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A Biomechanical Perspective
on Physical Therapy Management
of Knee Osteoarthritis

steoarthritis (OA) is the most common cause of disability in
the United States, affecting more than 1 in 5 adults.*” Nearly
half of individuals diagnosed with OA experience significant
pain and disability that interfere with their performance
of daily tasks.”” The knee is the most commonly affected joint, with
an approximately 45% lifetime risk of symptomatic OA in at least 1

knee."*? Given the high prevalence of knee
OA 519314 patients with symptomatic dis-
ease often seek physical therapy services
to manage their symptoms and function-

O) Altered knee joint biomechanics
and excessive joint loading have long been consid-
ered as important contributors to the development
and progression of knee osteoarthritis. Therefore,
a better understanding of how various treatment
options influence the loading environment of the
knee joint could have practical implications for
devising more effective physical therapy manage-
ment strategies. The aim of this clinical com-
mentary was to review the pertinent biomechanical
evidence supporting the use of treatment options
intended to provide protection against excessive
joint loading while offering symptomatic relief

and functional improvements for better long-term
management of patients with knee osteoarthritis.
The biomechanical and clinical evidence regarding
the effectiveness of knee joint offloading strategies,
including contralateral cane use, laterally wedged
shoe insoles, variable-stiffness shoes, valgus knee
bracing, and gait-modification strategies, within
the context of effective disease management

al limitations. Traditionally, the focus of
physical therapy management of knee
OA has been to improve pain, mobility,
and functional limitations by addressing

is discussed. In addition, the potential role of
therapeutic exercise and neuromuscular training
to improve the mechanical environment of the
knee joint is considered. Management strategies
for treatment of joint instability and patellofemoral
compartment disease are also mentioned. Based
on the evidence presented as part of this clinical
commentary, it is argued that special consider-
ations for the role of knee joint biomechanics and
excessive joint loading are necessary in designing
effective short- and long-term management
strategies for treatment of patients with knee
osteoarthritis.

O Therapy, level 5.
J Orthop Sports Phys Ther 2013;43(9):600-619.
Epub 11 June 2013. doi:10.2519/jospt.2013.4121
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impairments such as muscle weakness
and deficits in joint flexibility.?23354:56:63
However, as there are currently no effec-
tive long-term joint-protective treatment
options, increased disease severity and
symptoms often lead to the need for joint
replacement surgery.'”” Therefore, along
with strategies that provide symptomatic
relief and improvements in functional
capabilities, physical therapists also need
to consider treatment options that are in-
tended to limit the rate of structural dis-
ease progression for their patients.

One potential reason for the lack
of effective long-term physical therapy
management strategies for knee OA is
that the influence of altered joint biome-
chanics and excessive joint loading has
not always been considered. Excessive
loading of the knee joint can contribute
to symptoms and disease progression by
creating an unfavorable balance between
breakdown and repair of joint tissues.*1>*
Although it is well accepted that genetics,
inflammatory mediators, and age-related
changes in joint biology play important
roles in the structural progression of knee
OA,*? considering the influence of these
systemic risk factors is beyond the scope
of this commentary. However, evidence
in support of the notion that excessive
joint loading is linked to increased symp-
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toms*!>¥! and progression of knee OA™*
suggests that joint-protective strategies
may provide better symptomatic relief
and enhanced long-term outcomes.*
Therefore, the intent of this clinical com-
mentary is to provide physical therapists
with the current state of knowledge con-
cerning the potential joint-protective
capabilities of offloading interventions
commonly utilized in the management
of patients with knee OA.

KNEE JOINT LOADING AND OA

The Role of Knee Adduction Moment
UE TO THE DIFFICULTY OF DIRECT
evaluation of in vivo joint loading,
external knee adduction moment
(KAM) has traditionally been used as
the surrogate marker of medial compart-
ment tibiofemoral joint loading. KAM
is calculated as the product of ground
reaction force (GRF) generated by the
foot-ground interaction and the perpen-
dicular distance of this force vector in
the frontal plane from the knee center of
rotation, also known as its lever arm. In
a lower limb with neutral alignment, the
GRF commonly passes medial to the knee
joint’s center of rotation, thus creating a
KAM (FIGURE 1A). KAM creates a tendency
for the tibia to rotate in a varus direction,
such that a larger KAM concentrates
higher compressive loads on the medial
tibiofemoral compartment.® The uneven
nature of the loads imparted on the tib-
iofemoral joint due to KAM is, in part,
responsible for the higher prevalence of
medial compartment knee OA.>*+112130
KAM typically exhibits 2 peaks during
the stance phase of gait that correspond
to the peaks in the vertical GRF. The
larger initial peak occurs during the load-
acceptance phase of gait, and the second
peak occurs in late stance (FIGURE 2).57 A
higher first peak in KAM has been pre-
viously reported in patients with medial
compartment knee OA,**'*® and a larger
KAM has been associated with greater
radiographic disease severity*'” and
pain.*¥! Additionally, a 1-unit increase
in KAM at baseline has been associated
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FIGURE 1. (A) In a lower limb with neutral alignment, the GRF passing medial to the knee center of rotation creates
a small KAM that concentrates higher compressive loads on the medial tibiofemoral compartment. A lower limb is
considered neutral when the angle formed between the intersection of the mechanical axis of the femur (the dotted
line from femoral head center to femoral intercondylar notch center) and the mechanical axis of the tibia (the
dotted line from ankle talus center to the center of the tibial spine) is 0°. (B) In a lower limb with varus alignment,
the increase in the perpendicular distance between the GRF and the center of rotation of the knee (d) increases
both KAM and compressive loads on the medial tibiofemoral compartment. A lower limb is considered to be in
varus when the angle formed between the intersection of the mechanical axes of the femur and the tibia (dotted
lines) is greater than 0° in the varus direction. The vertically aligned black arrows signify the relative magnitude of
the medial and lateral joint compressive loads created by the KAM. Cocontraction of the muscles crossing the knee
joint and higher external knee flexion moments may also provide additional joint compressive loads, which are not
depicted in the figure. Abbreviations: GRF, ground reaction force; KAM, knee adduction moment.

Compressive
forces

Y

Y

KAM

with a 6-fold increase in the likelihood of
medial compartment disease progression
over 6 years.”” Given that KAM is often
used as an outcome measure in research
studies that assess the effectiveness of
interventions used in management of
patients with knee OA,6:6111813L181 jt g es-
sential for physical therapists to have a
thorough understanding of the factors
that could influence KAM, along with the
limitations of its use.

Offloading Intervention Strategies

and KAM

Current clinical approaches for reducing
KAM are primarily designed around the
premise that GRF and its frontal plane
lever arm are independent variables that
could be manipulated through various in-
terventions. GRF is the equal and opposite
reaction force exerted by the ground on

the body during weight bearing (Newton’s
third law of motion). The magnitude of
this GREF, as described by Newton’s sec-
ond law of motion, is determined by the
product of the patient’s body mass and
the acceleration of the patient’s center of
mass (force = mass x acceleration). There-
fore, strategies that could either limit the
influence of the patient’s body mass on
the magnitude of GRF (eg, using a cane
for offloading of the stance limb!°*?%) or
decrease the acceleration of the patient’s
center of mass (eg, reduced gait speed'*?)
could be effectively used to decrease KAM.

Additionally, strategies to decrease
the length of the frontal plane KAM le-
ver arm through lower-limb realignment
or lateral displacement of the center of
pressure could also reduce KAM. For
example, a static varus lower-limb mal-
alignment, which is a common finding
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in patients with medial compartment
knee OA, has been suggested to lead to
elevations in KAM.'* As the GRF vector
typically runs from the center of pres-
sure under the foot toward the body’s
center of mass, a more laterally posi-
tioned center of rotation in knees with
varus malalignment lengthens the GRF
lever arm in the frontal plane, thus in-
creasing KAM (FIGURE 1B).572°2 Theoreti-
cally, interventions aimed at decreasing
lower-limb varus malalignment, such as
valgus bracing*>#61°+1% or a medial thrust
gait pattern,'%61%° can bring the knee
center of rotation closer to the line of ac-
tion of the GRF and thus decrease KAM
by reducing its frontal plane lever arm.
Similarly, moving the GRF vector closer
to the knee center of rotation by moving
the center of pressure laterally through
a lateral trunk lean®>'*7 or a toe-out gait
pattern®%1°012¢ could also be effective in
reducing KAM by shortening its frontal
plane lever arm.

Limitations of KAM in Studies

of Knee OA

Although KAM is an easily measured
and commonly used marker of tibio-
femoral joint loading, its application as
the sole marker of knee joint loading is
associated with a number of limitations.
First, the cocontraction of knee-spanning
muscles (eg, quadriceps, hamstrings, and
gastrocnemius), which can substantially
contribute to the medial compartment
compressive loads, is not accounted for
when calculating KAM.22%? Given that
increased muscular cocontraction is often
reported in patients with knee OA,7:117204
reports of KAM that ignore muscle acti-
vation contributions to joint loading may
underestimate the actual compressive
loads experienced by patients with knee
OA. Second, an increased external knee
flexion moment in the sagittal plane has
also been suggested to significantly con-
tribute to tibiofemoral joint contact forc-
es during weight bearing in the absence
of a change in KAM.2*! To counterbalance
the increase in externally generated knee
flexion moments (eg, during the loading
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ground reaction force; KAM, knee adduction moment.

Percentage of Gait Cycle

FIGURE 2. Schematic representation of the KAM during gait. The KAM typically exhibits 2 peaks during the stance
phase of gait. Each peak corresponds to the peak in the vertical GRF. The larger first peak occurs during the load-
acceptance phase of gait (0%-12% of gait cycle), with the second, smaller peak occurring in late stance (50%-62%
of gait cycle). The KAM is negligible during the swing phase of gait (62%-100% of gait cycle). Abbreviations: GRF,

A

phase of gait), an equal and opposite in-
ternal knee extension moment is needed,
which is primarily produced by increases
in quadriceps muscle force and an eleva-
tion in knee joint contact forces. There-
fore, neglecting the potential compressive
forces created by greater sagittal plane
knee flexion moments could represent an
incomplete picture of the dynamic load-
ing environment of the knee joint during
weight bearing. Further, KAM may be a
poor surrogate for the complex interac-
tion of the tibial plateau and the femoral
condyle contact forces, which may be dic-
tated by joint geometry, meniscus func-
tion, and cartilage responses, which are
not considered in calculations of KAM.
Despite its limitations, KAM remains
a convenient measure of the gross load-
ing environment of the medial tibio-
femoral compartment. For example,
assuming that the level of cocontraction
and the magnitude of the external knee
flexion moment remain constant, inter-
ventions that decrease KAM most likely
lead to lower loads placed on the medial

tibiofemoral compartment. Additionally,
KAM still has value as a screening tool
to identify individuals at risk for knee
OA, because peak KAM during the early
stance phase of gait in subjects with knee
OA is greater than that of asymptomatic
subjects,?* and larger peak KAM has been
linked to increased pain*¥! and higher
rates of disease progression.'*

MEDIAL COMPARTMENT
OFFLOADING STRATEGIES

REATMENT STRATEGIES WITH PO-

tential for tibiofemoral compart-

ment offloading may provide a
unique opportunity for both symptom-
atic relief and reducing structural dis-
ease progression in patients with knee
OA. Given the higher prevalence of me-
dial knee OA,*+1212° offloading strategies
of the medial compartment are of great
interest. To this end, a whole host of con-
servative medial compartment offloading
strategies have been recommended, with
great potential for clinical utilization.
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IMMEDIATE INFLUENCE OF CANE USE

OoN KNEE ADDUCTION MOMENT

KAM Change, %

Study Cane Use Comparison Condition FirstPeak  Second Peak
Chanetal® Ipsilateral Unaided +40 NR
Contralateral =/ NR
Kempetal”  Contralateral Unaided -10 NR
Simic etal””  Contralateral (10% body-weight support)  Unaided -6 -7
Contralateral (15% body-weight support) -12 -29
Contralateral (20% body-weight support) -17 -46

Abbreviations: KAM, knee adduction moment; NR, not reported.

IMMEDIATE INFLUENCE OF LATERALLY WEDGED

SHOE INSOLES ON KNEE ADDUCTION MOMENT

KAM Change, %

wedge (grade IV OA)

Study Shoe Insole Design Comparison Condition FirstPeak  Second Peak
Abdallah and 6° full-length lateral wedge Flat insoles = NR
Radwan! 11° full-length lateral wedge =5 NR
Butler et al* 96° full-length lateral wedge Flat insoles -9 2
Fantini Pagani et al®*  4° full-length lateral wedge Normal walking shoe -7 -8
Hinman et al’® 5° full-length lateral wedge Normal walking shoe =5 =
Hinman et al” 5°full-length lateral wedge Normal walking shoe -6 NR
Hinman et al’® 5° full-length lateral wedge Normal walking shoe -12 -14
5° lateral heel wedge = =/
Jones et al'™ 5° lateral heel wedge Normal walking shoe -13 -15
Kerrigan et al®® 5° lateral heel wedge Normal walking shoe =5 -6
10° lateral heel wedge -8 -8
Leitch et al™® 4° |ateral heel wedge Normal walking shoe -2 NR
8° lateral heel wedge =3 NR
Maly et al*® 5° lateral heel wedge Normal walking shoe 2 NR
Off-the-shelf orthosis modifiedto ~ Normal walking shoe +4 NR
maintain rearfoot in 5° of valgus
Shimada et al"® 10-mm elevation lateral heel Normal walking shoe = NR
wedge (grade | OA)
10-mm elevation lateral heel -7 NR
wedge (grade Il OA)
10-mm elevation lateral heel =3 NR
wedge (grade Il OA)
10-mm elevation lateral heel =5 NR

Abbreviations: KAM, knee adduction moment; NR, not reported; OA, osteoarthritis.

The basic premise behind these offload-
ing strategies is that manipulating the
magnitude of the GRF and/or reducing
its external lever arm leads to substantial
reductions in KAM and the medial com-
partment compressive loads.

Contralateral Cane Use

Prescription of an assistive walking de-
vice, such as a cane, is recommended
by most clinical guidelines as an inte-
gral component of conservative medical
care for patients with knee QA 8+145.205:206

Using a cane opposite the side of the
symptomatic knee has been previously
shown to reduce KAM by an average of
7% to 10% compared to walking unaided
(TABLE 1). Additionally, contralateral cane
usage can reduce the cumulative load-
ing of the knee joint over a given gait
distance through adaptive increases in
stride length and an associated decrease
in cadence.’*””7 The immediate offload-
ing effects of contralateral cane use could
be attributed to shifting a portion of the
body weight off the symptomatic knee
joint (ie, a reduction in GRF) and/or to
the reduction of the external KAM lever
arm. Kemp and colleagues®’ reported
that reductions in KAM during contra-
lateral cane use were partially explained
by a 6% decrease in the GRF magnitude
created by upper-limb support through
the cane. It is also reported that when
the tip of the cane and the foot touch the
ground simultaneously, the cane could
share as much as 34% of the force at heel
strike, 25% at midstance, and 30% at
toe-off during the stance phase of gait.*®
Additional reductions in KAM due to a
decrease in the length of the KAM lever
arm can also arise due to changes in the
position of the trunk or a change in po-
sition of the knee relative to the line of
action of the GRF.»

Contralateral cane use can also effec-
tively diminish pain and improve func-
tion and some aspects of quality of life in
patients with knee OA.*> Recent random-
ized clinical trials of patients with knee
OA demonstrated significantly dimin-
ished pain and improved physical func-
tion after 2 months of daily cane use.031%
For optimal efficacy, patients with knee
OA should be instructed to use a cane on
the contralateral side and as far laterally
as possible to optimize reductions in knee
loads. Placing the cane at a longer lateral
distance can create neutralizing knee ab-
duction moments to further counteract
and decrease KAM during gait."”” Inap-
propriate cane placement, however, is not
atrivial issue, as increases of up to 40% in
KAM have been previously reported with
ipsilateral cane use (TABLE 1).22 Therefore,
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IMMEDIATE INFLUENCE OF VARIABLE-STIFFNESS

SHOES ON KNEE ADDUCTION MOMENT

KAM Change, %

Study Treatment Comparison Condition FirstPeak  Second Peak
Erhart-Hledik  Variable-stiffness shoe Constant-stiffness control shoe -6 NR
etal*
Erhartetal® Variable-stiffness shoe Constant-stiffness personal -13 22
shoe

Erhartetal® Variable-stiffness shoe Constant-stiffness control shoe =/ NR

Erhartetal® Variable-stiffness shoe (slow gait) Constant-stiffness control shoe =2 NR
Variable-stiffness shoe (normal gait) =5 NR
Variable-stiffness shoe (fast gait) -6 NR

Jenkynetal® Variable-stiffness shoe Constant-stiffness control shoe =/ NR

Abbreviations: KAM, knee adduction moment; NR, not reported.

no cane use would be preferred to ipsi-
lateral cane use in patients with medial
compartment knee OA.

Patients with knee OA should also be
urged to maintain greater overall body-
weight support through the cane across
the stance phase of gait, which can result
in additional reductions in KAM (TABLE
1).""7 Moreover, patients should be en-
couraged to achieve earlier peak body-
weight support through the cane during
the load-acceptance phase of gait, which
coincides with the largest peak in KAM.
The prescription of cane use for novice
users should take into account the sub-
stantial increase in energy expenditure at
the onset of cane use,'°> which decreases
over time through an ongoing process of
adaptation to using an assistive device.'*
Clinicians should also be reminded that,
although cane use appears to be an effec-
tive offloading strategy, lack of patient
compliance is a significant clinical obsta-
cle, due to a common patient perception
that canes are for frail, elderly people and

imply aging.

Laterally Wedged Shoe Insoles

Shoe insoles with a wedged incline along
the outside of the heel have been shown
to be effective in reducing the first and
second peaks in KAM by as much as 13%
and 15%, respectively (TABLE 2). Theoreti-
cally, KAM reductions of this magnitude
accumulated over thousands of steps per

day can be clinically meaningful in terms
of mitigating symptoms and reducing
the risk of structural disease progression.
The primary mechanism responsible for
KAM reduction with a laterally wedged
insole is attributed to a lateral shift of the
center of pressure and a reduction of the
external KAM lever arm. Extension of
the lateral wedge along the entire length
of the foot seems to further reduce KAM
compared to a laterally wedged insole
covering just the heel region.*>76® To en-
courage better compliance, patient-spe-
cific prescription of a full-length lateral
wedge angle that provides the maximum
amount of pain reduction while limiting
foot discomfort during a functional task
is clinically recommended.? Conversely,
wearing down the lateral shoe sole or use
of medial arch supports could have the
opposite effect by moving the center of
pressure medially and increasing KAM,
which should be avoided.5

Although evidence in support of the
immediate reduction of KAM with later-
ally wedged insoles is promising, their
long-term impact on improving pain and
limiting structural disease progression is
less convincing. Numerous studies have
reported reductions in pain scores in the
short term (12 months or less) with the use
of laterally wedged insoles,0:8310+106.160,168
Adding elastic strapping of the subtalar
joint to the lateral wedge intervention
seems to further decrease pain compared

to the traditional wedged insoles at both
2 and 6 months."9596 However, 2 recent
randomized clinical trials of patients with
knee OA reported that laterally wedged
insoles provide no long-term symptomat-
ic or structural benefits.?** Furthermore,
a systematic review concluded that, based
on current evidence, there are no major
long-term clinical effects with the use of
laterally wedged insoles.'”®

It is plausible that the long-term ef-
fectiveness of laterally wedged insoles
may depend on factors such as disease
severity and patient-specific prescrip-
tion of the device. For example, the ef-
fectiveness of a laterally wedged insole
in reducing KAM has been shown to be
significant in individuals with early to
mild knee OA but not in the presence of
more severe disease.'” Interestingly, the
average degree of wedging necessary to
produce the maximum amount of pain
relief has been reported to increase with
radiographic disease severity, suggest-
ing that greater wedging is needed for
more advanced knee OA.> However, in-
soles with greater than a 7° wedge have
been associated with increased reports of
foot and ankle discomfort.?°¢ If greater
wedging is necessary, an individually con-
toured arch profile, along with a gradual
reduction in heel wedge inclination to 0°
at the fifth metatarsal head, may reduce
the reported foot and ankle discomfort
and improve patient satisfaction.’* It is
also suggested that insoles with subtalar
strapping are more efficacious for young-
er patients and those with greater lower-
limb lean body mass, and less efficacious
for older patients with sarcopenia.’?* It
appears that proper patient selection cri-
teria and individualized prescription of
laterally wedged insoles are necessary to
improve outcomes and encourage better
compliance.

Variable-Stiffness Shoes

Evidence suggests that, compared with
barefoot walking, wearing shoes signifi-
cantly increases knee loading.**'* How-
ever, because it is potentially dangerous,
as well as impractical, to advise patients
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with knee OA to walk barefoot, selection
of more appropriate types of shoes may
provide a logical alternative. Variable-
stiffness shoes, in which the stiffness of
the lateral sole is greater than the medial
portion, could be a viable option for pa-
tients with medial compartment knee
OA. Variable-stiffness shoes have been
shown to significantly reduce the first
peak in KAM by as much as 13% com-
pared to constant-stiffness control shoes
(TABLE 3).1%99 Given that the magnitude
of the GRF remains relatively unchanged
when wearing variable-stiffness shoes, it
has been suggested that reductions in
KAM are related to a lateral shift in the
center of pressure at the foot, which re-
duces the external KAM lever arm.% An
instrumented knee replacement prosthe-
sis that directly measured knee loading in
a single patient found reductions of 13%
in the first peak in KAM, 22% in the sec-
ond peak in KAM, and 12% in the medial
compartment joint contact force when
walking with variable-stiffness shoes
compared to personal shoes.* Clinical
evidence also supports the effectiveness
of variable-stiffness shoes in reducing
knee pain and improving function after
6 and 12 months of continuous use.*?*
Therefore, the use of variable-stiffness
shoes seems to be an effective treatment
strategy for reducing symptoms and me-
dial compartment loading for patients
with knee OA during gait.

Valgus Knee Bracing

The aim of valgus bracing is to change
the way the forces are distributed at the
knee, by transferring joint loading away
from the painful medial compartment.
Valgus braces are designed to apply an
external counteracting valgus moment to
the knee, thereby reducing KAM and the
compressive loads of the medial compart-
ment. Valgus knee braces with variable
amounts of valgus correction have been
reported to reduce the first peak in KAM
by as much as 25% and the second peak
in KAM by as much as 34% during gait
(TABLE 4). The variability in the reported
effectiveness of valgus bracing may be

IMMEDIATE INFLUENCE OF A VALGUS KNEE
BRACE ON KNEE ADDUCTION MOMENT

Study Knee-Brace Design Comparison Condition FirstPeak  Second Peak
Draganich et al*® Neutral valgus brace No brace -9 NR

1.5° valgus brace -25 NR
Fantini Pagani etal®®  4° valgus brace No brace 2 -18

8° valgus brace -7 21
Fantini Pagani et al®®  Neutral valgus brace No brace -6 -14

4° valgus brace -13 22

8° valgus brace -19 -34
Jones et al'* 6° valgus brace No brace -7 -13
Lindenfeld et al* Adjustable valgus brace No brace -10 NR
Pollo et a**® 4° valgus brace No brace -13 NR
Toriyama et al'”’ Adjustable valgus brace No brace -1 0
Abbreviations: KAM, knee adduction moment; NR, not reported.

due to the fact that each study examined
a brace made by a different manufacturer,
with varying degrees of valgus correction.
Misalignment of the brace hinge because
of poor fit may also affect its usefulness
in reducing KAM and could lead to in-
creased patient discomfort.!*° Therefore,
it is probable that the effectiveness of the
brace is dependent on its mechanical de-
sign and how well it fits the patient.
Valgus knee braces have
been shown to significantly reduce
knee pain in the short term (0-12
months).6973109120129.149 Tpy 3 randomized
controlled trial of 117 patients with me-
dial knee OA, valgus bracing resulted
in better knee function and walking
distance compared with no brace in pa-
tients with varus malalignment.” How-
ever, many patients in that study did not
adhere to the brace treatment, mainly
because of skin irritation and poor fit.
Therefore, lack of treatment adherence
may be the biggest factor in limiting
good outcomes in the long-term use of
valgus knee braces. Custom-fitted val-
gus bracing may offer better compliance
by providing more comfort and leading
to more desirable changes in joint load-
ing, with better subjective relief of knee
pain.?>2 In a prospective, parallel-group,
randomized clinical trial of 119 patients

also

with knee OA and varus malalignment,
custom-made unloader bracing resulted
in significant improvement in the dis-
ease-specific quality of life and function
at 6 months.'® Although the patients in
that study found the custom-fitted brace
to be reasonably comfortable, it was more
common for them to wear the brace for
specific activities rather than for the en-
tire day. This may limit the usefulness of
the brace for people who regularly engage
in activities that may not be amenable to
wearing a brace. Additionally, individuals
who are obese may have particular diffi-
culty with generically sized braces. Val-
gus knee braces are also expensive and
may be financially impractical for many
patients with knee OA. Finally, valgus
knee braces may only be effective for in-
dividuals with isolated medial knee OA
and in the absence of a major fixed knee
joint deformity. It is currently unknown
which patients are ideal candidates for
valgus bracing, and additional studies are
needed to identify important predictive
variables for its successful use.

Gait Modification

Training patients with knee OA to modify
their gait pattern may also be beneficial
in reducing knee loads, with or without a
need for an external device. A systematic
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review of gait-modification strategies for
reducing KAM recently concluded that
modification strategies such as ipsilat-
eral trunk lean and toe-out gait indeed
have the ability to reduce medial com-
partment joint loading.'”® An ipsilateral
trunk lean is a compensatory mechanism
naturally adopted by many patients with
medial knee OA for symptomatic relief
during gait, with greater trunk leans be-
ing associated with greater disease sever-
ity.®*7 Transfer of the body’s center of
mass and, therefore, the center of pres-
sure laterally through an ipsilateral trunk
lean can shift the GRF vector closer to the
knee joint center and thereby reduce the
external KAM lever arm. A self-induced
lateral trunk lean toward the stance limb
in healthy subjects has been shown to ef-
fectively reduce the first peak in KAM by
as much as 65% (TABLE 5).1*” Additionally,
greater amounts of naturally adopted lat-
eral trunk lean have been shown to lead
to greater reductions in KAM in patients
with medial compartment knee OA.8%17
Although lateral trunk lean may sub-
stantially reduce medial compartment
loading, the training of this movement
strategy as a long-term solution should
be considered in light of increases in body
sway and the risk of falls, increased prob-
ability of injury to other body regions,
such as the hip and the lumbar spine, and
the potential for excessive loading of the
lateral tibiofemoral compartment.
Walking with a toe-out gait (ie, exter-
nally rotated lower limb) has also been
proposed to reduce medial compartment
joint loads by converting a portion of the
external KAM into an external knee flex-
ion moment.’*® The external rotation of
the lower limb reduces KAM by shifting
the GRF vector closer to the knee center
of rotation, thus shortening the external
KAM lever arm by 7% and reducing the
first peak in KAM by as much as 11%
(TABLE 5). However, biomechanical evalu-
ations of toe-out gait in patients with me-
dial compartment knee OA have, for the
most part, reported larger reductions in
the second peak of KAM during the late
stance phase of gait, due to a lateral shift

[ CLINICAL COMMENTARY ]

IMMEDIATE INFLUENCE OF GAIT MODIFICATION
ON KNEE ADDUCTION MOMENT
KAM Change, %

Study Gait-Modification Strategy Comparison Condition FirstPeak  Second Peak
Hunt et al*® 4° |ateral trunk lean Natural gait -6 -13

8° lateral trunk lean -17 -13

12° lateral trunk lean -20 -15
Mindermann et al”  Increased mediolateral trunk lean  Natural gait -65 NR
Mtindermann et al*®  10° lateral trunk lean Natural gait -55 NR
Simic et al”® 6° lateral trunk lean Natural gait -9 -7

9° lateral trunk lean -1 -18

12° lateral trunk lean -15 -24
Fregly et al®® 15.0° toe-out gait Natural gait 0 -38
Guo et al”® 18.6° toe-out gait Natural gait +1 -40
Jenkyn et al'® 11.4° toe-out gait Natural gait -1 -35
Lynn and Costigan'®  17.1° toe-out gait Natural gait +2 23
Lynn et al** 40.2° toe-out gait Natural gait +13 =25
Schache et al*® 11° toe-out gait Natural gait 0 -23

Medial knee thrust -44 =17
Barrios et al* Increased hip internal Natural gait -20 NR

rotation/adduction

Fregly et al®’ Medial knee thrust Natural gait -50 =l3fs)
Walter et al® Medial knee thrust Natural gait -32 -15
Abbreviations: KAM, knee adduction moment; NR, not reported.

in the path of the center of pressure. In
support of the potential long-term ben-
efits of toe-out gait, a longitudinal obser-
vational study of 56 patients with medial
knee OA demonstrated that a greater nat-
urally adopted toe-out angle during gait
was associated with reduced likelihood
of structural disease progression over 18
months.?* However, issues with compli-
ance may render long-term outcomes less
effective, as implementation of toe-out
gait modification requires a permanent
adoption of an altered gait strategy by the
patient. The externally rotated lower limb
also causes the GRF vector to pass more
posterior to the knee center of rotation in
the sagittal plane, and therefore may lead
to an undesirable increase in the external
knee flexion moment and greater loading
of the knee joint.!*°

Gait-modification strategies targeting
the hip and ankle joint may also provide
unique opportunities for reducing medial
knee compartment loading in patients
with knee OA. For instance, the “medial

knee thrust” gait pattern, which involves
a conscious movement of the knee joint
in a medial direction, has been proposed
as an effective strategy for decreasing
KAM. Medial movement of the knee
joint, by changing the orientation of the
femur at the hip joint and/or the tibia at
the ankle joint, repositions the knee joint
center closer to the GRF vector and thus
reduces the external KAM lever arm. In
a single-subject study, modeling simula-
tions of the medial-thrust gait pattern
in a patient with knee OA predicted re-
ductions of as high as 50% for the first
peak and 55% for the second peak in
KAM (TABLE 5).57 A recent study of sys-
tematic training of medial-thrust gait
pattern using real-time knee alignment
feedback also reported a 19% decrease
in KAM after only 8 training sessions in
8 asymptomatic but varus-aligned indi-
viduals." Although seemingly effective,
training of this movement modification
may pose several clinical challenges, giv-
en the complexity of the movement and
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the requirement for special training and
biofeedback equipment.”® Implementing
this strategy for patients with multicom-
partmental knee OA, end-stage disease,
or an associated fixed knee joint defor-
mity may also lead to suboptimal treat-
ment outcomes. Larger randomized trials
with long-term follow-up surveillance are
currently needed to establish the clinical
applicability and joint-protective abilities
of medial-thrust gait-modification strat-
egies for treatment of individuals with
knee OA.

EXERCISE THERAPY
TO REDUCE JOINT
LOADING IN KNEE OA

OWER EXTREMITY MUSCLE WEAKNESS

is a hallmark impairment of knee

OA. Muscular strength is critical to
maintaining proper dynamic joint func-
tion, as muscles aid in shock absorp-
tion and proper force transfer across the
joint.?® Although large randomized clini-
cal trials of knee OA management have
substantiated the effectiveness of exer-
cise therapy in reducing pain, improving
function, and limiting disability, there
are currently no recommendations for
exercise therapy to promote better joint
protection for prevention of further joint
damage.®*

Quadriceps Strengthening

Quadriceps muscle weakness is sug-
gested as a strong risk factor for knee
OA®018218 and a good predictor of pain
and impaired physical function in those
with symptomatic disease.>*>**? To this
end, evidence from several studies sug-
gests that quadriceps weakness is asso-
ciated with higher rates of joint loading
during the early stance phase of gait and
higher average KAM during the entire
stance phase of gait.1?>15518¢ Accordingly,
several mechanical explanations have
been suggested for the potential rela-
tionship between quadriceps strength
and prevention of structural disease pro-
gression in knee OA. For instance, the
quadriceps may have a joint-protective

role as shock absorbers to help dampen
the rate of knee joint loading, such as the
potentially harmful loads occurring at
heel strike during gait.?” Due to the lat-
erally positioned patellar tendon line of
pull with respect to the knee center of ro-
tation, contraction of the quadriceps has
also been suggested to provide abduction
moments that help to stabilize the knee
joint in the frontal plane and contribute
to balancing the KAM during the early
stance phase of gait.*'” Additionally,
coactivation of the quadriceps and ham-
strings can counteract a major portion of
the passive KAM generated during gait.'>!
However, muscle cocontractions could
also significantly increase the overall
compressive loads imparted on the knee
joint and may not be desirable.'**
Conversely, Lim and colleagues®
recently reported no significant asso-
ciation between quadriceps strength and
peak KAM during gait in 184 community
volunteers with medial knee OA. Fur-
thermore, randomized controlled trials
of quadriceps strengthening in patients
with medial compartment knee OA, with
or without a static varus malalignment,
reported no posttreatment changes in
KAM during gait or a step-down task,
even though increases in quadriceps
strength and improvements in pain and
function were observed.®*!#13! Despite the
lack of evidence in support of the effec-
tiveness of quadriceps strengthening in
reducing KAM, the potential unloading
benefits of this intervention in patients
with knee OA should not be completely
ruled out. Walter and colleagues®** re-
cently suggested that a reduction in peak
KAM may not be the only mechanism
by which the peak medial compartment
compressive forces could be reduced.
This conclusion was reached based on the
finding that an expected reduction in the
medial compartment compressive loads
due to a decrease in KAM may be attenu-
ated by an increase in the absolute value
of the external knee flexion moment. To
this end, better control of the knee flexion
motion provided by stronger quadriceps
could lead to reductions in the knee flex-

ion moment and a decrease in compres-
sive loading of the medial tibiofemoral
compartment. Therefore, in investiga-
tions of quadriceps strengthening pro-
grams where improved clinical outcomes
in pain and function were not associated
with a reduction in KAM,6:18131 Jack of
consideration for potential changes in
the knee flexion moment may have con-
tributed to an incomplete picture of the
posttreatment unloading of the medial
knee compartment.

The role of quadriceps strength in
preventing structural progression of knee
OA is also controversial. Large prospec-
tive cohort studies have suggested that
quadriceps weakness is a risk factor for
developing knee OA in women'®® and
that quadriceps weakness can predict
incident symptomatic knee OA over 2.5
years.'%? On the other hand, a prospective
study of the natural history of knee OA
in 265 individuals failed to show any as-
sociation between quadriceps weakness
and tibiofemoral joint cartilage loss over
2.5 years.® Quadriceps weakness among
women with established knee OA was
also reported not to be associated with
increased risk of radiographic disease
progression over 2.5 years.’® Similarly,
a randomized clinical trial of lower ex-
tremity strength training versus range-of-
motion exercise in 221 older adults failed
to demonstrate that a better retention of
quadriceps strength had a protective ef-
fect on progression of joint space narrow-
ing over 30 months.**?

Although quadriceps strengthening
has proven to be effective in reducing pain
and improving function in patients with
knee OA, 28118147 henefits may be more evi-
dent in patients without knee malalign-
ment and with less severe disease.!'®
Overall, despite its beneficial effects on
reducing pain and improving function,
whether quadriceps strengthening can
influence loading of the knee joint or
prevent structural disease progression in
patients with knee OA remains unclear.
These findings have potential clinical
implications, as conventional exercise
regimens recommended for treatment of
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FIGURE 3. Weakness of the stance-limb hip abductor muscles can result in a contralateral pelvic drop, shifting the
body’s center of mass away from the stance limb and toward the swing limb. The medial shift of the center of mass
away from the stance limb consequently increases the perpendicular distance between the GRF and the center of
rotation of the knee (d), which leads to an increase in the KAM and compressive loads on the medial tibiofemoral
compartment. Abbreviations: GRF, ground reaction force; KAM, knee adduction moment.
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knee OA are heavily focused on isolated
quadriceps strengthening, despite lack
of strong evidence that quadriceps can
influence KAM or prevent structural dis-
ease progression.

Hip Abductor Strengthening

More recently, a new body of evidence
has emerged to support the premise that
impairments of the hip abductor muscu-
lature may also be linked to the pathome-
chanics of knee OA.?*®! In a prospective
cohort study of 57 patients with knee
OA, hip abductor weakness was associ-
ated with a greater likelihood of medial
knee OA progression over 18 months.?
Evidence also suggests that significant
strength deficits of the hip abductors are
common in patients with knee OA.>16:5!
Weakness of the stance-limb hip abduc-
tors can result in a drop of the contra-

lateral pelvis, shifting the body’s center
of mass away from the stance limb and
toward the swing limb.?* This shift of the
center of mass will theoretically increase
the external KAM lever arm, thereby in-
creasing the loading of the medial tibio-
femoral compartment (FIGURE 3).18

The evidence related to the influence
of hip abductor muscle weakness in al-
tering medial compartment knee loads,
however, remains inconclusive across the
literature. In a small pilot study of 6 in-
dividuals with medial knee OA, a 4-week
exercise program specifically targeting
the hip abductor musculature resulted in
small decreases in KAM but significant
improvements in knee pain scores.'9?
Conversely, a 6-month randomized clini-
cal trial of progressive resistance train-
ing targeting the hip abductors failed to
show any improvements in KAM despite

significant increases in hip abductor
strength.%? Two other randomized clini-
cal trials of home-based hip abductor
strengthening also reported no effects
on KAM despite significant gains in
strength and improvements in pain and
function.!6#!

A potential explanation for the incon-
sistent findings regarding the influence
of hip abductor muscle strengthening
in reducing KAM is the lack of consid-
eration for whether patients with knee
OA actually presented with a contralat-
eral pelvic drop. It could be argued that
in the absence of a contralateral pelvic
drop, hip abductor muscle weakness
and, therefore, hip abductor strengthen-
ing may have no influence on KAM and
medial compartment loading.'®® Alterna-
tively, many patients with hip abductor
muscle weakness will naturally adopt a
compensatory ipsilateral trunk lean gait
strategy. Given the effectiveness of ipsi-
lateral trunk lean to substantially reduce
KAM (TABLE 5),"7 it would be unlikely that
strengthening of the hip abductor mus-
culature in patients with ipsilateral trunk
lean would lead to any further decreases
in joint loading. Despite significant im-
provements in pain and function after
hip abductor muscle strengthening, the
biomechanical role of hip abductor mus-
culature in terms of its ability to improve
the loading environment of the knee
joint in patients with knee OA remains
inconclusive.

Neuromuscular Training

Recent findings from computational
modeling efforts suggest that medial
compartment loading represents the
composite effect of contributions from
both the knee-spanning and non-knee-
spanning muscles.!?4175185203 Shelburne
et al' and Winby et al*°® concluded that
the cocontraction of the quadriceps,
hamstrings, and gastrocnemius muscles
significantly contributes to medial com-
partment compression during normal
gait. Sritharan et al**® also demonstrated
that contraction of non-knee-spanning
muscles, such as the gluteus medius and
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the soleus, can substantially influence
the medial knee compartment compres-
sive forces. Therefore, improvements in
the loading environment of the knee joint
may require targeting muscles beyond
those that cross the knee joint. These
findings also provide a potential explana-
tion for why training strategies of single
muscle groups (quadriceps or hip abduc-
tors) have been shown to be ineffective
in reducing KAM in previous investiga-
tions.16:60118181 T this end, the addition
of a neuromuscular training program
aimed at improving sensorimotor con-
trol and functional stability of the entire
lower limb to traditional strengthening
exercises may provide additional oppor-
tunities to capitalize on the beneficial ef-
fects of stronger muscles to achieve better
knee joint biomechanics in patients with
knee OA.>* Evidence in support of this
notion has been provided by recent pi-
lot studies of combined neuromuscular
training that includes balance, perturba-
tion, agility, plyometrics, and endurance
activities along with traditional lower-
limb muscle strengthening exercises to
lead to positive joint-protective reduc-
tions in loading across the knee joint.!19°

JOINT INSTABILITY
AND KNEE OA

PISODIC REPORTS OF KNEE JOINT IN-

stability (eg, giving way, buckling, or

the shifting of arthritic knees) dur-
ing activities of daily living are common
and represent a significant cause of func-
tional limitation in individuals with knee
OA.%198 The sensation of joint instability
is most likely associated with abnormal or
excessive translations of the articular sur-
faces that subject the knee joint to harm-
ful shear forces and accelerated rates of
disease progression.® To this end, the
presence of greater levels of muscle co-
contraction in patients with knee OA, as
a compensatory strategy for knee stabili-
zation, has previously been reported."617
However, greater muscle cocontraction
can further increase the joint compres-
sive forces and hasten the progression of

OA.55203 Tn addition, recent evidence sug-
gests that greater muscle cocontraction is
an ineffective strategy for limiting knee
joint instability.'®s As the combined ef-
fects of excessive shear forces and muscle
cocontraction can adversely affect symp-
toms and the rate of disease progression,
more appropriate interventions aimed
at mitigating joint instability should be
considered in the management of indi-
viduals with knee OA. Treatment of joint
instability is especially important, as im-
provements in joint stability have been
reported to increase the odds of a positive
treatment response to therapeutic exer-
cise in patients with knee OA.>

Physical impairments such as muscle
weakness, impaired proprioception, and
joint laxity have been hypothesized to be
important causal factors in self-reported
knee instability in patients with knee
QA 5258 1116117166199  Therefore, exercise
therapy and neuromuscular training
have been suggested as potential treat-
ment options in patients with reports
of instability. In a case report of a single
patient with knee OA and episodes of
knee instability, 12 sessions of lower-limb
stretching, strengthening, and endur-
ance exercises, supplemented with agil-
ity and perturbation training techniques,
resulted in significant improvements in
pain and function and a reduction in
occurrence of knee instability.”® Agility
and perturbation training has also been
shown to be effective in the treatment
of knee joint instability after anterior
cruciate ligament injuries, by improv-
ing knee joint kinematics and reducing
muscle cocontractions.??> However, a re-
cent randomized clinical trial involving
individuals with knee OA reported only
small improvements in the proportion
of participants reporting knee instabil-
ity after completing a 12-session agility
and perturbation program.*” The authors
concluded that a more intense applica-
tion of the agility and perturbation inter-
vention might have yielded better results.
Knee bracing has also been shown to be
an effective option in providing pain
relief and reducing harmful muscle co-

contractions while diminishing self-re-
ported instability in patients with knee
OA."*5 The benefits of wearing a brace,
in terms of reductions in pain and im-
proved joint stability, may be the result
of reduced muscle cocontractions, which
are mediated by the brace as it mechani-
cally stabilizes the knee joint.'*® Given
that most episodes of knee instability oc-
cur during walking,*>™" treatment strat-
egies may need to specifically focus on
knee-stabilization strategies during this
functional task. As the optimal treatment
option remains elusive, future random-
ized controlled trials and biomechanical
studies are needed to demonstrate the
effectiveness of various interventions in
reducing knee joint instability in patients
with knee OA.

PATELLOFEMORAL JOINT
LOADING AND OA

LTHOUGH THE KNEE COMPLEX IS A

tricompartmental joint consisting

of the lateral and medial tibiofemo-
ral and the patellofemoral joints, OA of
the knee has primarily been viewed as a
disorder of the tibiofemoral joint alone.
Therefore, the importance of patellofem-
oral joint disease has received less atten-
tion.?¢” Pathology of the patellofemoral
joint is of clinical relevance, as up to one
third of individuals older than 60 years
present with radiographic evidence of
patellofemoral OA.>° Presence of patel-
lofemoral symptoms is also associated
with high levels of disability, functional
limitation, and a significant loss of inde-
pendence in older adults.?¢'*° Based on
the current evidence, a multicompart-
mental approach to treatment of knee
OA is warranted, as the combined radio-
graphic disease pattern of tibiofemoral
and patellofemoral OA is found in up to
40% of older adults with knee pain.?” In
addition, knees with structural damage in
both the tibiofemoral and patellofemoral
compartments are more likely to be pain-
ful and are associated with greater loss
of function compared with isolated com-
partmental disease.*®'5®
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Patella Malalignment and Tracking Issues
Although OA of the tibiofemoral joint
is inherently associated with increas-
es in frontal plane knee moments (ie,
KAM), disorders of the patellofemoral
joint have traditionally been linked to
increased patellofemoral joint stress
due to abnormal patella alignment and/
or tracking.587.96136148 The supposition
that excessive patellofemoral joint stress
plays a role in the genesis of patellofemo-
ral joint disease is supported by animal
studies that have provided histological
evidence for surgically induced patella
malalignment resulting in cartilage
degeneration.”?5!¢! In addition, patella
malalignment has been associated with
manifestations of patellofemoral OA and
higher rates of disease progression in
large observational cohort studies.?*1%%

Taping and Bracing

Given the apparent relationship between
patellofemoral malalignment, excessive
joint loading, and OA, it stands to reason
that interventions that aim to decrease
loading through improving patella align-
ment (eg, taping or bracing) would be
beneficial in the treatment of individuals
with patellofemoral OA. Patellofemoral
taping aimed to induce a medial glide of
the patella has been suggested as an ef-
fective intervention option to realign the
patella so as to reduce joint stress and
to unload the painful soft tissues of the
patellofemoral joint. Several randomized
clinical trials in patients with knee OA,
both with and without involvement of the
patellofemoral joint, have shown reduc-
tions in pain with patella taping.297>5° Al-
though changes in patella alignment can
occur immediately following taping,?®
whether the reported changes persist fol-
lowing prolonged use of the tape is un-
known. Unlike taping, however, bracing
may not be as effective for patients with
patellofemoral OA, as a recent random-
ized clinical trial of a 6-week application
of a specific realigning patellofemoral
brace reported no clinical or statisti-
cal effects.?® Lack of patient compliance
combined with possible skin-related side

[ CLINICAL COMMENTARY ]
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FIGURE 4. A 5° reduction in excessive femoral internal rotation can substantially reduce the stress environment of
the patellofemoral joint through increasing the patellofemoral joint contact area and more efficiently distributing
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effects associated with patella taping
and bracing limits the long-term fea-
sibility of such treatment options. Ad-
ditionally, greater patellofemoral joint
disease severity may limit the response
to both taping and bracing. At best, tap-
ing and bracing appear to provide short-
term symptomatic relief but show no
evidence of a protective effect on disease
progression.

Exercise Therapy

It has also been suggested that decreased
quadriceps strength may play a role in
pathogenesis of patellofemoral OA. In a
rabbit model, a 4-week botulinum toxin
type A-induced quadriceps weakness re-
sulted in significant histologically verified
cartilage degeneration, whereas the tib-
iofemoral joint remained unaffected.”” A
cross-sectional study of 2472 older adults
over the age of 60 also demonstrated an
association between decreased quad-
riceps strength and radiographic joint
space narrowing of the lateral patello-

femoral joint compartment.® Similarly, a
prospective study of the natural history of
knee OA concluded that greater quadri-
ceps strength appears to have a protective
effect against cartilage loss of the lateral
compartment of the patellofemoral joint.?
However, when these strong associations
were tested in a prospective clinical trial,
manipulating weakness of the quadriceps
did not influence symptoms, suggesting
that quadriceps weakness may be a conse-
quence of patellofemoral OA rather than
its cause. In a 10-week randomized clini-
cal trial of supervised quadriceps exer-
cises and functional training, along with
patella taping, in 87 patients with patel-
lofemoral OA, Quilty and colleagues'®®
reported minimal long-term clinical
benefits. Weakness of the vastus medialis
portion of the quadriceps muscle has also
been suggested as a potential mechanism
for patellofemoral joint malalignment
and excessive joint loading due to lateral
tracking of the patella.?”6220°© However,
exercise programs designed to specifically
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address impairment of the vastus media-
lis have been shown to be comparable to
generic exercise programs in improving
joint biomechanics, pain, function, and
quality of life.”*'*” Findings from these
studies suggest that quadriceps strength-
ening with functional or vastus medialis
training may not be sufficient for treat-
ment of patellofemoral joint dysfunction
and that additional exercises should be
considered.

Improving Lower-Limb Dynamics

Evidence from studies of younger pa-
tients with patellofemoral pain also sug-
gests that altered lower-limb dynamics,
resulting from local factors as well as
those both proximal and distal to the
knee joint, may influence patellofemo-
ral joint alignment and loading.!>114150:15¢
Proximal etiologic factors are related
to hip, pelvis, and trunk mechanics,
whereas distal factors are related to the
mechanics of the foot and ankle.* To this
end, magnetic resonance imaging stud-
ies of patellofemoral joint kinematics in
patients with patellofemoral pain suggest
that malalignment of the patellofemoral
joint may be more related to excessive in-
ternal rotation of the femur underneath
the patella than to the more commonly
assumed excessive lateral displacement
of the patella over the femur.'*>'** Using a
previously published model of the patel-
lofemoral joint*” in a single case of an in-
dividual with patellofemoral symptoms
(unpublished data), it was estimated
that a 5° reduction in excessive internal
rotation of the femur could decrease the
peak patellofemoral joint articular car-
tilage compressive pressures and shear
stresses by as much as 63% and 200%,
respectively (FIGURE 4). Therefore, ad-
dressing factors that control excessive
femoral internal rotation is recommend-
ed to improve the mechanical load-
ing environment of the patellofemoral
joint.’® For instance, supplementation of
hip abductor and lateral rotator muscle
strengthening to quadriceps exercises re-
sulted in additional pain reduction and
improvement in function for patients

with patellofemoral pain after 6 weeks of
treatment.’** Although strategies to ad-
dress impairments of regions proximal
and distal to the knee, such as hip mus-
cle strengthening,'*!** neuromuscular re-
training,®®12%16 and foot orthoses,**101164
have been shown to result in significant
reduction in symptoms in younger indi-
viduals with patellofemoral pain, further
research is needed to substantiate the
efficacy of such interventions in older
adults with patellofemoral OA.

CLINICAL IMPLICATIONS

HOUGH ADDITIONAL MECHANISTIC

studies and randomized controlled

trials are needed before defini-
tive treatment recommendations can be
made, based on the current scientific evi-
dence and clinical experience, it could be
argued that the focus of physical therapy
management of patients with knee OA
should be individualized and based on
both short- and long-term intervention
plans. First, attention should be given
to short-term intervention options to fa-
cilitate early management of symptoms
and mitigation of barriers to performing
everyday tasks and exercise. Short-term
adaptive strategies may include providing
equipment or modifying the demands of
daily activities to limit excessive loading
of the knee joint. However, caution must
be exercised, as alleviation of knee pain
alone without enhancing the biomechan-
ical environment of the knee joint could
result in additional increases in joint
loading due to the loss of pain-induced
adaptations.”9>167 Long-term treatment
plans should then be implemented to
restore or establish more permanent
suitable joint biomechanics and improve
functional capacity.

Short-Term Treatment Options

The overall goal of short-term interven-
tions is an immediate reduction in the
chronically high loads imparted to the
injured knee joint, providing urgent
symptomatic relief. As such, identifying
easily measured clinical signs of high me-

dial compartment loads may assist clini-
cians in deciding which load-modifying
interventions would be most appropriate
for their patients. Hunt and Bennell®¢
recently reported that clinical measures
of body mass, static tibial malalignment
measured with calipers or an inclinom-
eter,*>*¢ and walking speed can explain
up to 67% of variance in peak KAM in
patients with medial compartment knee
OA. Based on this finding, a combina-
tion of interventions aimed at reducing
the effects of increased body mass and
knee malalignment (if present) or reduc-
ing gait speed should be considered as
viable short-term options for immedi-
ate lowering of the knee joint loads and
symptoms in patients with knee OA. For
example, instructions on proper use of a
cane on the side contralateral to the ar-
thritic knee joint can be used as an early
offloading strategy, by shifting a portion
of the body mass off the symptomatic
knee tissues during weight-bearing ac-
tivities such as walking.'°7'?> Full-length
laterally wedged insoles**"57® or valgus
knee bracing*¢120170197 may also be effec-
tive in modifying the tibiofemoral joint
angle and the dynamic loading of the
knee joint, thereby decreasing medial
compartment compressive loads. Ad-
ditionally, gait retraining strategies to
reduce walking speed, especially in pa-
tients with less severe disease,® could
be an effective offloading approach on a
short-term basis. Similarly, an ipsilateral
trunk lean gait strategy could provide sig-
nificant offloading of the arthritic knee
joint, given its reported potential as per-
haps the most effective strategy to reduce
KAM.™ If present, an ipsilateral trunk
lean during gait should be maintained; if
absent, it should be encouraged through
gait retraining as a short-term offloading
strategy. However, the functional conse-
quences of both a slower walking speed
and an ipsilateral trunk lean make these
strategies less appropriate as long-term
options. Patella taping techniques are
also recommended for patients with in-
volvement of the patellofemoral joint, as
they are relatively simple to apply and
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FIGURE 5. Example of an individual with left-sided, lower-limb varus malalignment demonstrating a medial knee thrust movement pattern while descending a set of stairs.
During bilateral stance, the ground reaction force vector (blue line) passes medial to the left knee center of rotation (A), creating a knee adduction moment. During the loading
phase of stair descent (B), medialization of the left knee moves the joint center of rotation closer to the ground reaction force vector and reduces the external lever arm, thus
minimizing the knee adduction moment. The medialization of the left knee continues through the stance phase to the point where the ground reaction force passes lateral to
the knee joint center (C), thus creating an abduction moment about the knee joint. An excessive knee abduction moment could potentially be undesirable, as it increases the
loads imparted on the lateral tibiofemoral and patellofemoral compartments.

can be taught to patients for self-man-
agement purposes to reduce pain during
exercise and functional activities.2%75°

Long-Term Restorative Treatment Plans
Unlike temporary intervention options
that could be implemented immediately,
the goal of long-term treatment solutions,
which take longer to implement and
yield results, is to permanently enhance
the knee joint-loading environment. In-
dividualization of long-term treatment
programs is a key factor to consider, as
the same treatment intervention may
have a dissimilar effect on different knee
subsets based on presence or absence of
individual local risk factors, such as tibio-
femoral malalignment or lower extremity
muscle weakness. Thus, it stands to rea-
son that treatment of symptomatic knee
OA should always be tailored to the clini-
cal presentation and individual needs of
each patient.

Muscle-enhancing interventions of
the entire lower limb and the trunk, en-
compassing both strengthening exercises
and neuromuscular control components,
should be considered for long-term treat-
ment of individuals with knee OA to im-
prove pain and function, while offering
potentially joint-protective muscle activ-
ity.'? Implementing a medial-thrust gait-
training program could also be used as
an offloading strategy to lessen KAM in
patients with medial compartment knee
OA."20! Medial-thrust gait training, by
verbally instructing patients to bring
their thighs inward and to walk with
their knees closer together, while pro-
viding them with feedback on their knee
alignment, has previously been shown to
result in a natural-feeling and less effort-
ful execution of medial-thrust gait pat-
tern, which was maintained at a 1-month
follow-up visit." As a medial-thrust gait
has been associated with a tendency for

an undesired increase in the peak knee
flexion moment,%*2*! efforts to train pa-
tients with medial knee OA to perform a
medial-thrust gait pattern (if indicated)
should emphasize a minimal increase in
knee flexion angle during gait.>**
Further modification of daily activi-
ties or occupational factors by teaching
new methods of performing daily tasks
or by changing requirements of the de-
sired activities should also be consid-
ered as a long-term treatment option.
Task-specific exercises could be utilized
to better provide the patient with the op-
portunity to practice and learn problem-
solving skills for potentially problematic
functional activities.”° Additionally, a
task-specific approach provides the op-
portunity to train the patient in joint-
protective strategies by improving the
biomechanical environment of the joint.
For example, a patient with medial knee
OA and a standing varus malalignment
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(FIGURE 5A) who reports difficulty and
increased pain with going up and down
stairs could be trained to adopt a medial-
thrust knee movement pattern intended
to decrease medial compartment loads
when negotiating a set of stairs. A posi-
tive response to this treatment strategy
would be an immediate decrease in pain
while going up and down stairs. As the
knee joint shares its proximal and distal
segments (ie, femur and tibia) with the
hip and ankle joints, femoral internal
rotation and adduction at the hip joint,
and/or pronation of the midfoot along
with abduction of the tibia at the ankle
joint, can bring the knee joint center
closer to the line of action of the GRF
and thus decrease the loads imparted on
the medial knee compartment (FIGURE
5B)." It is important to note, however,
that excessive amounts of lower-limb val-
gus movement past a neutral alignment
(FIGURE 5C) can lead to greater loading
of the lateral tibiofemoral and patello-
femoral compartments.?**! Therefore,
whereas encouraging sufficient medial
knee movement toward a more neutral
alignment may be beneficial in patients
with isolated medial knee OA, excessive
amounts of lower-limb valgus should be
avoided to protect the lateral compart-
ment structures and the patellofemoral
joint from degenerative changes.?%'7

SUMMARY

HEN SUMMARIZING THE OVERALL

data on physical therapy strate-

gies for treatment of knee OA,
considerations for maintaining a safe
loading environment for the knee joint
are recommended to aid physical thera-
pists in developing more efficient and
effective rehabilitation programs for pa-
tients with knee OA. Current evidence
also suggests that management of joint
instability and patellofemoral joint dis-
ease should be considered, along with
tibiofemoral joint involvement, when
tailoring an appropriate plan of care and
to optimize outcomes. When patient-
specific biomechanical factors are closely

considered, interventions can have a
more powerful impact, as the same in-
tervention may have a different effect
on different knee subsets, based on the
presence or absence of individual biome-
chanical factors or physical impairments.
Because of the observed positive associa-
tions between offloading interventions
and symptoms and measures of disease
progression, there is currently a great
deal of interest to better elucidate the
clinical effects of such strategies. How-
ever, the long-term clinical benefits of
many of these interventions are not yet
determined. @
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