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PFPS most common

• Most prevalent knee 
disorder among 
adolescent and 
young- adult 
athletes. 

• 25% of all knee injuries 
in sports medicine 
clinics
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• PFPS 21%

• ITB syndrome 11%

• Plantar fasciitis 10%

• Meniscal pathology 6%

• Shin splints 6%

• Patellar tendonitis 6%

• Achilles tendonitis 6%

• Gluteus injuries 4%

• Tibial stress fractures 4%

• Spine injuries 3%

Most Common injuries in Runners

Tauton et al Br J Sports Med 2002

Orthopaedic Manual Physical Therapy Series 2017-2018                                                              www.vompti.com

• “Orthopedic Enigma”

• “Low Back Pain of the 
Lower Quarter”

• “Lochness Monster of 
the Knee”

• PFPS remains “the 
most vexatious 
clinical challenges 
in rehabilitative 
medicine”

• “Black Hole of 
Orthopedics”
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How do 
you 

treat 
PFPS?
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• Quad strengthening

• OKC exercise

• CKC exercise

• VMO strengthening

• ITB stretching

• Patellar mobs

• Biofeedback

• VMO/VL timing

• Taping

• Soft tissue mobilization –

ITB, lateral retinaculum

• Orthotics

• Neuromuscular re-ed

• Hip strengthening

• Lumbopelvic stabilization

• Ultrasound
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Diagnosis of Exclusion

IJSPT 2016
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Clinical Classification System
• To guide rx

• Poor reliability/validity

• Cluster of signs/symptoms to help guide 
treatment

• Functional Outcome Measures

• “Kinesiopathological Model” 

– Aberrant movement patterns can cause 
musculoskeletal dysfunction and pain.
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** Subjective Asterisks Signs/Symptoms **

• 46 yo female mom, recreational runner (10-15 miles/week), Exercise 

classes

• No specific mechanism : Increased exercise: Boot Camp class – Step ups, 

squats, lunges.  (2 weeks)

• Chief c/o:  Constant diffuse ® Anterior Knee Pain  (6/10)– Medial>lateral 

retinaculum; Inconsistent: Sharp inferior patellar pain (9/10)

• Aching with sit/driving > 10’, Sharp pain with Flexion 0-45 (squat, lunge, 

stair descend> ascend); aching constant.  Denies effusion, mechanical 

symptoms.  Prior history (B) anterior knee pain HS XC, ®ACL/Medial 

menisectomy – college IM soccer injury

• Unable to exercise/run- very apprehensive secondary to sharp severe pain 

with loading
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** Physical Exam “Asterisks” Signs/Symptoms **
• Hypertrophic Infrapatellar Fat pad – Acute on chronic

• Chronic VMO atrophy

• Lateral Patellar tilt, Patella Baja

• Very tender to palpate Infrapatellar fat pad > Lateral 

retinaculum

• Pain with end ROM EXT (hyper EXT)

• Apprehensive for all loading – including Bilateral squat 

(refused)

• Gait Analysis – Antalgic, Knee EXT  at terminal swing;  

dynamic valgus through loading response  terminal 

stance
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• Highly innervated tissues through knee

• Extremely high loads  .5 BW- walking; 7x 
BW- squatting

• Pain correlated with metabolic activity (+) 
bone scan

• Maltracking (PFJ) vs. Malalignment (LQ)

• Pain correlates with varus rotation in 
extension

• Idiopathic – diagnosis of exclusion
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• Cartilage

• Subchondral bone

• Synovium

• Retinaculum

• Infrapatellar fat pad

Clin Sports Med 2002
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Cartilage
• Hyaline – aneural

• Pts with normal cartilage P!

• Extensive damage P! free

• Pain free probing of Grade III 

chondromalacia (S Dye)

• Malalignment cause of 

chondromalacia

– P! from:

• Synovitis

• Effusion

• Mechanical loading



Property of VOMPTI, LLC

For Use of Participants Only.  No Use or 
Reproduction Without Consent 6

Orthopaedic Manual Physical Therapy Series 2017-2018                                                              www.vompti.com

Subchondral Bone
• Rich n. supply

• Increased 

compression 

with decreased 

contact area 

– Increased patellar venous 

engorgement/pressure

• Increased metabolic 

activity (+ Bone Scan)
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• Injected saline patellar facet

• Increased intraosseous pressure = 

“severe lancinating patellar pain”

• (+) Bone Scan x 14 weeks

• Sx resolution 7 months
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• 20 PFPS patients

• Bone Scan

• Increased tracer uptake in 85% of the painful 

knees examined

• Correlation between increasing tracer uptake 

and increasing pain intensity

• Patellofemoral pain may be related 

to bone metabolic activity
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Synovium
• Rich N. supply – FNEs

• Painful stimuli of 
synovium and plica 
resulted in decr quad 
activity

• Impingement of plica

– Thickened, inflamed medial 
or suprapatellar plica 
between the patella and 
fem condyle
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Patellar facet

Plica

Femoral condyle
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Retinaculum• FNEs – lateral and 
medially

• Substance P and Neural 
Growth Factor

– Stimulates neural 
sprouting

– Increased sensitivity to 
FNEs

• Histological changes

– Hyperinnervation

– Neovascularization
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• Histological changes in lateral retinaculum

• Neural in growth
– Myelinated and unmyelinated n. fibers

– Substance P
• Primary nociceptive neurotransmitter -> Enhances 

pain sensitivity

• Hyperinnervation, neovascularization - Neuroma

• Secondary to chronic lateral patellar 
subluxation, shortened lateral 
retinaculum, incr contact forces at fem 
trochlea
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• Anatomic Factors

• Physiological 
Factors

• Kinematic Factors

• Treatment Factors
– Biopsychosocial

Homeostasis = Load Acceptance
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Infra Patellar Fat Pad

Extra synovial

Intra capsular

Between patellar  

tendon & 

synovial 

membrane
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Infrapatellar Fat Pad
• Rich N. supply – FNEs

• Rich vascular supply

• Impingement with ecc 

loading

• Compression inferior pole 

patella with terminal 

knee extension  -

recurvatum/hyperextension

• Chronic synovial irritation = 

swelling fat pad

• Lateral retinacular tightness = 

increased tension on fat pad
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• Flexion: Fat Pad 
moves posteriorly

• Extension Fat Pad 
moves anteriorly

• Adhesions/scarring 
alter movement

• Patella Baja
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• Arthroscopic probing of various 
structures within the knee

• 0 (no sensation) to 4 (severe pain)

Dye SF AJSM 1998
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• Results:
– Patellar articular cartilage  (central ridge, 

med/lateral facets) 0 with 500g force

– Grade II, III chrondromalcia: no pain

– Infrapatellar Fat Pad; Synovium; Suprapatellar 
bursa, Capsule, Retinaculum: Moderate to 
severe pain with low force

– Articular surfaces fem condyle, trochlea, tibial 
plateau: slight discomfort
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• “ … penetration of the unanesthetized anterior 

synovium and fat pad region during the initial 

examination of the right knee produced severe 

pain that elicited involuntary verbal 

exclamations from the subject and nearly 

resulted in cessation of the study”
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Retinaculum

Infrapatellar fat pad

Synovium
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Suprapatellar bursa

Capsule
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• Lower PPT

• Hyperalgesia
– Local @ patella

– Remote (right forearm)

• Reduced capacity to detect light touch at patella

• Suggest females with PFPS demonstrate Central 
Sensitization

• Altered biomechanics correlate to hyperalgesia and 
pain
– Significant relationship between knee frontal plane 

motion and PPT values in PFPS group 
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MSK Injury 
• Altered Central processing of pain  Central Sensitization

• Not just local connective tissue damage

• Multisystem

– Connective tissue changes

– Inflammatory

– Neuroplasticity of Nocioceptive pathways

• Local Sensory changes  Proprioceptive changes, Neuromuscular 

dysfunction

• Local Muscle activation/Strength deficits

• Chronic Overloading (repetitive stress)

Courtney CA JMMT 2011
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• Knee Pain

– Central Sensitization

– Impaired Descending pain modulation

• Local Hyperalgesia (increased receptor field)

– Altered Nocioceptive Processing

– Sensory 

• Proprioceptive dysfunction

• Activation/strength changes

– Resultant Neuromuscular dysfunction
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• Anterior knee pain (injection fat pad) – Quad output/motor pool recruitment

• Anticipation of pain (FEAR)  No nocioception, only descending afferent input

– Reduced Motor output was observed during both anticipation and pain; 

changes in motor unit recruitment persisted after pain ceased.

• CNS uses a different motor unit recruitment strategy to achieve the same force 

output during pain and anticipation of pain

Changes in motor recruitment with anticipation of 

pain persisted following resolution of pain
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What is your Primary Treatment 
Objective after Initial Evaluation?

• Education:  Decrease Apprehension/FEAR/anxiety –
Anatomy/Pathology; past clinical successes; 
Evidence for treatment plan; Activity 
modification – pain free exercise (non impact). 

• Manual Therapy (pain relief): Patellar mobs –
superior, medial; Tib-Fem mobs (unload fat pad) 
STM – lateral tissue/ITB insertion;  (? Trial taping 
– superior tilt, fat pad unload)

• Exercise Prescription : Quad activation/timing (? 
NMES) – Terminal Knee EXT
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Quadriceps force

• Closed Chain

– Quad force decreases with EXT

• Open chain

– Quadriceps force increases with 

EXT

• FES/NMES
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• Correlation with 

patellar maltracking

• VL:VM ratio imbalance

• Subset of patients

• Accurate classification
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• Medial/Lateral glide Patellar taping shifted the patella inferiorly 

• Taping medialized the patella in participants who demonstrated lateral 

displacement at baseline

• Taping lateralized the patella in participants who demonstrated medial 

patellar displacement at baseline

• Reinforces the need to clinically identify the specific alterations in 

patellofemoral kinematics present in each patient so that specific 

interventions can be used and optimized to correct these altered 

kinematics and reduce pain

Increase in PF contact area
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• Assess

• Specifically Address 
component:

–Tilt

–Glide
• Medial/Lateral

• Superior/Inferior

–Rotation

• Re assess functional 
(Step down)
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Fat Pad 
Unloading; 

Superior tilt

Dynamic Taping

• Asses – Re Assess
• Provocation
• Functional Mvt
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Manual Therapy
• STM – Lateralis, 

Retinaculum, ITB, 

Quad tendon; 

Patellar tendon; 

Infra patellar Fat 

Pad

• Patellar mobilizations

• Tib- Fem mobilizations

• Self STM- ITB (Foam 

Roll)
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• PFPS patients

• Control – no treatment

• Treatment group
– Transverse friction to lateral retinaculum

– PF tilt mobilizations

– Medial patellar glide mobilizations with movement

• Improved active knee flexion

• Improved stair climbing

• Decreased pain
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• Flexion: Fat Pad 
moves posteriorly

• Extension Fat Pad 
moves anteriorly

• Adhesions/scarring 
alter movement

• Patella Baja
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• Delayed peak Rearfoot 

EVR

• Greater rearfoot EVR at 

initial contact

• Increased Navicular drop 

(greater midfoot 

mobility)

• Greater EVR correlated 

with Incr Tib IR, Hip 

ADD

• Limited TC DF (runners)
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Conclusions:
– Delayed timing of peak rear foot EVR

– Incr rear foot EVR at HS

– Incr Hip ADD

“…clear need for prospective evaluation of kinematic gait characteristics 
in a PFPS population to distinguish between cause and effect.”

“Future PFPS case–control studies should consider evaluating kinematics 
of the knee, hip and foot/ankle simultaneously with larger participant 
numbers”
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• Injured runners use a 
significantly greater 
percentage of available 
pronation ROM.

“Eversion Buffer”
• Defining excessive pronation in 

the context of the joints' 
available ROM may be a better 
method of defining excessive 
pronation and distinguishing 
those at risk for injury.
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• OTC Inserts greater short to medium term (6 week) 

improvements – pain/function

• Orthotics + Physical Therapy improvements in function (6, 12, 

52 weeks) – limited evidence

• Reduce Transverse plane knee rotation – loading response 

(limited evidence)

• ? Benefit most

Barton CJ Sports Med 2010
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• Static measures do not 
correlate with 
dynamic gait

• Greater Rear Foot EVR 
evaluated dynamically 
(instrumented gait 
analysis) predicted 
success with OTC 
inserts in patients with 
PFPS
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• OTC Inserts produced significant improvements –

Pain/Function

• Functional Test Improvements 

– Reduce Pain Single leg Squat

– Incr # Pain free single leg sit  stand

– Incr success with functional tests 

correlated with more pronated foot type
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• PFPS patients

• Greater Rearfoot EVR 
ROM correlated with 

–Greater Hip ADD peak 
and ROM

–Greater Tibial INT Rot

• Addressing entire 
kinetic chain

• “Regional 
Interdependence”
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PFPS patients demonstrate 
– Altered Hip kinematics (run/jump/land)

– Increased frontal plane motion

– Altered transverse plane motion

– Decreased Hip ABD/EXT ROT strength

– Altered Glut Medius/Maximus NM activity 
(run/land/descend stairs)

Excessive Fem IR results in 

• Increased lateral patellar displacement/tilt 

• Increased PF stress

Orthopaedic Manual Physical Therapy Series 2017-2018                                                               www.vompti.com

Functional Biomechanical Screen
(able to tolerate following 3 visits)

• Pain with sit to stand; Squat > 60, Return from 
squat – Dynamic valgus (concentric and 
eccentric)

• Single leg squat – Compensated Trendelenberg, 
Femoral ADD/IR; @ Extension -
recurvatum/hyperextension (+ pain)

• Step down – Compensated Trendelenberg, 
Femoral ADD/IR

• Gait analysis – Anterior pelvic tilt; Dynamic 
valgus loading through stance  terminal 
stance (walking)
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• Lateral 

subluxation in 

closed chain 

due to femur 

internally 

rotating under 

stable patella
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• Lateral 

subluxation 

in open chain 

due to patella 

rotating 

under stable 

femur
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• Larger More heterogeneous 

sample

• Females with PFPS > Lateral 

displacement, Lateral Tilt 

(patella)

• > Medial Femoral Rotation

• > closer to 0 degrees flexion

JOSPT 2010
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– Strong evidence was found for a deficit in hip external 

rotation, abduction and extension strength

– Moderate evidence for a deficit in hip flexion and internal rotation 
strength

– No evidence for a deficit in hip adduction strength compared with 
healthy controls

– No evidence for a decrease in hip extension, flexion, adduction and 
internal rotation strength compared with the unaffected side
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• Compared to control subjects, females with 

PFPS descend stairs with the knee in a 

more flexed position and have the hip in a 

more adducted and internally rotated 

position, at foot contact during stair 

stepping JOSPT Sept 2010
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Conclusion: 

Trunk side flexion strength and neuromotor control of 
the GM are affected in people with PFP. 

Delayed vastus medialis obliquus relative to vastus 
lateralis.

Results:  
Stair-stepping 
Delay in activation of both anterior and posterior GM 
Alteration in Vasti control .
Trunk side flexion strength was significantly less 

(29%) in individuals with PFP .
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Clinical Classification
• Classify patient

– Subjective History

– Objective Examination

– Functional Biomechanical Screen

• PF maltracking (local)

• LQ malalignment (proximal > distal)

– Guide Treatment Interventions

– Functional Objective Outcome Measures
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Treatment Progression

• Lumbopelvic Stability – proximal stability

• Activation – Gluts – facilitate medius

• Lower Quarter Alignment 

– Neuromuscular  Re-education

• Progress Functional

• Progress Sport Specific – Gait Re training
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• PFPS Group altered trunk activation patterns

• PFPS Group: 

– Glut Medius contracted later

– Erectors, TrA/IO contracted first and prolonged
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• Increased Hip Int ROT

• No difference:  Loading, Strength, Peak Hip ADD

• Correlation between Decreased Trunk Endurance and 

Hip Int ROT

• Decr Trunk endurance may lead to running related 

injuries

• Rehab implications: Trunk endurance and NM 

control versus Hip strength
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• Prospective

• Participants that developed PFPS demonstrated 

INCREASED Hip ABD strength (not knee flexion/ext 

differences)

• Increased Hip ADD/dynamic valgus with loading 

mechanics

• Increased eccentric ABD activation to control 

pathomechanics

• ? Compensatory pattern fails (overloaded/decreased 

endurance)  PFPS
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Neuromuscular Re- Education

– Improving performance measures 

of Speed, Strength, Power

– Improve shock absorption

– Improve Active joint stabilization

– Improve Muscle imbalances

– Improve Functional biomechanics
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Neuromuscular Re-Education
Motor Learning

• Unconscious Incompetence

• Conscious Incompetence

• Conscious Competence

• Unconscious Competence
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• Significant reduction 

– Hip ADD - running

– Contralateral pelvic drop – running

– Pain

– Function (LEFI)

– Reduction avg. vertical load rates 20%

– Maintained at 1 month follow up

– Hip IR (23%)

– Hip ADD (17%) single leg squat

Orthopaedic Manual Physical Therapy Series 2017-2018                                                              www.vompti.com

• Gait Re training – Mirror

• Significant Improvements 
in

– Pain

– Function

– Hip IR/ADD

• Improvement in Central 
Processing

– NM improvements

• SL Squat

• Step Down

• Maintained for 3 months
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• Increased step rate 10%:

• 34% Decrease in energy 

absorbed at the knee

• Decreased step length

• IC: Heel closer to COM

• Decreased braking impulse

• Decreased knee flexion

• Increased leg stiffness

• Decreased Hip ADD

• Decreased COM vertical excursion
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• Increased step rate 10%

• Reduced PF forces 14%

• Decreased Hip, Knee 

Ankle Extensor; Hip ABD 

forces @ mid stance

• Decreased peak knee 

flexion 

– Most predictive of reduced 

PF loading Lenhart RL MSSE 2013 
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http://patellofemoral.completesportscare.com.au/wp-
content/uploads/2014/11/Managing-my-patellofemoral-pain_education_single-sheets.pdf
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