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Conservative biomechanical strategies  
for knee osteoarthritis
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abstract | Knee osteoarthritis (OA) is one of the most prevalent forms of this disease, with the medial 
compartment most commonly affected. The direction of external forces and limb orientation during walking 
results in an adduction moment that acts around the knee, and this parameter is regarded as a surrogate 
measure of medial knee compression. The knee adduction moment is intimately linked with the development 
and progression of knee OA and is, therefore, a target for conservative biomechanical intervention strategies, 
which are the focus of this Review. We examine the evidence for walking barefoot and the use of lateral wedge 
insoles and thin-soled, flexible shoes to reduce the knee adduction moment in patients with OA. We review 
strategies that directly affect the gait, such as walking with the foot externally rotated (‘toe-out gait’), using a 
cane, lateral trunk sway and gait retraining. Valgus knee braces and muscle strengthening are also discussed 
for their effect upon reducing the knee adduction moment.
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Introduction
osteoarthritis (oa) is the most common joint dis order 
and estimated to affect just over 20 million adults in the 
usa.1 Knee oa is one of the most prevalent forms of 
this degenerative joint disease1–3 and is associated with 
pain, functional impairment and a high economic cost.4,5 

the medial tibiofemoral compartment of the knee is 
most commonly affected by oa6,7 and this predilection 
probably reflects the loading experienced during daily 
locomotor activities.

the integral role of biomechanical factors in the develop­
ment and progression of oa, especially of the lower limb, is 
becoming widely acknowledged.8–10 throughout the entire 
stance phase of walking, an external adduction moment 
acts around the knee joint, which tends to rotate the tibia 
medially with respect to the femur in the frontal plane 
(Figure 1a).11,12 this external knee adduction moment 
is primarily caused by a medially acting ground reaction 
force, which is present during level walking and other loco­
motor paradigms, such as stair negotiation (Figure 1a).13–16 
the magnitude of the knee adduction moment is influ­
enced by the magnitude of the ground reaction force, 
the moment arm of the ground reaction force about the 
knee joint center (defined as the perpendicular distance 
between the action line of this force and the knee’s center 
of rotation), and the mass and acceleration of lower limb 
segments (Figure 1a). a high knee adduction moment 
reflects increased compressive forces acting on the medial 
aspect of the knee and is widely regarded as a surrogate 
measure of medial knee compression.17–20

varus knee alignment (Figure 1b) has been reported 
as one of the best predictors of a high knee adduction 
moment.21 studies in patients with oa have calculated 
the coefficient of correlation as 0.52,22 0.6123 or 0.7524 
between varus knee alignment and the peak knee adduc­
tion moment during walking. in line with this association, 
patients with moderate­to­severe oa show an increased 
varus knee alignment of between 2° and 6° compared 
with patients with mild to moderate symptoms.22,24–27 in 
patients with a high preoperative knee adduction moment 
(but not those with a low pre operative knee adduction 
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moment), the re­emergence of a varus deformity ~5 years 
after proximal tibial osteo tomy to achieve a valgus cor­
rection28 underlines the central role of high knee adduc­
tion moments in both the development and progression 
of knee oa. indeed, a high knee adduction moment is a 
very strong predictor of oa progression.18

Key points

Knee osteoarthritis (OA) is closely associated with the development of a high  ■
external knee adduction moment, which reflects compression of the medial 
compartment of the knee

The nature of biomechanical loading at the knee joint can be altered by a  ■
number of conservative intervention strategies, which are potentially capable of 
slowing the progression of the disease

Using lateral wedge insoles or thin-soled, flexible shoes can reduce the knee  ■
adduction moment and thus contribute to retarding the progression of OA

Strategies that directly modify gait characteristics, such as a toe-out gait,  ■
lateral trunk lean and the use of a walking stick, can reduce the knee 
adduction moment

Intervention strategies that act either directly or indirectly upon the knee joint,  ■
such as valgus knee braces and muscle strengthening, can effectively decrease 
the knee adduction moment
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Figure 1 | The external knee adduction moment during walking. The magnitude 
and direction of the GRF are shown by the height and direction, respectively, of the 
straight arrows. The length of the MA of the GRF acting about the knee joint is 
indicated by dotted red lines. a | The knee adduction moment increases if the 
length of the MA increases, or the GRF magnitude increases, or both. b | A varus 
knee deformity (dark-shaded leg) is superimposed over a neutrally aligned knee 
(light-shaded leg). In the varus-aligned knee, the center of pressure (indicated by 
the origin of the GRF vectors) has shifted in the medial direction, increasing the 
MA of the GRF and, therefore, the knee adduction moment. c | Lateral wedge 
insoles shift the center of pressure, causing the GRF to pass closer to the knee 
joint center (assuming the GRF angle remains constant). This effect decreases the 
MA of the GRF about the knee and reduces the knee adduction moment compared 
with the situation without lateral wedge insoles. Abbreviations: GRF, ground 
reaction force; MA, moment arm.

the evidence unequivocally suggests that high knee 
adduction moments are intimately linked with the sever­
ity of medial knee oa, although a causal relationship 
might be difficult to establish. Patients with medial 
knee oa demonstrate considerably higher knee adduc­
tion moments during walking compared with matched 
controls.26,29–32 the magnitude of the knee adduc­
tion moment discriminates most strongly between 
patients with  moderate­to­severe oa and controls, 
whereas patients with mild oa demonstrate slightly less 
marked differences in knee adduction moment com­
pared with controls.26,27,32 Patients with severe knee oa, 
identified on the basis of radiographic disease sever­
ity (Kellgren–lawrence grades 3–4) display higher 
knee adduction moments than do those with mild oa 
(Kellgren–lawrence grades 1–2).22,25,33

although the majority of studies have focused upon 
the peaks in the knee adduction moment profile during 
walking (Figure 2), the patients most severely affected 
by knee oa might show less identifiable peaks than 
do indivi duals with mild­to­moderate symptoms and 
healthy controls.34 instead, patients with the most severe 
symptoms show a ‘flattened’ knee adduction moment 
profile, indicating that the knee adduction moment 
does not decrease mid­stance, unlike in those with 
mild symptoms and healthy controls. the knee adduc­
tion angular impulse (defined as the integral of the knee 
adduction moment­time curve) can be used to discrimi­
nate between patients with knee oa of varying sever­
ity when no differences are apparent in the peak knee 
adduction moments.32 even if there are no differences 
in the two peaks between patients with severe oa and 
patients with mild or moderate oa, those with severe 
oa do not show a clear ‘dip’ between the two peaks and 
hence, will have a larger area under the knee adduction 
moment­time curve.34

in this review, we discuss the published data on con­
servative biomechanical intervention strategies aimed 
at reducing the knee adduction moment and thereby 
preventing or slowing the progression of medial knee 
oa. this article is considered particularly timely given 
the current high prevalence of oa and its considerable 
social and economic effects.1–5 this review will, there­
fore, serve as a useful guide for medical and health­care 
practitioners who need to evaluate treatment options for 
patients with this disease.

Footwear interventions
wearing inappropriate footwear could be intimately 
linked with the development and progression of medial 
knee oa, especially considering that the prevalence of 
knee oa and total knee replacement surgery is much 
higher in women than in men.2,35 in healthy women, 
high­heeled shoes increase the knee adduction moment 
by 18–23% and reduce the ankle eversion moment by 
75% compared with barefoot walking (table 1).36,37 these 
changes are probably related to a medial shift in the center 
of pressure, which increases the adduction moment arm 
at the knee (assuming the angle of the ground reaction 
force vector with the ground remains constant). the 
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use of appropriate shoes can help to reduce the knee 
adduction moment and potentially delay the onset and  
progression of knee oa (as discussed in the sections 
below). appropriate footwear can be easily incorporated 
into an individual’s daily routine; however, longitudinal 
studies are required to confirm the long­term efficacy of 
this approach.

Barefoot walking
walking barefoot reduces peak knee adduction moments 
in patients with medial knee oa by 7–13% compared 
with walking in normal shoes or in thick­soled shoes that 
offer stability and support (table 1).38,39 some researchers 
have attributed the reduced knee adduction moments 
reported while walking barefoot to decreased walking 
speed,40 since slow walking speeds also result in reduced 
peak knee adduction moments.26,41,42 However, other 
teams have reported that the benefit of walking barefoot 
was still present when walking speeds remained constant 
between shod and barefoot conditions,38,39,43,44 indicat­
ing that a slow walking speed alone is unlikely to be the 
underlying mechanism.

although barefoot walking could reduce the knee 
adduction moment, thereby potentially influencing the 
progression of oa, it is clearly not a very practical strat­
egy to adopt in daily life. the implications are, however, 
that shoes that mimic the barefoot movement might be 
a more clinically relevant alternative. indeed, a custom­
engineered ‘mobility shoe’, designed to promote foot 
flexibility and mimic the essential aspects of barefoot 
walking, lowered the peak knee adduction moment and 
the angular impulse in patients with knee oa to a similar 
extent to barefoot walking (~12%).44

Flexible shoes versus stability shoes
interestingly, peak knee adduction moments while 
walking barefoot were similar to those measured in 
patients wearing flat walking shoes and ‘flip­flops’ 
(table 1).39 these two types of footwear have thinner and 
more flexible soles than the thick­soled, supportive, ‘sta­
bility shoes’ used in other studies (table 1).44 such foot­
wear might enable increased foot flexibility in a manner 
similar to that of barefoot walking.

thin­soled, flexible shoes seem to be beneficial for 
reducing knee joint loads compared with shoes with 
thicker soles (table 1). Despite appearing counter­
intuitive, shoes with thick soles actually seem to increase 
joint loading at the medial tibiofemoral compartment, 
whereas shoes with thin soles are associated with reduced 
knee adduction loading.39 although thick­soled shoes 
might cushion direct loading on the plantar surface of 
the foot, they seem to mask the transfer of loads further 
up the kinetic chain. when walking barefoot or in com­
paratively thin­soled shoes, the plantar surface of the 
foot is relatively sensitive to impact loading and gait 
might, therefore, alter so as to elicit reduced ground 
reaction forces.39,43,44 indeed, these differences in impact 
loading could relate to the kinematic alterations observed 
to occur in barefoot walking, namely shorter stride 
lengths38,39,43,44 and smaller ranges of motion in the knee 

and ankle joints compared with walking in thick­soled 
shoes.38,39,44 such kinematic differences reflect reduced 
knee extension and dorsiflexion upon ground contact, 
indicating a reduced heel strike and an increased ten­
dency to a mid­foot landing that might translate to a 
‘softer’ ground impact compared with the situation while 
walking in shoes. this softened impact would particu­
larly contribute to reducing the first (and largest) peak 
of the knee adduction moment profile (Figure 2). thus, 
wearing shoes that have a thin and flexible sole, and little 
or no heel, offers a potentially useful strategy for effec­
tively modifying the biomechanical factors influencing 
progression of oa.

lateral wedge insoles
lateral wedge insoles (that is, a wedge inclined along 
the outside of the foot) have been suggested as an inter­
vention strategy to reduce the knee adduction moment 
during walking and attenuate the progression of medial 
knee oa.45,46 in patients with oa, the use of lateral 
wedge insoles of between 5° and 15° inclination reduced 
peak knee adduction moments by between 4% and 14% 
during walking compared with the corresponding values 
either without insoles or wearing even­thickness control 
insoles (table 2).47–51 the use of lateral wedge insoles also 
led to immediate reductions in pain during walking.48 
extension of the lateral wedge along the entire length 
of the foot is an important factor, as the knee adduc­
tion moment was only reduced with a full­length insole, 
not with a lateral wedge covering just the heel region.47 
lateral wedging of just the heel could be a factor in 
studies that have failed to demonstrate any influence of 
lateral wedge insoles on the knee adduction moment in 
patients with oa.52 individualized prescription of the 
degree of inclination for the lateral wedge insole might 
minimize the discomfort previously reported with use 
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Figure 2 | Schematic representation of the knee 
adduction moment profile during walking showing the 
characteristic double peak associated with the stance 
phase. The stride cycle begins at the initial foot contact 
(0%) through to the subsequent contact of the same foot 
with the ground (100%).
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of large wedges51 and optimize reductions in the knee 
adduction moment.50

lateral wedge insoles reduce knee adduction moments 
in patients with early to mild oa (Kellgren–lawrence 
grades 1–2), but not in patients with moderate­to­severe 
oa (Kellgren–lawrence grades 3–4).53 Consistent with 
previous reports, such insoles were ineffective in patients 
with the most advanced stages of oa.45 this lack of effi­
cacy has been attributed to the increased severity of varus 
deformity (Figure 1b) in patients with advanced oa 
(Kellgren–lawrence grades 3–4) compared with those 
with mild oa (Kellgren–lawrence grades 1–2).53 other 
intervention strategies might need to be considered for 
individuals most severely affected by the disease.

Mechanism of effect
the predominant mechanism responsible for the 
decrease in the knee adduction moment observed 
with lateral wedge insoles is a lateral shift in the center 
of pressure,20,49,54 which has the effect of reducing the 
moment arm of the ground reaction force around  
the knee in the frontal plane (Figure 1c). this lateral shift 
in the center of pressure also means that the ankle ever­
sion moment increases,49 potentially by up to 93%.50 this 
increase could have implications for patients with oa 
who have acute ankle sprains or chronic ankle instabil­
ity.55 another potential problem is that the use of lateral 
wedge insoles has been reported to increase step width 
during walking in healthy individuals56 and patients with 

Table 1 | Immediate influence of barefoot walking and various types of footwear on the knee adduction moment

study Knee adduction moment 
reduction (%)

Comparator condition Further footwear details

(1st peak) (2nd peak)

Barefoot walking

Shakoor & Block (2006)38 12 NR Participant’s own shoes NR

Shakoor et al. (2010)39 13 NR Clogs typically worn by 
health professionals

Heel height 50 mm

Shakoor et al. (2010)39 10 NR Stability shoes Flexible forefoot area, rigid heel area; 
heel height 50 mm men, 40 mm women

Shakoor et al. (2010)39 4 NR Flat walking shoes Flexible shoe allowing foot mobility; heel 
height 10–15 mm

Shakoor et al. (2010)39 No difference NR Flip-flops Flexible rubber, heel height 15 mm

Shakoor et al. (2008)44 13 NR Stability shoes Substantial rearfoot stability

Kemp et al. (2008)43 7 NR Participant’s own shoes Shoes typically used for walking

Kerrigan et al. (1998)37 19 19 Women’s high-heeled 
(narrow) shoes

6 cm high-heeled shoes, narrow base

Kerrigan et al. (2001)36 18 23 Women’s high-heeled 
(wide) shoes

7 cm high-heeled shoes, wide base 

Mobility shoes

Shakoor et al. (2008)44 2 NR Barefoot walking Flexible, light-weight mobility shoe

Abbreviation: NR, not reported.

Table 2 | Immediate effects of lateral wedge insoles on the knee adduction moment in patients with osteoarthritis

study lateral wedge 
inclination (°)

Knee adduction moment reduction (%) Comparator condition

1st peak 2nd peak stance phase 
mean

Hinman et al. (2008)48 5 5 9 NR No insole

Kerrigan et al. (2002)51 5 4 4 NR 3.2 mm even-thickness 
control insole

Kerrigan et al. (2002)51 5 5 6 NR No insole

Kakihana et al. (2005)49 6 NR NR 6 Even-thickness control insole

Kerrigan et al. (2002)51 10 8 7 NR 6.4 mm even-thickness 
control insole

Kerrigan et al. (2002)51 10 8 8 NR No insole

Butler et al. (2009)50 5°–15°  
(mean 10°)*

9 NR NR Even-thickness control insole

Hinman et al. (2008)47 5  
(full-length insole)

12 14 NR No insole

*Individualized prescription. Abbreviation: NR, not reported.
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oa.53 an increased step width increases medially directed 
ground reaction forces and, if all other factors remain 
constant, elevates the knee adduction moment. lateral 
wedge insoles could, therefore, reduce the knee adduction 
moment even further if an increased step width can be 
avoided. the addition of a medial arch support to lateral 
wedge insoles seems to normalize step width.56 Caution 
should be emphasized, however, as the use of a medial arch 
support alone (as frequently prescribed by health profes­
sionals) actually increases the knee adduction moment 
slightly57 and thus could exacerbate knee oa. the decrease 
in knee adduction moment observed with the use of lateral 
wedge insoles is sustained even after 1 month of contin­
ual wear in patients with oa.58 Perhaps as expected, the 
decrease in knee adduction moment only occurs while the 
patients are actually wearing the insoles.58

Long-term benefits
after a 3­month48 and 12­month59 intervention with 
lateral wedge insoles, patients with oa experienced 
reductions in pain and improvements in physical func­
tion. a 2­year, randomized, controlled study failed to 
show any symptomatic or structural benefits of lateral 
wedge insoles over control insoles in patients with medial 
knee oa.60 this contrasting result could be (at least 
partly) explained by the use of lateral wedge insoles that 
only covered the heel region rather than the entire lateral 
border of the foot.47 although this study failed to show 
any difference in pain reduction between the groups, 
patients using lateral wedge insoles had a substantially 
lower intake of anti­inflammatory medication.60 a 2­year 
intervention in patients with oa showed that although 
lateral wedge insoles alone were unable to cause any 
alterations in pain and varus deformity, when combined 
with subtalar strapping these insoles reduced pain and 
improved tibiofemoral joint alignment.61

whereas the long­term benefits of lateral wedge insoles 
do not seem conclusive, their immediate effect on the 
knee adduction moment is readily apparent. in terms of 
clinical utility, this intervention can be easily incorporated 
within a patient’s daily routine. Considering their imme­
diate positive influence on the knee adduction moment 
and clinical utility, lateral wedge insoles should be con­
sidered as a potentially useful intervention, especially for 
patients with early oa.

variable-stiffness shoes
‘variable­stiffness’ shoes with increased lateral stiff­
ness have been tested as an alternative to lateral wedge 
insoles. variable­stiffness shoes considerably reduced 
the peak knee adduction moment during walking (by 
up to 6%) in patients with oa compared with constant­
stiffness control shoes.62 Peak knee adduction moments 
were reduced to a greater extent by the variable­stiffness 
shoes at fast (6% reduction) compared with slow (2% 
reduction) walking speeds, indicating increased shoe 
compression and, therefore, improved effectiveness at 
fast walking speeds.62 variable­stiffness shoes should, 
therefore, be considered a potentially useful inter vention 
for patients with early oa.

Gait modification approaches
toe-out gait
walking with a toe­out gait—that is, with the foot exter­
nally rotated with respect to the direction of progres­
sion (Figure 3)—reduces the knee adduction moment 
in patients with medial knee oa.63–65 the mechanism 
underlying this reduction seems to be different for each of 
the two peaks in the knee adduction moment (Figure 2). 
a toe­out gait causes a shift in the knee joint axis (that is, 
an externally rotated knee) that results in a portion of the 
external knee adduction moment being converted to an 
external knee flexion moment. this change contributes 
particularly to reducing the first of the two peaks in the 
knee adduction moment.64 this shift in the knee joint axis 
causes the ground reaction force to pass more posterior 
(increasing the external knee flexion moment) and less 
medial (reducing the external knee adduction moment) 
to the externally rotated knee. By contrast, the reduc­
tion in the second peak of the knee adduction moment 
observed with a toe­out gait occurs mainly because of a 
decreased moment arm, caused by a lateral shift in the 
path of the center of pressure.64 this shift occurs in late 
stance as the center of pressure moves towards the toes, 
and causes the ground reaction force to pass closer to 
the knee joint center, presumably without changing the 
angle of the ground reaction force vector with the ground 
(Figure 1).64 this mechanism of the toe­out gait seems 
to be specific to the second peak of the knee adduction 
moment, as the center of pressure travels further towards 
the toes to generate the second peak when the foot is 
externally rotated (Figure 3). By contrast, the center of 
pressure is located closer to the heel (that is, positioned 
more medially) during the first peak of the knee adduc­
tion moment and would, therefore, be far less affected 
than the second peak by a toe­out gait (Figure 2).

studies have reported a reduction in the second (but 
not the first) peak of the knee adduction moment in 
patients with oa when the foot is externally rotated 

Toe-out angle

Direction of progression

Figure 3 | Schematic diagram illustrating the ‘toe-out’ gait. 
The toe-out angle is defined as the degree of external rotation 
of the foot with respect to the direction of progression.
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by between 10° and 21° beyond the natural foot posi­
tion during walking.63,65 indeed, an inverse correlation 
between the magnitude of the second peak knee adduc­
tion moment and the toe­out angle has been consistently 
reported in both patients with oa24,66 and healthy par­
ticipants.67,68 the lack of consensus regarding the reduc­
tions in the first peak of the knee adduction moment 
achieved with a toe­out gait could relate to the fact that 
this foot position can result from external rotation at 
either the ankle or hip. the mechanism to reduce the first 
peak knee adduction moment (detailed above)64 requires 
external rotation of the knee joint axis, which can only be 
achieved via external rotation at the hip.

with respect to the long­term influence of toe­out gait, 
an increased baseline toe­out angle was associated with 
a reduced likelihood of disease progression in patients 
with medial knee oa over an 18­month follow­up 
period.66 although data relating to the long­term effects 
of toe­out gait are scarce, its immediate effect is to con­
sistently reduce the second peak of the knee adduction 
moment, with less consistent effects upon the first peak 
of this parameter (Figure 2). Despite this strategy being 
relatively simple and not requiring any equipment, it 
does require permanent adoption of an altered gait by 
the patient. nevertheless, if patients can adhere to this 
strategy, it offers potential for reducing the progression 
of knee oa.

lateral trunk lean
in individuals who lean towards the side of the weight­
bearing limb as they walk, the body’s center of mass shifts 
laterally and moves closer to the center of pressure under 
the weight­bearing foot. as the ground reaction force 
tends to act through the center of mass, this approach 
changes the angle of the ground reaction force, shifting 
it towards the knee joint center. the outcome of this shift 
is a reduction in the moment arm of the ground reaction 
force that, in turn, reduces the knee adduction moment 
(Figure 1). lateral trunk lean has, therefore, been sug­
gested as a compensatory strategy to reduce the knee 
adduction moment in patients with oa.23,26,69

the extent of lateral trunk lean is inversely correlated 
with the magnitude of the knee adduction moment in 
individuals with oa.23 as a compensatory strategy to 
unload the affected knee, greater degrees of lateral trunk 
lean have been reported in patients severely affected by 
the disease compared with those experiencing mild 
symptoms.70 in healthy participants, walking with an 
exaggerated lateral trunk sway reduced the knee adduc­
tion moment by 65% compared with normal walking.71 
although this compensatory strategy could be effective 
for reducing the knee adduction moment, it should be 
treated with caution when considered as an ‘imposed’ 
intervention in patients owing to the risk of falling 
associ ated with excessive upper body sway.

gait retraining
Gait modification approaches have been advocated to 
reduce the knee adduction moment and delay the pro­
gression of knee joint oa.72–74 For example, the medial 

thrust gait pattern involves consciously pushing the 
knee joint in a medial direction during walking, which 
re positions the knee joint center closer to the ground 
reaction force, thus reducing the moment arm and low­
ering the knee adduction moment (Figure 1). in case 
studies of indivi duals with oa who have adopted this 
strategy, the knee adduction moment73 and medial tibial 
contact forces72 were markedly reduced.

walking aids
in patients with oa, the use of a cane or walking stick in 
the hand contralateral to the symptomatic knee reduced 
the peak knee adduction moment by 10%.43 Patients must, 
however, be careful not to use their cane in the hand on 
the same side as the symptomatic leg, as this technique 
can actually increase the knee adduction moment.75 using 
a cane in the hand contralateral to the symptomatic knee 
might shift the body’s center of mass towards the affected 
limb, thereby reducing the medially directed ground reac­
tion force, in a similar way as that achieved with the lateral 
trunk lean strategy described above.

Cane use, in conjunction with a slow walking speed, 
lowered the ground reaction force,43 and decreased the 
biomechanical load experienced by the lower limb. the 
use of a cane and walking slowly could, therefore, be 
simple and effective intervention strategies for patients 
with oa. in a similar manner to which cane use unloads 
the limb, weight loss also decreases load in the limb to a 
certain extent and should be considered as a long­term 
strategy, especially for overweight individuals.

Valgus knee braces
valgus knee braces secured around the thigh and lower 
leg and worn throughout the day have been suggested as 
a conservative treatment strategy for patients with medial 
knee oa (Figure 4). the underlying rationale for use of a 
valgus knee brace is the application of a valgus moment 
(knee abduction moment) to the knee joint (Figure 4), 
which could reduce the knee adduction moment during 
walking and unload the medial compartment of the 
knee.12,17,19,76,77 although reports of this approach have 
been mostly positive, studies of valgus knee braces 
in patients with oa have not conclusively demon­
strated an improvement in the external knee adduction 
moment. the external knee adduction moment either 
decreased,12,77 showed a tendency to decrease,76 or did 
not change19,78 when a valgus brace was used compared 
with an unbraced condition. However, these results refer 
to the external knee adduction moment only. the valgus 
brace itself exerts a moment that opposes the external 
knee adduction moment (Figure 4).12,19,79 this factor 
should be considered when evaluating the brace’s effec­
tiveness in unloading the medial knee compartment. 
the net knee adduction moment in a patient wearing 
a valgus brace is calculated as the external knee adduc­
tion moment minus the valgus moment exerted by the 
knee brace.

valgus knee braces reduce the net knee adduction 
moment during walking in healthy young adults79 
and in patients with medial knee oa.19 Considering, 
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therefore, that valgus knee bracing predominantly 
affects the net knee adduction moment, studies indicat­
ing that the external knee adduction moment decreases 
with bracing12,76,77 suggest that this approach has addi­
tional benefits for unloading the medial compartment 
of the knee. the decrease in the external knee adduc­
tion moment observed in individuals wearing a valgus 
knee brace could be related to a medial shift in the knee 
joint center leading to a reduction in the knee adduction 
moment arm (Figure 1).

Knee braces can be adjusted to increase the extent 
of valgus alignment, which also increases the valgus 
moment applied at the knee joint (Figure 4). the peak 
net knee adduction moment progressively decreased 
with increasing valgus alignment of the knee brace.19 a 
neutrally aligned knee brace reduced the peak net knee 
adduction moment by 6% compared with the unbraced 
situation, whereas valgus brace alignments of 4° and 8° 
yielded reductions of 13% and 19%, respectively. these 
reductions in net knee adduction moment were esti­
mated to give rise to decreases of between 8% and 17% 
in medial knee compartment loading during walking.19 
estimations derived from a musculoskeletal model 
suggest that for every 1 nm increase in the valgus brace 
moment, the net knee adduction moment decreases 
by 3% and the medial compartment load decreases by 
1%.20 these estimates are in agreement with fluoroscopic 
imaging data from a study of patients with medial knee 
oa.17 80% of these patients experienced a 2 mm increase 
in medial tibiofemoral joint separation while walking 
with a valgus knee brace compared with the unbraced 
control situation.17 However, the 20% of patients who 
were obese did not derive any benefit from valgus knee 
bracing.17 although obese patients experience high joint 
loads that could partially explain their impaired response 
to bracing, the researchers ascribed this observation to 
problems with adequate fixation of the knee brace.17 
excessive amounts of soft tissue seem likely to reduce 
the effective transmission of forces from the knee brace 
to the femur and tibia.

Pain is a cardinal symptom of knee joint oa, and a 
valgus knee brace substantially reduced pain for these 
patients immediately upon use,17,80 and after con­
tinuous wear for durations ranging between 2 weeks 
and 12 months.19,76,78,81,82 improvements in function have 
also been reported in patients with oa following valgus 
knee bracing for durations of between 6 months and 
12 months.81,82 although valgus bracing achieves effec­
tive unloading of the medial compartment of the knee 
and offers potential for improving the clinical outcome 
in patients with knee oa, the success of this inter vention 
relies upon the patient being prepared to wear the knee 
brace continually. valgus knee braces are bulky, poten­
tially uncomfortable and might not be a practical daily 
solution for many patients.

Muscle strengthening
During walking patients with medial knee oa demon­
strate elevated and prolonged activity of the lateral 
hamstring muscles as measured with electromyography 

compared with their medial hamstrings and both medial 
and lateral hamstrings of matched controls.65,83–85 the 
lateral hamstring muscles can produce an internal valgus 
moment that counteracts the external knee adduction 
moment. the altered activity of the lateral hamstring 
muscles observed in patients with oa is probably an 
attempt to unload the medial knee compartment and 
counteract the high external knee adduction moments 
that they experience. the lateral hamstring muscles also 
have an important role in producing a toe­out gait,65,85 
which (as described above) can lead to reductions in the 
knee adduction moment.

Hip abductor training might exert an effect by stabi­
lizing the frontal plane motion of the pelvis and trunk 
and via the development of an internal valgus moment 
at the knee. results from a pilot study showed that 
4 weeks of strength training involving the hip abductor 
muscles (such as the tensor fasciae latae muscle, which 
spans both the hip and knee joints) can decrease the 
external knee adduction moment by 9% and greatly 
reduce pain.86 although this study provided some 
encouraging results for this type of muscle strengthen­
ing, it lacked a control group and included only six 
patients.86 a randomized, controlled trial with a much 
larger sample size (89 participants, of which 76 

Valgus moment

MA1

MA2

Figure 4 | Schematic diagram illustrating how valgus 
bracing counteracts the external adduction moment acting 
about the knee during walking. The brace applies points of 
force at three locations (indicated by arrows), which create 
MA1 and MA2, and result in a valgus moment about the 
knee. The red dotted line indicates the length of the two 
separate moment arms: MA1 and MA2 (distance from outer 
arrow to center arrow). Abbreviation: MA, moment arm.
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completed the trial, were randomly allocated to either 
hip strengthening or the control group) failed to show 
any effect of hip abductor and adductor muscle strength­
ening on the knee adduction moment, although it was 
effective for reducing pain.87 taking into account the 
rationale for medial compartment unloading, the lateral 
hamstrings and hip abductor muscles of patients with 
oa should be considered appropriate targets for muscle 
strengthening programs, although further studies are 
required to confirm the efficacy of this approach.

Quadriceps muscle strength training has convention­
ally been advocated for the treatment and/or manage­
ment of oa;88,89 however, no clear rationale exists as to 
how strengthening this specific muscle group would help 
to unload the medial compartment of the knee. indeed, 
a 12­week quadriceps strengthening program in patients 
with oa failed to influence the external knee adduction 
moment and only relieved pain in patients with a fairly 
neutral knee alignment.90 the intervention had no effect 
on pain in patients with a valgus knee alignment.90

Conclusions
the knee adduction moment has an integral role in the 
development and progression of knee oa. a number of 
conservative biomechanics­based interventions can 
reduce the knee adduction moment effectively via dif­
ferent mechanisms. lateral wedge insoles can cause 
some discomfort and are effective primarily for patients 
with early stage oa. walking with a toe­out gait consis­
tently reduces the second peak of the knee adduction 
moment, but does not affect the first peak with the  
same consistency across studies. walking barefoot or in 

thin­soled, flexible shoes reduces the knee adduction 
moment compared with wearing thick­soled, inflexible 
shoes. Knee braces that produce a valgus moment about 
the knee markedly reduce the net knee adduction 
moment and unload the medial compartment of the 
knee, but could be impractical for many patients. the 
lateral hamstring muscles and hip abductor muscles can 
produce an internal abduction moment that opposes 
the external adduction moment around the knee and 
should be targets for muscle strengthening programs. 
use of a cane or walking stick in the hand contra lateral 
to the symptomatic knee, lateral trunk sway and gait 
retraining are also effective strategies for reducing  
the knee adduction moment. many of these conserva­
tive biomechanical strategies could be employed in 
early stage oa and might help to prevent and/or delay 
disease progression.

Review criteria

PubMed and MEDLINE databases were searched for 
articles focusing on knee adduction moments or knee 
joint loading in patients with osteoarthritis, using the 
term “knee osteoarthritis” in combination with “knee 
adduction moment”, “biomechanics”, “conservative 
intervention”, “intervention strategies”, “nonsurgical 
treatment”, “management”, “walking”, “insoles”, “lateral 
wedge insoles”, “knee brace”, “valgus knee brace”, 
“toe-out gait”, “barefoot walking”, “shod”, “footwear”, 
“muscle”, “quadriceps”, “hamstrings”, “muscle 
strengthening”, “strength training” and “resistance 
training”. Only articles written in English were selected.

1. Lawrence, R. C. et al. Estimates of the 
prevalence of arthritis and selected 
musculoskeletal disorders in the United States. 
Arthritis Rheum. 41, 778–799 (1998).

2. Felson, D. T. Epidemiology of hip and knee 
osteoarthritis. Epidemiol. Rev. 10, 1–28 (1988).

3. Oliveria, S. A., Felson, D. T., Reed, J. I., 
Cirillo, P. A. & Walker, A. M. Incidence of 
symptomatic hand, hip, and knee osteoarthritis 
among patients in a health maintenance 
organization. Arthritis Rheum. 38, 1134–1141 
(1995).

4. Bitton, R. The economic burden of osteoarthritis. 
Am. J. Manag. Care 15 (8 Suppl.), S230–S235 
(2009).

5. Fautrel, B. et al. Impact of osteoarthritis: 
results of a nationwide survey of 10,000 
patients consulting for OA. Joint Bone Spine 72, 
235–240 (2005).

6. Ahlbäck, S. Osteoarthrosis of the knee.  
A radiographic investigation. Acta Radiol. Diagn. 
(Stockh.), 277 (Suppl.), 7–72 (1968).

7. Felson, D. T. & Radin, E. L. What causes knee 
osteoarthrosis: are different compartments 
susceptible to different risk factors? 
J. Rheumatol. 21, 181–183 (1994).

8. Block, J. A. & Shakoor, N. Lower limb 
osteoarthritis: biomechanical alterations and 
implications for therapy. Curr. Opin. Rheumatol. 
22, 544–550 (2010).

9. Englund, M. The role of biomechanics in the 
initiation and progression of OA of the knee. 
Best Pract. Res. Clin. Rheumatol. 24, 39–46 
(2010).

10. Shakoor, N. & Moisio, K. A biomechanical 
approach to musculoskeletal disease. Best Pract. 
Res. Clin. Rheumatol. 18, 173–186 (2004).

11. Hurwitz, D. E., Sumner, D. R., Andriacchi, T. P. & 
Sugar, D. A. Dynamic knee loads during gait 
predict proximal tibial bone distribution. 
J. Biomech. 31, 423–430 (1998).

12. Self, B. P., Greenwald, R. M. & Pflaster, D. S. 
A biomechanical analysis of a medial unloading 
brace for osteoarthritis in the knee. Arthritis 
Care Res. 13, 191–197 (2000).

13. Hamel, K. A., Okita, N., Bus, S. A. & 
Cavanagh, P. R. A comparison of foot/ground 
interaction during stair negotiation and level 
walking in young and older women. Ergonomics 
48, 1047–1056 (2005).

14. Reeves, N. D., Spanjaard, M., Mohagheghi, A. A., 
Baltzopoulos, V. & Maganaris, C. N. Older adults 
employ alternative strategies to operate within 
their maximum capabilities when ascending 
stairs. J. Electromyogr. Kinesiol. 19, e57–e68 
(2009).

15. Reeves, N. D., Spanjaard, M., Mohagheghi, A. A., 
Baltzopoulos, V. & Maganaris, C. N. The 
demands of stair descent relative to maximum 
capacities in elderly and young adults. 
J. Electromyogr. Kinesiol. 18, 218–227 (2008).

16. Riener, R., Rabuffetti, M. & Frigo, C. Stair ascent 
and descent at different inclinations. Gait 
Posture 15, 32–44 (2002).

17. Komistek, R. D. et al. An in vivo analysis of the 
effectiveness of the osteoarthritic knee brace 
during heel-strike of gait. J. Arthroplasty 14,  
738–742 (1999).

18. Miyazaki, T. et al. Dynamic load at baseline can 
predict radiographic disease progression in 
medial compartment knee osteoarthritis. Ann. 
Rheum. Dis. 61, 617–622 (2002).

19. Pollo, F. E., Otis, J. C., Backus, S. I., Warren, R. F. 
& Wickiewicz, T. L. Reduction of medial 
compartment loads with valgus bracing of the 
osteoarthritic knee. Am. J. Sports Med. 30,  
414–421 (2002).

20. Shelburne, K. B., Torry, M. R., Steadman, J. R.  
& Pandy, M. G. Effects of foot orthoses 
and valgus bracing on the knee adduction 
moment and medial joint load during gait.  
Clin. Biomech. (Bristol, Avon) 23, 814–821 
(2008).

21. Barrios, J. A., Higginson, J. S., Royer, T. D. & 
Davis, I. S. Static and dynamic correlates of  
the knee adduction moment in healthy knees 
ranging from normal to varus-aligned. Clin. 
Biomech. (Bristol, Avon) 24, 850–854 (2009).

22. Wada, M. et al. Relationships among bone 
mineral densities, static alignment and dynamic 
load in patients with medial compartment knee 
osteoarthritis. Rheumatology (Oxford) 40,  
499–505 (2001).

23. Hunt, M. A. et al. Lateral trunk lean explains 
variation in dynamic knee joint load in patients 
with medial compartment knee osteoarthritis. 
Osteoarthritis Cartilage 16, 591–599 (2008).

24. Hurwitz, D. E., Ryals, A. B., Case, J. P., 
Block, J. A. & Andriacchi, T. P. The knee 
adduction moment during gait in subjects with 
knee osteoarthritis is more closely correlated 
with static alignment than radiographic disease 

reviews

nrrheum_212_FEB11.indd   120 17/1/11   17:39:05

© 2011 Macmillan Publishers Limited. All rights reserved



nature reviews | rheumatology  volume 7 | FeBruarY 2011 | 121

severity, toe out angle and pain. J. Orthop. Res. 
20, 101–107 (2002).

25. Thorp, L. E. et al. Bone mineral density in the 
proximal tibia varies as a function of static 
alignment and knee adduction angular 
momentum in individuals with medial knee 
osteoarthritis. Bone 39, 1116–1122 (2006).

26. Mündermann, A., Dyrby, C. O. & Andriacchi, T. P. 
Secondary gait changes in patients with medial 
compartment knee osteoarthritis: increased 
load at the ankle, knee, and hip during walking. 
Arthritis Rheum. 52, 2835–2844 (2005).

27. Mündermann, A., Dyrby, C. O., Hurwitz, D. E., 
Sharma, L. & Andriacchi, T. P. Potential strategies 
to reduce medial compartment loading in 
patients with knee osteoarthritis of varying 
severity: reduced walking speed. Arthritis 
Rheum. 50, 1172–1178 (2004).

28. Wang, J. W., Kuo, K. N., Andriacchi, T. P. & 
Galante, J. O. The influence of walking mechanics 
and time on the results of proximal tibial 
osteotomy. J. Bone Joint Surg. Am. 72, 905–909 
(1990).

29. Baliunas, A. J. et al. Increased knee joint loads 
during walking are present in subjects with knee 
osteoarthritis. Osteoarthritis Cartilage 10,  
573–579 (2002).

30. Gök, H., Ergin, S. & Yavuzer, G. Kinetic and 
kinematic characteristics of gait in patients with 
medial knee arthrosis. Acta Orthop. Scand. 73, 
647–652 (2002).

31. Kim, W. Y., Richards, J., Jones, R. K. & Hegab, A. 
A new biomechanical model for the functional 
assessment of knee osteoarthritis. Knee 11, 
225–231 (2004).

32. Thorp, L. E. et al. Knee joint loading differs in 
individuals with mild compared with moderate 
medial knee osteoarthritis. Arthritis Rheum. 54, 
3842–3849 (2006).

33. Sharma, L. et al. Knee adduction moment, 
serum hyaluronan level, and disease severity in 
medial tibiofemoral osteoarthritis. Arthritis 
Rheum. 41, 1233–1240 (1998).

34. Rutherford, D. J., Hubley-Kozey, C. L., 
Deluzio, K. J., Stanish, W. D. & Dunbar, M. Foot 
progression angle and the knee adduction 
moment: a cross-sectional investigation in knee 
osteoarthritis. Osteoarthritis Cartilage 16,  
883–889 (2008).

35. Katz, B. P. et al. Demographic variation in the rate 
of knee replacement: a multi-year analysis. 
Health Serv. Res. 31, 125–140 (1996).

36. Kerrigan, D. C., Lelas, J. L. & Karvosky, M. E. 
Women’s shoes and knee osteoarthritis. Lancet 
357, 1097–1098 (2001).

37. Kerrigan, D. C., Todd, M. K. & Riley, P. O. Knee 
osteoarthritis and high-heeled shoes. Lancet 
351, 1399–1401 (1998).

38. Shakoor, N. & Block, J. A. Walking barefoot 
decreases loading on the lower extremity joints 
in knee osteoarthritis. Arthritis Rheum. 54, 
2923–2927 (2006).

39. Shakoor, N. et al. The effects of common footwear 
on joint loading in osteoarthritis of the knee. 
Arthritis Care Res. (Hoboken) 62, 917–923 (2010).

40. Kerrigan, D. C., Karvosky, M. E., Lelas, J. L. & 
Riley, P. O. Men’s shoes and knee joint torques 
relevant to the development and progression of 
knee osteoarthritis. J. Rheumatol. 30, 529–533 
(2003).

41. Zeni, J. A. Jr & Higginson, J. S. Differences in 
gait parameters between healthy subjects and 
persons with moderate and severe knee 
osteoarthritis: a result of altered walking speed? 
Clin. Biomech. (Bristol, Avon) 24, 372–378 
(2009).

42. Robbins, S. M. & Maly, M. R. The effect of gait 
speed on the knee adduction moment depends 

on waveform summary measures. Gait Posture 
30, 543–546 (2009).

43. Kemp, G., Crossley, K. M., Wrigley, T. V., 
Metcalf, B. R. & Hinman, R. S. Reducing joint 
loading in medial knee osteoarthritis: shoes and 
canes. Arthritis Rheum. 59, 609–614 (2008).

44. Shakoor, N., Lidtke, R. H., Sengupta, M., 
Fogg, L. F. & Block, J. A. Effects of specialized 
footwear on joint loads in osteoarthritis of the 
knee. Arthritis Rheum. 59, 1214–1220 (2008).

45. Sasaki, T. & Yasuda, K. Clinical evaluation of the 
treatment of osteoarthritic knees using a newly 
designed wedged insole. Clin. Orthop. Relat. Res. 
221, 181–187 (1987).

46. Yasuda, K. & Sasaki, T. The mechanics of 
treatment of the osteoarthritic knee with a 
wedged insole. Clin. Orthop. Relat. Res. 215, 
162–172 (1987).

47. Hinman, R. S., Bowles, K. A., Payne, C. & 
Bennell, K. L. Effect of length on laterally-wedged 
insoles in knee osteoarthritis. Arthritis Rheum. 
59, 144–147 (2008).

48. Hinman, R. S., Payne, C., Metcalf, B. R., 
Wrigley, T. V. & Bennell, K. L. Lateral wedges in 
knee osteoarthritis: what are their immediate 
clinical and biomechanical effects and can these 
predict a three-month clinical outcome? Arthritis 
Rheum. 59, 408–415 (2008).

49. Kakihana, W. et al. Effects of laterally wedged 
insoles on knee and subtalar joint moments. 
Arch. Phys. Med. Rehabil. 86, 1465–1471 (2005).

50. Butler, R. J., Barrios, J. A., Royer, T. & Davis, I. S. 
Effect of laterally wedged foot orthoses on 
rearfoot and hip mechanics in patients with 
medial knee osteoarthritis. Prosthet. Orthot. Int. 
33, 107–116 (2009).

51. Kerrigan, D. C. et al. Effectiveness of a lateral-
wedge insole on knee varus torque in patients 
with knee osteoarthritis. Arch. Phys. Med. 
Rehabil. 83, 889–893 (2002).

52. Maly, M. R., Culham, E. G. & Costigan, P. A. Static 
and dynamic biomechanics of foot orthoses in 
people with medial compartment knee 
osteoarthritis. Clin. Biomech. (Bristol, Avon) 17, 
603–610 (2002).

53. Shimada, S. et al. Effects of disease severity on 
response to lateral wedged shoe insole for 
medial compartment knee osteoarthritis. Arch. 
Phys. Med. Rehabil. 87, 1436–1441 (2006).

54. Kakihana, W., Akai, M., Yamasaki, N., 
Takashima, T. & Nakazawa, K. Changes of joint 
moments in the gait of normal subjects wearing 
laterally wedged insoles. Am. J. Phys. Med. 
Rehabil. 83, 273–278 (2004).

55. Kakihana, W. et al. Effect of a lateral wedge on 
joint moments during gait in subjects with 
recurrent ankle sprain. Am. J. Phys. Med. Rehabil. 
84, 858–864 (2005).

56. Nakajima, K. et al. Addition of an arch support 
improves the biomechanical effect of a laterally 
wedged insole. Gait Posture 29, 208–213 
(2009).

57. Franz, J. R. et al. The influence of arch supports 
on knee torques relevant to knee osteoarthritis. 
Med. Sci. Sports Exerc. 40, 913–917 (2008).

58. Hinman, R. S., Bowles, K. A. & Bennell, K. L. 
Laterally wedged insoles in knee osteoarthritis: 
do biomechanical effects decline after one 
month of wear? BMC Musculoskelet. Disord. 10, 
146 (2009).

59. Keating, E. M., Faris, P. M., Ritter, M. A. & 
Kane, J. Use of lateral heel and sole wedges in 
the treatment of medial osteoarthritis of the 
knee. Orthop. Rev. 22, 921–924 (1993).

60. Pham, T. et al. Laterally elevated wedged insoles 
in the treatment of medial knee osteoarthritis.  
A two-year prospective randomized controlled 
study. Osteoarthritis Cartilage 12, 46–55 (2004).

61. Toda, Y. & Tsukimura, N. A 2-year follow-up of a 
study to compare the efficacy of lateral wedged 
insoles with subtalar strapping and in-shoe 
lateral wedged insoles in patients with varus 
deformity osteoarthritis of the knee. 
Osteoarthritis Cartilage 14, 231–237 (2006).

62. Erhart, J. C., Mündermann, A., Elspas, B., 
Giori, N. J. & Andriacchi, T. P. A variable-stiffness 
shoe lowers the knee adduction moment in 
subjects with symptoms of medial compartment 
knee osteoarthritis. J. Biomech. 41, 2720–2725 
(2008).

63. Guo, M., Axe, M. J. & Manal, K. The influence of 
foot progression angle on the knee adduction 
moment during walking and stair climbing in pain 
free individuals with knee osteoarthritis. Gait 
Posture 26, 436–441 (2007).

64. Jenkyn, T. R., Hunt, M. A., Jones, I. C., Giffin, J. R. 
& Birmingham, T. B. Toe-out gait in patients with 
knee osteoarthritis partially transforms external 
knee adduction moment into flexion moment 
during early stance phase of gait: a tri-planar 
kinetic mechanism. J. Biomech. 41, 276–283 
(2008).

65. Lynn, S. K. & Costigan, P. A. Effect of foot 
rotation on knee kinetics and hamstring 
activation in older adults with and without signs 
of knee osteoarthritis. Clin. Biomech. (Bristol, 
Avon) 23, 779–786 (2008).

66. Chang, A. et al. The relationship between toe-out 
angle during gait and progression of medial 
tibiofemoral osteoarthritis. Ann. Rheum. Dis. 66, 
1271–1275 (2007).

67. Teichtahl, A. J. et al. Foot rotation--a potential 
target to modify the knee adduction moment. 
J. Sci. Med. Sport 9, 67–71 (2006).

68. Andrews, M., Noyes, F. R., Hewett, T. E. & 
Andriacchi, T. P. Lower limb alignment and foot 
angle are related to stance phase knee 
adduction in normal subjects: a critical analysis 
of the reliability of gait analysis data. J. Orthop. 
Res. 14, 289–295 (1996).

69. Linley, H. S., Sled, E. A., Culham, E. G. & 
Deluzio, K. J. A biomechanical analysis of trunk 
and pelvis motion during gait in subjects with 
knee osteoarthritis compared to control 
subjects. Clin. Biomech. (Bristol, Avon) 
doi:10.1016/j.clinbiomech.2010.07.012.

70. Hunt, M. A., Wrigley, T. V., Hinman, R. S. & 
Bennell, K. L. Individuals with severe knee 
osteoarthritis (OA) exhibit altered proximal 
walking mechanics compared with individuals 
with less severe OA and those without knee 
pain. Arthritis Care Res. (Hoboken) 62,  
1426–1432 (2010).

71. Mündermann, A., Asay, J. L., Mündermann, L. & 
Andriacchi, T. P. Implications of increased medio-
lateral trunk sway for ambulatory mechanics. 
J. Biomech. 41, 165–170 (2008).

72. Fregly, B. J., D’Lima, D. D. & Colwell, C. W. Jr. 
Effective gait patterns for offloading the medial 
compartment of the knee. J. Orthop. Res. 27, 
1016–1021 (2009).

73. Fregly, B. J., Reinbolt, J. A., Rooney, K. L., 
Mitchell, K. H. & Chmielewski, T. L. Design of 
patient-specific gait modifications for knee 
osteoarthritis rehabilitation. IEEE Trans. Biomed. 
Eng. 54, 1687–1695 (2007).

74. Barrios, J. A., Crossley, K. M. & Davis, I. S. Gait 
retraining to reduce the knee adduction moment 
through real-time visual feedback of dynamic 
knee alignment. J. Biomech. 43, 2208–2213 
(2010).

75. Chan, G. N., Smith, A. W., Kirtley, C. & 
Tsang, W. W. Changes in knee moments with 
contralateral versus ipsilateral cane usage in 
females with knee osteoarthritis. Clin. Biomech. 
(Bristol, Avon) 20, 396–404 (2005).

reviews

nrrheum_212_FEB11.indd   121 17/1/11   17:39:06

© 2011 Macmillan Publishers Limited. All rights reserved



122 | FEBRUARY 2011 | volUmE 7 www.nature.com/nrrheum

76. Gaasbeek, R. D., Groen, B. E., Hampsink, B., 
van Heerwaarden, R. J. & Duysens, J. Valgus 
bracing in patients with medial compartment 
osteoarthritis of the knee. A gait analysis study of 
a new brace. Gait Posture 26, 3–10 (2007).

77. Lindenfeld, T. N., Hewett, T. E. & Andriacchi, T. P. 
Joint loading with valgus bracing in patients with 
varus gonarthrosis. Clin. Orthop. Relat. Res. 344, 
290–297 (1997).

78. Hewett, T. E., Noyes, F. R., Barber-Westin, S. D. & 
Heckmann, T. P. Decrease in knee joint pain and 
increase in function in patients with medial 
compartment arthrosis: a prospective analysis of 
valgus bracing. Orthopedics 21, 131–138 (1998).

79. Fantini Pagani, C. H., Potthast, W. & 
Brüggemann, G. P. The effect of valgus bracing on 
the knee adduction moment during gait and 
running in male subjects with varus alignment. 
Clin. Biomech. (Bristol, Avon) 25, 70–76 (2010).

80. Draper, E. R. et al. Improvement in function after 
valgus bracing of the knee. An analysis of gait 
symmetry. J. Bone Joint Surg. Br. 82, 1001–1005 
(2000).

81. Kirkley, A. et al. The effect of bracing on varus 
gonarthrosis. J. Bone Joint Surg. Am. 81,  
539–548 (1999).

82. van Raaij, T. M., Reijman, M., Brouwer, R. W., 
Bierma-Zeinstra, S. M. & Verhaar, J. A. Medial 
knee osteoarthritis treated by insoles or braces: 

a randomized trial. Clin. Orthop. Relat. Res. 468, 
1926–1932 (2010).

83. Heiden, T. L., Lloyd, D. G. & Ackland, T. R. Knee 
joint kinematics, kinetics and muscle co-
contraction in knee osteoarthritis patient gait. 
Clin. Biomech. (Bristol, Avon) 24, 833–841 (2009).

84. Hubley-Kozey, C. L., Deluzio, K. J., Landry, S. C., 
McNutt, J. S. & Stanish, W. D. Neuromuscular 
alterations during walking in persons with 
moderate knee osteoarthritis. J. Electromyogr. 
Kinesiol. 16, 365–378 (2006).

85. Rutherford, D. J., Hubley-Kozey, C. L. & 
Stanish, W. D. The neuromuscular demands of 
altering foot progression angle during gait in 
asymptomatic individuals and those with knee 
osteoarthritis. Osteoarthritis Cartilage 18,  
654–661 (2010).

86. Thorp, L. E. et al. The biomechanical effects of 
focused muscle training on medial knee loads in 
OA of the knee: a pilot, proof of concept study. 
J. Musculoskelet. Neuronal Interact. 10, 166–173 
(2010).

87. Bennell, K. L. et al. Hip strengthening reduces 
symptoms but not knee load in people with 
medial knee osteoarthritis and varus 
malalignment: a randomised controlled trial. 
Osteoarthritis Cartilage 18, 621–628 (2010).

88. Roddy, E., Zhang, W. & Doherty, M. Aerobic 
walking or strengthening exercise for 

osteoarthritis of the knee? A systematic review. 
Ann. Rheum. Dis. 64, 544–548 (2005).

89. Zhang, W. et al. OARSI recommendations for the 
management of hip and knee osteoarthritis, 
part I: critical appraisal of existing treatment 
guidelines and systematic review of current 
research evidence. Osteoarthritis Cartilage 15, 
981–1000 (2007).

90. Lim, B. W., Hinman, R. S., Wrigley, T. V., 
Sharma, L. & Bennell, K. L. Does knee 
malalignment mediate the effects of quadriceps 
strengthening on knee adduction moment, pain, 
and function in medial knee osteoarthritis?  
A randomized controlled trial. Arthritis Rheum. 
59, 943–951 (2008).

acknowledgments
C. P. Vega, University of California, Irvine, CA, is the 
author of and is solely responsible for the content of 
the learning objectives, questions and answers of the 
MedscapeCME-accredited continuing medical 
education activity associated with this article.

author contributions
N. D. Reeves and F. L. Bowling contributed equally to 
researching the data for the article, to discussions of 
the content and to reviewing and/or editing of the 
manuscript before submission. N. D. Reeves provided 
a substantial contribution to writing the article.

reviews

nrrheum_212_FEB11.indd   122 17/1/11   17:39:07

© 2011 Macmillan Publishers Limited. All rights reserved


