24

Reduced
hip & knee
flexion

Asymmetrical
foot positions

Knee abduction/
valgus

Shifting of
weight over
knee
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Posterior 
Tibiofemoral Joint
-LOD: Anterior
-Setting: Medium

Posterior Knee Pain
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Medial Knee Pain

Medial Meniscus

Stylus: Single

LOD:     Lateral

Setting: 2 (Medium)

Adjustment Directive

Lateral Knee Pain

Lateral Meniscus

Stylus: Single

LOD:     Medial

Setting: 2 (Medium)

Adjustment Directive
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Posterior Lateral Knee Pain

Posterior 
Proximal Fibula

Stylus: Single

LOD:     Anterior

Setting: Medium

Adjustment Directive

Posterior Lateral Knee Pain

Posterior 
Proximal Fibula

Stylus: Single

LOD:     Anterior

Setting: Medium

Adjustment Directive
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Patellofemoral Pain Syndrome (PFPS)
(a.k.a. – Chondromalacia of the patella)

• “The major mechanism responsible for PFPS is probably forces causing a 
lateralization of the patella.”

“Upward squatting in individuals with and without PFPS: a biomechanical study,” Dionisio et al, Journal of 
Strength and Condition Research, May, 2011

• “Patellar malalignment has always been thought to be a significant cause 
of anterior knee pain.”

Hammer, “Treatment for Patellofemoral Pain Syndrome,” Dynamic Chiropractic, Feb 12, 2001

• A tight lateral retinaculum tilts the patella, leading to increased pressure on 
the lateral facet and reduces normal lateral to medial.

Ficat, et al, “Chondromalacia patellae: A system of classification,” Clinical Orthopedics, 
144:1979

-SCP: Inferior Patella
-LOD: superior
-Setting: Medium or Low

Loss of superior 
patellar glide
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-SCP: Inferior Patella
-LOD: superior
-Setting: Medium or Low

Loss of superior 
patellar glide

-SCP: Superior Patella
-LOD: Inferior
-Setting: Medium or Low

Superior 
patellar pain

93

94



48

-SCP: Medial Patella
-LOD: Lateral
-Setting: Medium or Low

Medial 
Patellar Pain

-SCP: Lateral Patella
-LOD: Medial
-Setting: Medium or Low

Lateral 
Patellar Pain
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• “The pain from PFPS causes reflex inhibition of the 
quadriceps leading to decreased activation and atrophy.”

• The greater the degree of knee flexion (during the descent 
portion of the squat before the upward segment of the squat) 
the greater the torque and compression forces against the 
patellofemoral joint leading to pain and reflex inhibition.

• Thus initial strengthening of the quads should be performed 
over the final 40 degrees of knee extension during the upward 
squat.

“Upward squatting in individuals with and without PFPS: a biomechanical study,” Dionisio et al, Journal of 
Strength and Condition Research, May, 2011

The Hip and Pelvic Girdle: 
Acetabulo-femoral joints (ilium and femur)
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“Comparison of manual therapy and exercise therapy in OA of 
the hip,” Hoeksma et al, Arthritis and Rheumatism, 2004:51

• Manual therapy was shown to be superior to 
exercise.

“Effect of therapeutic exercise for hip OA pain,” 
Hernandez-Molina et al, Arthritis and Rheumatism, 2008:59

• Therapeutic exercise, especially with an 
element of strengthening, is an efficacious 
treatment for hip OA.
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Approx 130 Approx 30 Approx 35

Approx 30 Approx 45 Approx 50

All pelvic girdle rotation results from motion at one or more of the following locations: the right hip, the left hip, the lumbar spine.
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Most of the muscles acting 
on the hip function as a 3rd

class levers (where the 
force is between the axis 
of rotation and the 
resistance) favoring large 
ROM and speed.

The Hip Joint: Kinesiology 

• At the hip there are 7 two-joint muscles that have one 
action at the hip and another at the knee.

• The body part that moves the most (hip or knee) will be 
the part least stabilized.

The Hip Joint: Kinesiology 
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The Hip Joint: Anatomy 

In most individuals, the hip flexors remain strong and rarely need 
strengthening exercises but the hip extensors (and abductors and 
abdominals) become weak. 

However, the hip flexors often become shortened due to excessive 
sitting (hips flexed positioned). Muscles habitually placed in relaxed 
(shortened) postures will become shorter due to the action of the 
muscle spindles 

(spindles are facilitory mechanoreceptors that react to changes in muscle 
length to protect the muscle and will “take up the slack” to shorten a 
muscle that is habitually relaxed in order to maintain the muscle “tone.”)

The iliopsoas 
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The pectineus adducts the femur, 
and assists the iliopsoas in flexion of 
the hip and assists with internal 
rotation of the hip. 

The Sartorius is both a hip and knee 
flexor, thus it is weak when the hip and 
knee are being flexed simultaneously.

It is a more effective hip flexor when the 
knee is held in extension. However, it then 
becomes more effective at rotating the 

ilium anterior (closed ended).

It also externally rotates the hip.

(Reduced hip internal rotation with medial 

knee pain, think Sartorius.)
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The TFL assists hip flexion.

It helps direct the leg forward so that 
the foot is placed straight forward in 
walking and running.
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• During ordinary walking the Gluteus Maximus comes into action 
when the femur exceeds 15 degrees of extension, thus it is not 
used extensively in walking. (The posterior fibers of the G medius 
and the hamstrings are more active for hip extension during 
walking).

• It is also a powerful external rotator of the hip.

• It is a powerful stabilizer of the SI joint (pulls the sacrum laterally to 
close the SI joint)

• It is strengthened by applying resistance to it starting in a hip 
flexion position and moving into extension with the knee in flexion 
(the return from the squat position).

Gluteus Maximus
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Normal feedforward response
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Sacroiliac Adjustment

Sacroiliac Joint Adjustment

SCP: Sacroiliac joint, medial aspect of PSIS

LOD:  Anterior-Superior

Setting:  High or Medium

The external rotators of the hip:

The six deep external rotators, along with the internal rotators, help maintain the 
correct position of the femoral head in the acetabulum.

They counter-act internal rotation produced in the hip during motions 
such as throwing a baseball.
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The anterior fibers of the G. medius
assist with internal hip rotation.
The posterior fibers of the G. medius
assist with external hip rotation.

Hip abduction 
weakness related to 
ITBS. “Hip abduction 
weakness in distance 
runners with iliotibial 
band syndrome,”
Fredericson et al, Clinical 
Journal of Sports Medicine,
2000:10

Hip abductor 
strengthening 
reduces knee 
pain and 
improves 
function in 
patients with OA.
Sled, EA, Khoja, L, 
Deluzio, KJ, Olney, SJ, 
Culham, EG. "Effect of 
a Home Program of Hip 
Abductor Exercises on 
Knee Joint Loading, 
Strength, Function, and 
Pain in People with 
Knee Osteoarthritis: A 
Clinical Trial." Physical 
Therapy, June 2010, 
Volume 90, Number 6.
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Step 3:  Hip Rotation Tests

Ilium on the side being examined must be held down firmly to prevent rotation of the 
pelvis.

External (posterior) rotation Internal (anterior) rotation

Step 3:  Hip Rotation Test
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Flowchart for 
Step 3

Hip Rotation
Tests

Internal
Rotation

External
Rotation

Positive Negative Positive Negative

Adjust
Posterior

Trochanter

Proceed to
Lower Ext.

Compression 
Tests

Adjust
Anterior

Trochanter

Proceed to
Lower Ext.

Compression 
Tests

Hyperactive
Internal Rotators

Hyperactive
External Rotators

Normal: 35-40 degrees Normal: 50-60 degrees

Step 3
Hip Rotation

Tests

Internal
Rotation

Positive

Adjust
Posterior

Trochanter

Hyperactive or Inhibited
External Rotators

Reduced internal 
rotation

of right hip:

20 degrees
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Step 3
Hibb’s test:

Pain in low back or SI joint indicates a lumbar or SI 
joint lesion:

Pain in the hip indicates a hip lesion (DJD, inhibited 
external rotators or psoas)  

Posterior Hip Adjustment (to restore hip internal rotation)

SCP: Posterior aspect of the greater trochanter at the tendinous insertions of 
the 6 deep rotators, the posterior fibers of the G. medius, and the G. max.

LOD:  Anterior

Setting:  High or Medium

Posterior Hip Adjustment
(For Loss of Hip Internal Rotation)
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External Rotators
Muscles, Testing and Function with Posture and Pain, 

Kendall et al, 2005, Lippincott Williams & Wilkins

External Rotators
Muscles, Testing and Function with Posture and Pain, Kendall et al, 2005, 

Lippincott Williams & Wilkins

Posterior fibers
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Failure to normalize or greatly improve hip 
internal rotation restriction: 

Psoas Facilitation/Inhibtion:
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Psoas syndrome: 

• Psoas syndrome can produce the following:
• Excessive anterior tilt of the pelvis;

• Anterior rotation of one ilium causing counternutation of the SI complex;

• Reduced internal rotation of the femur;

• Pubic symphysis/groin pain;

• Excessive lumbar lordosis (bilateral) or lumbar lateral curvature with vertebral 
rotation (unilateral);

• Inability or pain when attempting to stand erect after sitting.

Psoas Test: 
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Psoas Adjustment: 

Contact just lateral and inferior to pubic ramus on the tendon of the psoas.

Psoas Test: 

• Remission of psoas syndrome most strongly predicted LBP 
response.
(Restricted sacral nutation was most strongly correlated with other 

biomechanical dysfunctions.)

Licciardone et al, “Changes in biomechanical dysfunction and low back pain reduction with 
osteopathic manual treatment: Results from the Osteopathic Trial,” Manual Therapy, April, 2014
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The pectineus adjustment: 
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Experience the Next Generation in Chiropractic NEUROMECHANICAL INNOVATIONS®

Contact just inferior to the pubic ramus between the ramus and the medial 
aspect of the superior femur

• Internal rotation is the first motion affected with hip capsular 
problems and DJD.

• “When you find a severe lack of internal rotation in the hip and this 
motion cannot be restored, the patient is usually on their way to hip 
replacement surgery.”

“The Hip Joint: Myofascial and Joint Patterns,” 
Marc Heller, DC, Dynamic Chiropractic, May 7, 2007:

133

134



68

Step 3
Hip Rotation

Tests

External
Rotation

Positive

Adjust
Anterior

Trochanter

Hyperactive or 
Inhibited

Internal Rotators

Reduced external 
rotation

of right hip:

50-60 degrees

Flowchart for 
Step 3

Hip Rotation
Tests

Internal
Rotation

External
Rotation

Positive Negative Positive Negative

Adjust
Posterior

Trochanter

Proceed to
Lower Ext.

Compression 
Tests

Adjust
Anterior

Trochanter

Proceed to
Lower Ext.

Compression 
Tests

Hyperactive or Inhibited
Internal Rotators

Hyperactive or Inhibited
External Rotators
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Anterior Hip Adjustment (to restore hip external rotation)

SCP: Anterior aspect of the greater trochanter at the tendinous insertions of the 
TFL, anterior fibers of the G. medius, and the G. minimus.

LOD:  Posterior

Setting:  High or Medium

Anterior Hip Adjustment
(For Loss of Hip External Rotation)

Hip Internal Rotators:  TFL
Muscles, Testing and Function with Posture and Pain, Kendall et al, 2005, 

Lippincott Williams & Wilkins
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Hip Internal Rotators
Muscles, Testing and Function with Posture and Pain, Kendall et al, 2005, 

Lippincott Williams & Wilkins

Anterior fibers

Unilateral Hip Rotation Range of Motion Asymmetry in Patients 
With Sacroiliac Joint Regional Pain

Cibulka et al. Spine: Volume 23(9) 1 May 1998 pp 1009-15

“The presence of such asymmetry in 
patients with low back pain may help 
identify those with sacroiliac joint 
dysfunction.”
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