
Property of VOMPTI, LLC

For Use of Participants Only.  No Use or 
Reproduction Without Consent 1

www.vompti.com

Orthopaedic Manual Physical Therapy Series 2017-2018

Orthopaedic Manual Physical Therapy Series
Charlottesville 2017-2018

THE KNEE

Michael McMurray PT, DPT, OCS, FAAOMPT

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



Property of VOMPTI, LLC

For Use of Participants Only.  No Use or 
Reproduction Without Consent 2

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

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



Property of VOMPTI, LLC

For Use of Participants Only.  No Use or 
Reproduction Without Consent 3

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

Anterior Cruciate Ligament

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

ACL

• 148714  reconstructions in 

2013 

• 70% non contact

• Account for more than $500 million in 
healthcare costs per year

• Females 2.4 - 9.7x

http://youtu.be/fMA6F4X5aYQ
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Anatomy
• Originates at posteromedial

corner of the medial side of 
the lateral femoral condyle, 
attaches in a fossa
anterolateral to the tibial
spine 

• Function:

– Limits anterior tibial
translation (85% at 30/90 
degrees)

– Secondary limitation of 
tibial IR, varus/valgus

– Ultimate strength of a 
native ACL is ~2000N
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• Anteromedial bundle
– Tight throughout flexion
– Anterior instability
– Smaller

• Posterolateral bundle 
– Tight in extension
– Greatest restraint to anterior 

translation from ext to 20deg 
flexion

– Rotary instability
– Larger

• Both
– Secondary restraint to 

varus/valgus/tibial IR
– Primary restraint to valgus

force when MCL unable
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• Innervation:

• Posterior articular branches of the tibial nerve

• Vascularization

• Branches of the middle genicular artery

• Infrapatellar Fat pad

• Synovium
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ACL
• Injury Mechanism: 

– Acceleration/deceleration at full extension 
or slight flexion (Excess Quad, Decr HS 
activation); coupled with tibial rotation

– CKC IR/Valgus without HS co contraction

– Medial tibial rotation
• ACL winds around 

PCL

– Lateral tibial

rotation
• ACL stretches over 

lateral condyle

http://youtu.be/oHgu5e9K3Ww
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Rehab Before ACL Reconstruction?

• 6 week prehabilitation program prior to 
ACLR resulted in significantly increased 
KOOS scores and increased hop tests which 
remained 12 weeks after surgery compared 
to a control group
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• The healing process
– It’s  a dead piece of tissue!
– Graft needs to be re-vascularized

• “Ligamentization” occurs

– Vascular synovial layer wraps around graft in 4-6 weeks

• Autologous ACL grafts don’t transition through necrotic stage

• Weakest link fixation 4-6 weeks

• Soft tissue graft to bone: 12 weeks

• Bone autograft to bone: 8 weeks

• Complete re-vascularization

of the graft takes ~20 weeks

• Remodeling occurs:

– By one year histological and 

biochemical properties of 

ACLR  ≈ native ACL
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Healing Rate of Tissues

• Times affected by age, comorbities, etc
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Prevention

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

http://www.aclprevent.com/index.htm
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• Investigated 14 years after ACL Repair
• Control was contralateral healthy knee
• Risk factors investigated for OA:  

– Weight
– Other injuries
– Sex
– Age
– Time between injury and repair
– Graft type

• Graft type and time between injury and repair were not factors
• Meniscal resection was a significant risk factor
• 3 fold increase in OA in surgical knee vs control

– Mostly medial compartment
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REHABILITATION
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• Seated Knee Extension
– Peak strain 3.2%-4.4% occurring at 10-30deg of knee flexion
– Increases ~1% with 10lb weight
– Increases 2x if weight placed at ankle vs prox tibia

• Seated Knee Flexion
– No strain

• Single or Double Knee Squats
– Minimal or no strain
– No change with weight
– If squat on toes is over 3x more loading through ACL
– With trunk flexion of 30-40deg decreased load on ACL vs upright posture
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• Forward/Side Lunges
– ACL loading is minimal

• Leg Press
– Minimal to no loading
– No change with increased weight or different foot 

positions (high or low/wide or narrow)

• Bicycling
– Peak strain 1.2%-2.1%

• Lachman produced 3-3.5% strain

• Plyometric
– 250N force with double leg jump from 60cm 

platform
• Similar to load from seated knee extension
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• For both NWB and WB greater loading occurs 
at lower knee flexion angles (10-30deg)

– Decreases from 30-60deg of knee flexion

– None at above 60deg of knee flexion

• NWB exercises produce significantly more load 
on ACL than WB in same range of motion

• Use a forward trunk lean of 30-40deg with all 
WB therex

– Increases HS recruitment to unload ACL

• Anterior knee translation beyond toes (>8cm) 
increases ACL load
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Goals:
Full knee extension immediately

Hyperextension returned equal 
to other side by week 2

Restore Patellar Mobility
Reduce post op inflammation
Range of Motion

0-90deg 5-7days post op
0-100deg 7-10 days post op

Reestablish voluntary quad control
NMES

Restore Neuromuscular control
Proprioceptive training by week 2

By Graft Type:
Less aggressive with soft tissue grafts

Return to running,plyo and 
sports is slower

Slower to aggressive activities for allograft vs
autograft

Increased healing time due 
to longer for fixation of soft 
tissue as it heals in bone 
tunnel
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• With this protocol
• 75% of patients had knee function w/i normal ranges at 6mo

– 87% by 1 year

• 40% of preoperative “non copers” passed return to sport by 
6mo
– 73% by 12mo

• 90% or above on self report outcome questionnaires
– 70% at 3mo

– 92.5% at 6mo

• Quad strength ~90% by 6mo post op
– Typically 80% at 6 mo
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• Running Progression

– Starts at 8 weeks if

• Quad strength 80% of uninvolved side

• Trace effusion

• Understanding of soreness rules

• Full AROM

• Normal gait
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• More specific goals for each phase of rehab 
and specific return to sport guidelines

• Addition of guidelines for concomitant 
injuries

– Ligamentous, meniscal or chondral
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• JOSPT Patient 
Perspective 

– December 2014
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• Recommendations:
– Less than 10% deficit in strength of QS vs HS on isokinetic at 

180 and 300deg/sec
– Less than 15% deficit in symmetry on single leg hop testing

• Single hop, triple hop, crossover hop, timed hop

– Less than 3mm increased A-P tibial displacement on Lachman
or arthrometer testing

– Greater than 60% knee separation distance on video drop-
jump test

– No effusion
– Normal ROM/patellar mobility
– No or slight patellar crepitus
– No pain or swelling with all activities
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Less 
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• Lateral aspect of medial 
femoral condyle to 
posterior tibial spine

• Anterolateral bundle and 
Posteromedial bundle

– Anterolateral
• Larger (95%)

• Tight in flexion

– Posteromedial
• Smaller (5%)

• Tight in extension

Anatomy Anterior View
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Posterior View
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• Function:  Limits….

– Posterior Tibial translation (primary – 90%)

• In full extension bears ~93%of posterior directed 
force

• Most important at 70-90deg of flexion due to laxity 
of secondary restraints (MCL, popliteus, capsule)

– Ext Rot tibia (secondary)

– 90% multi lig injury
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Injury Mechanism

– MVA 

• “Dashboard injury”

– Contact sports

• Fall on a bent knee 
with their foot plantar 
flexed. The tibia hits 
the ground first and it 
translates posteriorly. 

• Hyper flexion in 
external rotation
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Treatment

• Non Operative

– Indicated for:

• Grade I-II isolated tears

• Non displaced grade II avulsion from tibia

– Brace immobilization x2-4weeks

– Focus on ROM, quad activation and limiting HS 
overactivity initially progressing to closed chain 
strengthening/proprioception/quad strength

– Slow progression compared to ACL
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Treatment

• Operative

– Indicated for:
• All grade III injuries; 

either isolated or with 
combined instability

• Bony avulsion that 
requires ORIF

• Some isolated grade II 
lesions in high demand 
athletes
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MEDIAL COLLATERAL LIGAMENT
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Anatomy
• Medial aspect femur 

(proximal-posterior to 
medial femoral epicondyle) 
courses distal and attaches 
anterior to  posteriomedial 
tibial crest, distal to medial 
tibial plateau

• 3 tissue layers
– Superficial
– Deep
– Posterior Oblique

• Multiple connections to 
joint capsule, med 
meniscus, muscle-tendon 
units
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Anatomy

Superficial

Deep
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Anatomy

Posterior Oblique
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MCL Function
• 57% Valgus stability at 5 degrees knee flexion

• 78% Valgus stability at 25 degrees knee flexion

– Due to decreased contribution from posterior 
capsule
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MCL

• Valgus blow

• CKC - plant/cut valgus stress

• 7.9% of all athletic injuries

– Most common NFL/alpine skiing

– Second in collegiate hockey, 
women's rugby

• Grade III injury ~80% 
concomitant lig injury 

– 95% of the time ACL

http://www.flickr.com/photos/devereau1976/6486866601/
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MCL
• Treatment guidelines

– Grade I/II
– Non operative

• Rest/ice
• Hinged brace
• Early ROM – Strength/Proprioception
• Early weightbearing
• Avg. return to football 20 days (grade II)
• 74% return to pre injury activity level at 3mo

• Grade III
– Rx – controversial

• Most treated non operatively 
– Indications for surgery 

» Avulsion fx with bony fragment
» Laxity affecting sports performance/daily activities
» Consistently positive stress radiographs for MCL

• ACL + MCL (standard of care reconstruct ACL, not MCL)
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MCL Bracing
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LATERAL COLLATERAL LIGAMENT
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Anatomy
• Attaches equidistant from posterior 

and distal border of lateral femoral 
condyle and distally to superior and 
lateral facing V-shaped plateau on 
the fibular head

• Function
– Resists varus force @ 0 and 30 degrees

• 55% of varus load at 5deg
– Posterior lateral capsule 13% ,ITB 5%, 

cruciate ligs the remaining amount

• 69% of varus load at 25deg
– Posterior structures on slack in flexion-

preferred test

– Secondary:  limit ER of a flexed knee 
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LCL

• Injury Mechanism:

– Least commonly 
injured knee ligament

– Incidence of 4%

– Usually with a soft 
tissue avulsion off prox
femur or bony avulsion 
off fibular head

– Typically with more 
extensive PLC injury

www.vompti.com

Orthopaedic Manual Physical Therapy Series 2017-2018

Orthopaedic Manual Physical Therapy Series
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POSTEROLATERAL CORNER

(PLC)



Property of VOMPTI, LLC

For Use of Participants Only.  No Use or 
Reproduction Without Consent 41

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

Anatomy

• Muscles:
– Popliteus
– Lateral Head of 

Gastrocnemius

– Short head of 

Biceps Femoris

• Ligaments:
– Fibular Collateral Lig
– Arcuate Ligament

• Misc:

– Lateral Meniscus

– Lateral Retinaculum
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• One of the most common multi-ligament injuries
• Isolated injuries to PLC 1.6% of all ligament injuries
• Concomitant PLC and other ligament injury: 43-80%

– Vehicular Trauma: 64%
– Athletic Injury:  46%

• Commonly missed with failed ACL
• Prevents:

– Primary:
• Varus
• Tibial ER

– Secondary
• Assists PCL with posterior tibial translation (30 degrees)
• Hyperextension
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PLC

• Injury Mechanism:
– Blow to anteromedial

aspect tibia near or at 
full extension

– Forced 
hyperextension/varus

– Valgus force on flexed 
knee

– Severe tibial ER in 
flex or extension
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Treatment

• Grade I and II

– Good results non-operatively

• Grade III

– Good results operatively if performed within 
3weeks of injury

• Better success operatively of acute vs
chronic injuries

http://www.aclsurgeryrecovery.net/wp-content/uploads/2011/10/ACL-Injury-Symptoms.jpg
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Non Operative Treatment
• Phase I

– Edema management
– QS activation
– ROM return

• Phase II
– Gait mechanics
– Increase strength

• QS, HS, GS, Popliteus, Hip, Lumbopelvic

• Phase III
– Neuromuscular control
– Control of varus and tibial ER at increased angles of knee 

flexion

• Phase IV
– Sport specific training
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Post Operative Treatment
• NWB x6weeks 

– Immobilizer locked out for 1-2 weeks

• ROM
– 0-90 in 2 weeks

– Full in 6weeks

• Full body squats permitted at 12weeks

• Until 4 months, no….
– CKC therex at greater than 70deg knee flexion

– Tibial ER

– Resisted or repetitive HS in knee flexion
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Meniscus

• Second most common knee injury

– Incidence of 12-14%

• 10-20% of all orthopaedic surgeries in US 
involve meniscus

– 850000 patients a year
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Anatomy

• Lateral 

– Circular

– More mobile than medial

– Connected to:

• medial meniscus anteriorly by transverse lig

• patella by patellomeniscal lig

• posteriorly to popliteus mm and PCL 

• medial femoral condyle by meniscofemoral lig
(Ligament of Wrisberg)
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Anatomy

• Medial 

– C shaped

– Less mobile

– Connected to 

• transverse and meniscofemoral ligs like lateral

• semimembranosus mm

• anterior horn attached to ACL 

• posterior horn to PCL

//upload.wikimedia.org/wikipedia/commons/a/a8/Gray349.png
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Anatomy

• Cover 2/3 of tibial plateau

• Red Zone:  lateral 1/3

– Good blood supply from capsular arteries

• White Zone:  remaining 2/3

– Poor blood supply
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Function

• Load transmission
– Manage 70% of load across knee during activities

• Shock absorption
• Stability
• Congruence
• Proprioceptive
• Transmit joint compressive forces

– 50% EXT
– 85% @ 90 degrees

• During flexion move posteriorly, extension move anteriorly
• During rotation, follow motion of femur

– Most likely due to meniscofemoral ligs
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• Semimembranosus and Popliteus pull on medial 
and lateral meniscus during flexion of the knee
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Meniscal Repair

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

Flap Tear Repair

Radial Tear Repair
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Meniscal Transplantation
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Rehab

• Dependent on type and location of 
repair/transplant
– Physician directed

• Generally
– Long leg brace x6 weeks

– Restricted weight bearing atleast 3 weeks

– Flexion ROM restricted to 90 week 1, 120 week 4, 
135 week 6

– Biking week 7, straight running month 4, cutting 
month 5, return to sport month 5
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Articular Cartilage 

• Incidence
– 60-70%

• Isolated 30%

• Non isolated 70%

• Most commonly at medial femoral condyle 
and patella articular surface

• Medial meniscus tears and ACL rupture 
most common concomitant injuries
– 37% and 36%
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Anatomy
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Through Subchondral Plate
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Treatment Options

• Conservative/Palliative

– Debridement/Lavage

• Reparative

– Subchondral Drilling

– Microfracture

• Restorative

– OATS

– ACI/MACI
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Treatment Options

• Debridement/Lavage

• Marrow Stimulating

• Autologous Chondrocyte Implantation

• Osteochondral Grafting
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Micro fracture

• Marrow stimulation 
technique

• Most common

• Simple, safe, cheap

• Injury/inflammatory 
response

• Fibrous Clot formed

• < 2-4 cm lesion
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Successful Outcome

1. Remove calcified cartilage layer – Do not abrade 
subchondral bone

2. Penetrate Subchondral bone (awl) with 1-2 mm between 
to allow soft tissue in growth to adhere

3. Maintain post op ROM (CPM)

4. Post op – partial weight bearing (50% x 6 weeks)

5.    Realignment/stabilizing procedure concurrently – DJD,      
Patellar tracking, ligt repair/reconstruction

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

OATS/Mosaicplasty
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Autologous Chondrocyte Implantation (ACI)

• 2 surgical stages:

– Chondral biopsy

– Implantation of cells into lesion

• Full thickness lesions – Femoral 
condyle, trochlear groove

• Unipolar lesions

• <50 yrs old

• Larger lesions 2-8 cm

• Normal alignment/stability

• Hyaline cartilage = Better Outcomes?



Property of VOMPTI, LLC

For Use of Participants Only.  No Use or 
Reproduction Without Consent 60

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

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

Matrix Induced ACI

• ACI surgery but without periosteum harvest

• 2 stage surgery

– Harvest of cells

– Implantation of membrane

• Use fibrin glue to adhere membrane
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• Graft Healing 
Course 
Following 
MACI
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Summary

• Improved outcomes for <30yo

• Improved outcomes for more active individuals

• For lesions >4cm, better outcomes with ACI or 
MACI

• All surgical interventions showed improved 
outcome measures short and long term

• Return to sport fastest with OATS (7mo), 
longest with ACI (18-25mo)

• Lack of conclusive research on best approach
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Phases of Healing and Rehab

• Biologic Phase

– Phase I
• Graft integration and 

stimulation

– Phase II 
• Matrix production and 

organization

– Phase III
• Repair cartilage 

maturation and 
adaptation

• Rehab Phase

– Phase I
• Protection and joint 

activation

– Phase II
• Progressive loading and 

functional joint 
restoration

– Phase III
• Activity restoration
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Rehabilitation

• Phase I

– Protection and Joint Activation

• Weeks 1-6

• Effusion control

• Partial weightbearing

• NMES/Quad activation therex

• Gradual improving ROM
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Rehabilitation

• Phase II

– Progressive loading and functional joint 
restoration

• Week 6-6month

• Full ROM/weightbearing

• Progress proprioceptive training

• Progress concentric to eccentric and static to 
dynamic strengthening and neuromuscular control

• Introduce progressive plyometrics /loading activities
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Rehabilitation

• Phase III

– Activity restoration

• Sport specific/on field rehab

• 6-18 months (depending procedure, graft size, 
healing via imaging)
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• Excellent resource for rehabilitation 
protocol and progression


