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Risk factors for OA 1999

Impaired muscle function is a 
risk factor for OA development

ÅòReduced quadriceps strength relative to body 
weight may be a risk factor for knee OA in 
womenò

ÅòReduced functional performance in the lower 
extremity predicted radiographic OA 5 yrs laterò

ÅòQuadriceps weakness is an independent and 
modifiable risk factor for lower extremity OA, 
especially in womenò

ÅñThigh muscle strength does not appear to 
predict incident radiographic OA, but does seem 
to predict incident symptomatic knee OAò

Slemenda et al. Arthritis Rheum 1998, Thorstensson et al. Ann Rheum Dis 2004

Hootman et al. J Phys Act Health 2004, Segal et al. Arthritis Rheum 2009

Impaired muscle function is a 
risk factor for OA development

ÅñGreater quadriceps strength had no influence on 
cartilage loss at the tibiofemoral joint, including 
in malaligned knees

ÅWe report for the first time that greater 
quadriceps strength protected against cartilage 
loss at the lateral compartment of the 
patellofemoral joint, a finding that requires 
confirmation

ÅSubjects with greater quadriceps strength also 
had less knee pain and better physical function 
over followupò

Amin et al. Arthritis Rheum 2009
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Risk factors for OA 2009 Risk factors of knee OA

Å Age

Å Gender

Å Genetics

External factors

Å Overload

ÅBody weight

ÅWork

Å Sports

Å Injury (ACL, meniscii)

Internal factors

Å Neuromuscular function
ÅDynamic alignment, 3D

ÅStrength

Å Leg alignment
ÅStatic, 2D x - ray

Non -modifiable Modifiable

Prevention of knee OA

External factors

Å Overload

ÅBody weight

ÅWork

Å Sports

Å Injury (ACL, meniscii)

Internal factors

Å Neuromuscular function
ÅDynamic alignment, 3D

ÅStrength

Å Leg alignment
ÅStatic, 2D x - ray

Modifiable

Prevention of knee OA

External factors

Å Overload

ÅBody weight

ÅWork

Å Sports

Å Injury (ACL, meniscii)

Internal factors

Å Neuromuscular function
ÅDynamic alignment, 3D

ÅStrength

Å Leg alignment
ÅStatic, 2D x - ray

Modifiable

Prevention of knee OA

External factors

Å Overload

ÅBody weight

ÅWork

Å Sports

Å Injury (ACL, meniscii)

Internal factors

Å Neuromuscular function
ÅDynamic alignment, 3D

ÅStrength

Å Leg alignment
ÅStatic, 2D x - ray

Modifiable

Neuromuscular training may prevent 
knee injury

Injury prevention Injury treatment OA prevention

Neuromuscular

training V
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Neuromuscular training may prevent 
knee injury

Injury prevention Injury treatment OA prevention

Neuromuscular

training V

Neuromuscular

training V

Can neuromuscular training prevent 
knee OA after injury?

Injury prevention Injury treatment OA prevention

Neuromuscular

training V

Neuromuscular

training ?

Neuromuscular

training V

Neuromuscular training
biomechanical principles

Å Active movements in synergies of all joints in the 
extremity

(Putnam 1991)

Å Bilateral transfer effect of motor learning to the injured 
leg

(Kannus et al 1992, Dietz 1996)

Å Closed kinetic chains
(Palmitier et al 1991, Lutz et al 1993)

Å Postural function ïpostural reactions ïvoluntary 
movements

(Bouisset & Zattara 1987, Dietz 1996)

Å Postural control with dynamic alignment
(Palmitier et al, 1991)

Å Evenly distributed articular surface pressure by 
muscular coactivation

(Baratta et al 1988)

Neuromuscular training 
improves dynamic alignment

Wrong Neutral

Static
alignment

Neuromuscular training 
improves dynamic alignment

Wrong Neutral
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von Porat, BMC Musculoskeletal Disorders 2007

Knee adduction moment (KAM)

Å Significant relationships to:
Å in vivo measurement of medial compartment 

load

Å radiographic OA severity

Å knee pain

Å Longitudinal studies have shown:
Å KAM magnitudes linked to the development of 

knee pain

Å a 6.5 - fold increase in risk of disease 
progression for every one unit increase in KAM

Å KAM is a well -accepted surrogate 
measure to assess the effectiveness of 
OA treatment
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Neuromuscular training prevents 
knee injury

ÅNeutral dynamic alignment

ÅAwareness of high risk positions

ÅTechnique modification

ÅSports specific agilities

ÅProprioceptive and balance training

ÅPlyometrics

ÅStretching

ÅStrengthening

ÅAerobic conditioning

Renström et al. Br J Sports Med 2008
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Outcome: 
Knee adduction moment during one 
leg rise

Thorstensson et al. OAC 2007

Patients and methods

ÅN=11

ÅAge 53 yr (48 -63)

ÅBMI 25.5

ÅMost symptomatic knee

ÅMild OA (Kellgren & Lawrence grade I - II)

Å8 weeks supervised neuromuscular 
exercise
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Exercise twice weekly/8 weeks

Neuromuscular

control

Neutral

Neuromuscular training may 
decrease knee adduction moment

Å8 weeks training

Å13% decrease in knee adduction 
moment, p=0.04

ÅComparable to improvement from 
unloader orthoses

Å3- fold decrease in risk of disease 
progression

Thorstensson et al. Osteoarthritis & Cartilage 2007

12 weeks òknee controlò exercise 
program

von Porat et al. BMC Muskuloskeletal Disorders 2007

Neutral

Neuromuscular exercise may 
improve knee joint load

Å16 yrs post ACL - injury, n=12, 40 yrs

ÅDecrease in ground reaction force and 
improved knee flexion during step and hop 
activity

ÅBest effect in patients with Q -ceps 
weakness at baseline

ÅImproved self - reported function (KOOS)

von Porat et al. BMC Muskuloskeletal Disorders 2007
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Å RCT, n=45

Å Exercise vs. controls

Å Medial degenerative meniscus 
tear

Å Mean age=46

Å Exercise
Å 4 months

Å Offered 5 times/w, expected 
participation 3 times/w

Å One hour sessions

Å Individualized

Å Supervised by physical therapist

Can neuromuscular training 
improve cartilage quality in 
patients at high risk of OA?

Cartilage quality - dGEMRIC

Part 1. Warming up
Part 2. Flexibility and 
coordination

Part 3. Stretching Neuromuscular training program 

ÅExercise circle: Three 
(A,B,C) exercises 
alternately for 40 sec, 
20 sec rest

Å5 different exercise 
circles

Å3 levels

ÅIndividualized


