The Knee and Hip Lab 
Skills List 
Objective Exam Techniques
Double Leg Posture Exam: 
Locate the following: ASIS, midline of patella, tibial tubercle, greater trochanter, tibiofemoral joint line. Why do we care?
Q-Angle: How is it measured? What is normal? Can we change it? How can we assess functional Q-angles/dynamic knee valgus? 
Knee – frontal plane alignment – define the following:
Varus
Valgus
Why do we care?
Knee – sagittal plane alignment: 	
What is expected posture in double limb stance? 
Why do we care? 
Foot position:
Why do we care? 
Single Leg Posture Exam:
What is the client position for single limb stance? Where should the tester stand? (explain and demonstrate) Why do we care? 
What compensatory strategies might be seen in the instance of decreased frontal plane stability at the hip and knee? Why?
Range of Motion Hip and Knee – NOT TESTED
Demonstrate the following measurement positions and recall expected and functional ROM: 
Knee flexion: 
Test Position: 
Expected ROM: 
Functional ROM:
What is the main thing that we look for with knee flexion range?
Knee extension: 
Test Position:  
Expected ROM: 
Why would we want to look at knee extensions actively and passively (relaxed)?
HS flexibility
Test Position: 
Why?
Knee extended:  
Knee flexed:
Expected/Functional ROM:
Without HS: 
HS flexibility: 
Hip flexor flexibility (Thomas test) / Hip Extension ROM
What is expected hip range of motion?
Expected ROM:
Demo and explain Thomas Test:
Test Position and explanation: 
Normal Thomas Test findings: 
Functional ROM: 
What would be an abnormal finding on a Thomas Test? How would we interpret these findings? 
Hip Internal and External Rotation 
Test Position:  
Expected/functional ROM: 
External rotation: 
Internal rotation:
Normal arc of motion: 
How can we determine if available internal/external rotation is influenced by soft tissue restriction or position of femoral head within acetabulum?
Special Test for Hip Anteversion/Retroversion: Craig’s Test – NOT TESTED
What is the purpose of Craig’s Test? 
What is femoral anteversion/retroversion?
Describe the angle of torsion:  
Anteversion:  
Retroversion: 
Demonstrate and describe measurement
Test Position: 
Technique: 
What is a normal degree of femoral ante/retroversion? What is considered excessive femoral anteversion? What is considered excessive femoral retroversion?  
Can we increase ROM limitations due to femoral torsion? Why do we care? What can we do?
Movement Analysis
Sumo squat
What are we looking for at the knee and the hip?
What are common movement faults at the hip and knee? 
Single leg squat
What are we looking for at the knee and the hip?
What are common movement faults?
Gait 
What are we assessing in the frontal plane? Why do we care? 
What are we looking for in arm swing? 
What are we assessing in the sagittal plane? Why do we care? 
Stance phase
Hip: 
Knee: 
Swing phase: 
Are heels within 2 inches of each other?
Evolutionary Mismatch
Describe the evolutionary mismatch related to changes at the knee and hip, and how it impacts frontal plane stability. 
What was the motivation/driver of evolutionary hip and knee changes?
What primary differences can be observed between humans and their closest primate relatives at the hip and knee? 
What is the evolutionary mismatch at the knee, hip and pelvis?
Intervention / Treatment 
How can we train increased stability in a way that is truly unipedal?  
Teach a client one exercise that is an example of true single leg stability training (demo on frame).
What are you looking for during a single leg exercise to ensure adequate form? 
How could you make this exercise harder? Easier?
How could we challenge the frontal plane stabilizers of the pelvis (gluteus medius) in a functional way? (demo on frame)
Take a client through a plie/sumo squat. Why would this type of squat be preferred to a “regular” hip hinge squat? Consider the impact of the iliolinguinal ligament. Consider protection of the low back. 
What are you looking for during a sumo squat to ensure adequate form?







Exercise List (with an intern): 
Practice setting-up and performing these exercises, and consider the following:
What muscles are targeted? 
When might you include these exercises in your intervention approach? 
How could you modify these exercises to make them easier, or more difficult?
What are some common movement errors or compensation patterns you might see?

1. Sumo squat
2. Step up/split squat
3. Hip hiker
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Double Leg Posture Exam: 
Locate the following: ASIS, midline of patella, tibial tubercle, greater trochanter, tibiofemoral joint line. Why do we care?
ASIS – used when assessing pelvic table symmetry
Midline of patella – used when assessing Q-angle and dynamic knee valgus 
Tibial tubercle – used when assessing Q-angle and dynamic knee valgus 
Greater trochanter – where the gluteus medius and other important hip structures attach. Palpated when assessing degree of femoral anteversion/retroversion
Tibiofemoral joint line - common site of pain for interarticular damage (meniscus, arthritis, etc.)
Q-Angle
How is the Q-angle measured? 
Angle created by the ASIS, patella, and tibial tuberosity. 
What is a normal Q-angle? 
10-15 degrees.
Can we change someone’s Q-angle?
No. This is a structural finding that cannot be changed; however, it sheds light onto potential movement deviations or vulnerabilities to certain injuries that through proper exercise implementation, can be mitigated. 
How can we assess functional Q-angles/dynamic knee valgus? 
To offer the most clinical and functional insight, assessment should occur on a single limb (mimics functional gait) using these landmarks.
Knee – frontal plane alignment (define and identify/draw the following):
Varus
Position of the knee deviates away from the body's midline. 
Valgus
Position of the knee leans towards the body's midline
Why do we care?
Knee alignment can impact frontal plane stability and force is distributed across the joint
Dynamic valgus (in single leg stance) places increased tension at medial structures and ACL, and changes how the patella tracks in the trochlear groove during knee flexion and extension.
Knee – sagittal plane alignment: what is normal?
Neutral: Knees rest at approximately 0 degrees of extension, with equal alignment bilaterally.
Foot position (model someone with relative foot ER versus IR):
Why do we care? 
ER/IR of the foot gives us a clue on what may be occurring at the hip (femoral anteversion/retroversion) and can impact functional limb length and frontal plane stability
Single Leg Posture Exam:
What is the client position for single limb stance? Where should the tester stand? (explain and demonstrate): 
Client Position: Have the client stand up tall in double limb stance position. Their feet should be evenly aligned with their toes facing forward, knees extended, and arms by their side. Midline is located at navel, and client stands on one leg. Reassess with cues for client to avoid leaning over stance leg. Does this change their stability? Compare between sides.
Examiner Position: The examiner will stand directly in front of the client. 
Why do we care about assessing single limb posture? 
Allows us to understand stability in a functional way (we are functional unipeds)
What compensatory strategies might be seen in the instance of decreased frontal plane stability at the hip and knee? Why?
Contralateral (opposite side) pelvic drop: suggests inability of stance leg gluteus medius to adequately support pelvic table 
Dynamic knee valgus (patellar midline medial to second toe): resulting from decreased stability at the foot and/or hip stability  
COM shift over the stance phase leg: decreases external moment arm and therefore the requirement of glute med to stabilize the pelvis
Excess trunk lean over stance phase leg: an effort to shift COM over stance phase LE 
External rotation at the foot: an attempt to increase base of support 
Range of Motion Hip and Knee: - NOT TESTED
Demonstrate the following measurement positions and recall expected and functional ROM: 
Knee flexion: 
Test Position: Client supine or prone 
Expected ROM: 150 degrees (prone/supine) or heel to glute distance
Functional ROM: >/=135 degrees required for deep squat
What is the main thing that we look for with knee flexion range?
Is ROM symmetrical between sides?
Knee extension: 
Test Position: Client supine (with heels propped up) or prone 
Expected ROM: 0 to -10 degrees (hyperextension)
Why would we want to look at knee extensions actively and passively (relaxed)?
Decreased knee extension AROM (“quad lag”): weakness in quadriceps
Decreased knee extension PROM: joint effusion (swelling), soft tissue restriction (joint capsule or muscle tight), etc
HS flexibility
Test Position: Client supine with tester hand on ASIS, opposite leg remains extended
Why? To ensure there is no compensation from posterior pelvic tilt (ASIS should not move)
Knee extended: assesses HS flexibility 
Knee flexed: assesses hip joint ROM
 Expected/Functional ROM:
Without HS: 120 degrees (soft end feel due to thigh and stomach mass)
HS flexibility: 75-90 degrees
Hip flexor flexibility (Thomas test) / Hip Extension ROM
What is expected hip range of motion?
Expected ROM: 0-20 degrees extension
Demo and explain Thomas Test:
Test Position: Supine with hips/supported at 90 degrees flexion (pelvis neutral). ASIS palpated of tested LE. 
One LE falls while opposite LE remains supported by tester or client. 
Ensure pelvis remains stable – if anterior pelvic tilt occurs, further ROM is coming from the spine which may result in a false negative 
Normal Thomas Test findings: femur parallel to table
Functional ROM: 10 degrees required for normalized gait
What would be an abnormal finding on a Thomas Test? How would we interpret these findings?
Femur not parallel to table: one joint hip flexor tight
Knee unable to reach 90 degrees of flexion: one joint hip flexor (RF) tight
Lateral femoral drift: TFL or sartorius tight 
Hip Internal and External Rotation 
Test Position: Supine with hip and knee flexed to 90 degrees 
Expected/functional ROM: 
External rotation: 45 degrees
Internal rotation: 45 degrees
Normal arc of motion should be about 90 degrees when adding IR and ER. 
Note: it is not uncommon to see variation in ER/IR ROM, and therefore, identifying the entire arc of motion and symmetry side to side is a better metric of what constitutes WNL. 
How can we determine if available internal/external rotation is influenced by soft tissue restriction or position of femoral head within acetabulum?
Craig’s Test (assessment of femoral ante/retroversion). Excessive anteversion leads to increase IR and retroversion leads to increased ER.
Special Test for Hip Anteversion/Retroversion: Craig’s Test – NOT TESTED
What is the purpose of Craig’s Test? 
Assessment of femoral ante/retroversion
What is femoral anteversion/retroversion?
Describe the angle of torsion: the angle between the femoral neck and posterior femoral condyles in the transverse plane. 
Anteversion: femoral head and neck rotated anteriorly 
Retroversion: femoral head and neck rotated posteriorly
Demonstrate and describe measurement
Test Position: Prone with knee flexed to 90 degrees and hip neutral. Examiner stands on the opposite side of the LE being tested and palpates the Greater trochanter.
Technique: Examiner places hand on subject’s greater trochanter and rotates hip until GT is at most prominent position and parallel to the table surface. The angle between vertical (0*) and the tibia is then measured.
What is a normal degree of femoral ante/retroversion? What is considered excessive femoral anteversion? What is considered excessive femoral retroversion?
A normal angle is between 8-15 degrees of anteversion. 
Anything greater than 15 degrees is considered excessive femoral anteversion causing internal rotation at the hip and functionally lengthens LE. 
Femoral retroversion is when the angle is <10 degrees causing external rotation at the hip and functionally shortens LE.
The degree of rotation between the femoral neck and condyles determines the compensatory motion to ensure the alignment between the femur and the acetabulum. 
Can we increase ROM limitations due to femoral torsion?
No! We can stretch and strengthen muscles around the joint, but we cannot change bony anatomy
If we can’t change it, why do we care?
The impact of femoral torsion on functional limb length and frontal plane stability leads to imbalances in force at the knee, hip and spine. 
External rotation implications: Functional shortening of limb due to position of foot (unable to lock arch causing excessive pronation in externally rotated LE)
Internal rotation implications: Functional lengthening of limb due to position of foot (unable to relax arch causing excessive supination in internally rotated LE) 
Additionally, moment arm of glute med shortens (bc it is attached to the greater trochanter), placing the glute med at a mechanical disadvantage to stabilize pelvis
If we can’t change it, what can we do?
Shoe lift to level pelvic table, strengthen frontal plane stabilizers as needed and hip internal/external rotators to increase active strength and stability
Movement Analysis
Sumo squat
What are we looking for at the knee and the hip?
Adequate degree of knee and hip flexion and smooth, controlled movement
True hip flexion with an upright spine
Knees tracking in line with the second toe in the frontal plane, and to the end of the toes or just slightly beyond in the sagitta plane
Appropriate depth – femurs parallel to the ground
What are common movement faults at the hip and knee? 
Forward trunk lean 
 Knees track medial to the second toe
Asymmetrical lowering
Limited depth 
Excessive knee translation beyond toes OR excessive hip flexion due to decreased knee translation 
Single leg squat
What are we looking for at the knee and the hip?
Overall- frontal plane stability!
Level pelvic table throughout the movement 
Little to no weight shift over stance phase LE
Femur remains stable and knee tracks over second toe
Trunk remains stable in frontal plane (no lean) 
Knees reach toes, and hip flexes for appropriate depth (femur approx parallel to step)
Tibial shaft angle = Trunk angle (slight hip/trunk flexion is appropriate)
What are common movement faults?
Medial arch / big toe lift which decreases ability to activate stabilizers up the chain. 
Medial arch collapse alters LE loading up the chain.
Dynamic knee valgus (patella medial to 2nd toe)
Contralateral pelvic drop and/or femoral ADDuction
Ipsilateral trunk lean/rotation
Pelvic rotation and/or femoral IR
Limited depth (femur approx. parallel with step)
Tibial shaft angle > Trunk angle (quad dominant movement strategy)
Tibial shaft angle < Trunk angle (glute dominant movement strategy)
Gait 
What are we assessing in the frontal plane?
Is the pelvis staying level in stance phase?
Contralateral pelvic drop during stance phase might indicate glute or trunk weakness 
Is the trunk leaning or shifting over the stance phase leg?
Suggests compensation for insufficient strength in pelvic stabilizers
Is the patella facing forward? Are the toes facing forward?
Patella and/or toes turning in or out can suggest femoral or tibial torsion
Femoral anteversion/internal tibial torsion: toe-in gait
Femoral retroversion/external tibial torsion: toe-out gait
Arm swing should occur opposite arm and opposite leg throughout the gait cycle to assist with COM remaining within BOS on stance phase LE
What are we assessing in the sagittal plane?
Stance phase
Hip: Magnitude of hip flexion and extension should be similar like a pendulum at initial contact and toe off
Insufficient flexion: short step length
Insufficient extension: potential for excessive motion at the spine via extension, anterior pelvic tilt or rotation to compensate
Knee: extended at initial contact, slight flexion through stance phase
Hyperextension: could be due to lack of dorsiflexion or weakness of knee flexors/extensors 
Excess flexion: could be due to knee extensor weakness or tightness at hamstring/knee capsule
Swing phase: Combination of hip, knee flexion and ankle DF during swing to ensure foot clearance
Decreased hip and/or knee flexion and extension: short, shuffled steps 
Are step lengths equal? Is foot clearance equal?
Are heels within 2 inches of each other?
Wide base of support – could be due to impaired balance, fear of falling or weak frontal plane stabilizers
Evolutionary Mismatch
Describe the evolutionary mismatch related to changes at the knee and hip, and how it impacts frontal plane stability. 
What was the motivation/driver of evolutionary hip and knee changes?
As bipeds, but functional unipeds, efficiency and stability in single limb stance was necessary for our survival (walk further to find food with less energy required)
What primary differences can be observed between humans and their closest primate relatives at the hip and knee? 
In our evolutionary past (as functional quadrupeds) we had femurs that dropped straight down from the pelvis, the femoral condyles were less robust, and the articular surface of the patella was relatively flat. 
In order to facilitate stability on one leg, Homo sapiens developed a femoral obliquity angle (Q angle). This adaptation enables the foot to fall closer to midline and position the BOS beneath the COM. Additionally, femoral condyles increased in size and the shape of the patella became wedge shaped to fit more firmly within the intercondylar groove decreasing the likelihood of lateral dislocation.
What is the evolutionary mismatch at the knee, hip and pelvis?
The evolutionary mismatch of the knees, hips, and pelvis is that we did not evolve to stabilize heavy body masses on a single limb. In modern day culture, humans are larger and the muscle structures designed to support the frontal plane are weaker and frequently asked to do more than what they are capable of. In the evolutionary process toward bipedalism, muscular adaptation was not as significant as boney changes. In modern day culture, humans are larger and the muscle structures designed to support the frontal plane are weaker and frequently asked to do more than what they are capable of
In the evolutionary process toward bipedalism, muscular adaptation was not as significant as boney changes. We have retained a significant amount of adductor muscle mass and have correspondingly much less abductor musculature. 50+ million years of quadrupedal primate gait decreased the need for hip abductor strength. We needed the adductor muscles to cling to trees and climb. 
Cultural evolution has dramatically impacted modern man's body mass and body fat percentage. We have larger mass than ever as a species. These forces challenge our hip abductor stability strength in ways it is not capable of of handling. 
As such, anatomical structures of the knee are commonly injured. Patella, meniscal and ligament damage are frequent orthopedic pathologies seen in modern humans. These risks are increased as the forces of athletic competition are placed on our LE structure. 
Intervention / Treatment 
How can we train increased stability in a way that is truly unipedal? 
To truly train single leg stability, the secondary leg must be destabilized (via a band for assistance). When the rear foot is in contact with a stable surface, the contact of the rear foot creates a larger base of support and can assist in movement through ground reaction force. 
What are you looking for during a single leg exercise to ensure adequate form?
The focus should be to maintain a level pelvis, limit knee valgus, and keep the big toe, forefoot and heel, firmly in contact with the ground. The knee should reach the toes, and the trunk angle should be parallel to the angle of the tibia. 
Depth: femur approximately parallel to the step. Is the depth coming from the hip joint as it should be. 
Why would a sumo squat be preferred to a “regular” hip hinge squat?
More functional way to train lower body via compound movements while protecting the low back
How do we protect the low back? 
By externally rotating the femurs, we are able to clear the ilioinguinal ligament and prevent a posterior pelvic tilt/lumbar flexion with increased depth. Additionally, we can add resistance to challenge the lower extremities with an upright spine, preventing excess stress on back extensors (which are not meant to be prime movers) and loading the spine evenly while challenging leg muscles
What is the impact of the ilioinguinal ligament on the spine?
The ilioinguinal ligament runs between the ASIS and the pubic tubercle and plays a role in protecting the integrity of the femoral artery, vein and nerve structures in deep hip flexion. During extreme hip flexion in a narrow base of support, the femur contacts the ligament and further hip/trunk flexion is due to posterior pelvic tilt and lumbar flexion (the butt wink).

What are you looking for during a sumo squat to ensure adequate form?
Adequate degree of knee and hip flexion and smooth, symmetrical movement
Maintained upright spine
Knees tracking over the second toe
Appropriate depth – femurs parallel to the ground
Heels and great toe remain fixed to the ground throughout the ROM

[bookmark: _8dsc1rxixet1]Exercise List (with an intern): 
Practice setting-up and performing these exercises, and consider the following:
What muscles are targeted? 
When might you include these exercises in your intervention approach? 
How could you modify these exercises to make them easier, or more difficult?
What are some common movement errors or compensation patterns you might see?

1. Sumo squat
2. Step up/split squat
3. Hip hiker 

