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Abstract Knee osteoarthritis (OA) is prevalent and disabling
condition in older adults. Pain, weakness, instability, stiffness,
and loss of mobility result in a reduction of physical, recrea-
tional, and social activities that impact an individual’s health,
lifestyle, and societal role. Exercise is highly beneficial for the
many body systems that are impacted indirectly by this dis-
ease as well as for improving quality of life. The purpose of
this narrative review is to identify exercise options and dosage
parameters to aid the clinician in assisting individuals with
knee OA. These exercise options include cardiovascular
training, resistance training, and balance or neuromuscular
control training, which work to improve the cardiovascular
and neuromuscular systems to improve function. The
application of exercise by health care professionals is often
dosed at levels which may not achieve optimal gains for the
individual desiring to restore functional activities and improve
recreational and social participation. Understanding the
current literature on prescribing exercise for individuals with
knee OA aids clinicians in obtaining better patient outcomes.
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Introduction

Osteoarthritis (OA) is the leading cause of chronic disability in
the elderly [1] affecting over 21million people [2] in the USA.
That number is expected to rise in the coming decades owing
to growth in the older population as baby boomers age [3].
The prevalence of symptomatic knee OA has been reported to
increase with every decade of life, with the annual incidence
of knee OA being highest between 55 and 64 years of age [4].
Recent evidence estimates that 14 million persons in the
National Health Interview Survey of 2007–2008 had symp-
tomatic knee OA including one in eight individuals under
45 years of age, which represented nearly two million cases
and almost half the individuals between age 45 and 65 years
representing 6 million cases [4]. In addition, evidence exists
that younger adults in the military experience primary knee
OA at rates of 1.41 per 1000 person-years [5]. Both of these
suggest that individuals often begin the degenerative process
of knee OAmuch earlier in life than originally believed. Early
effects of knee OA can result in higher and more frequent
activity restrictions with resulting longer declines in physical
activity possibly accounting for some of the low levels of
function seen in older adults with knee OA. There is a large
physical, social, and economic burden with inactivity [6]. As
many adults are living longer into their seventh, eighth, and
ninth decades, longer inactivity could potentially result in
greater disability and healthcare utilization for knee OA.

OA most commonly affects the joints of the knees, hips,
spine, and hands [7]. The knees followed by the hips are the
most commonly affected weight-bearing joints. Women have
a higher incidence and prevalence of hand and knee OA [8],
whereas men have higher incidence and prevalence of hip OA
[9]. The pathogenesis of OA is no longer thought to be just
related to joint stresses that cause degeneration. Synovitis, or
an inflammation of the synovium in the joints, has been found
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to be responsible for pro-inflammatory cytokines including
interleukins (IL), tumor necrosis factors (TNF), and
transforming growth factor beta (TGF-b) that may regulate
other pro-inflammatory substances including collagenases
and a dis in tegr in and meta l lopro te inase wi th a
thrombospondin type 1 motif (ADAMTS) proteases, which
break down cartilage. In addition, bone growth related to os-
teophyte formation at joint margins facilitated by TGF-b can
result in altered joint mechanics and increase the inflammation
at the joint. The result of inflammation and altered joint me-
chanics can be cartilage damage within the joint.

There is no cure for OA, and therefore, management and
treatment options are imperative. Reducing disability resultant
from OA is paramount, as the economic consequences related
to the disease are high [10]. Conservative treatment options
for the relief of many OA symptoms include multimodal ap-
proaches such as orthotics and bracing, cold packs and ice
massage, modalities (both pulsed ultrasound and NMES),
manual therapy, and exercise including range of motion
(ROM), resistance training, functional training, and cardiovas-
cular training. A recent review of the Cochrane database for
conservative care of primarily low to moderate severity knee
OA found small and short-term improvements with NSAIDs
and other medications, some herbal supplementation, land and
aquatic exercise, acupuncture, intra-articular injections, and
viscosupplementation [11]. A recent study using supervised
multi-modal land and aquatic exercise as compared to
NSAIDs, intra-articular hyaluronic acid injections, and advice
in individuals with severe knee OA (grade 3 or above using
Kellgren-Lawrence scale) found superior results for general
fitness and function in the exercise group and improved pain
and stiffness in the medication group at 1-year follow-up [12].
Manual therapy has been shown to have short-term benefits as
well long-term benefits in addition to exercise [13, 14]. Other
treatment options, such as bracing and ultrasound, have low
quality to no evidence for improvement of knee OA symp-
toms [11]. At the most basic level, information and advice for
weight loss, exercise, and lifestyle alterations are important,
although self-management education alone has shown no to
small improvements in individuals with knee OA [11].
Education combined with exercise and weight loss ap-
pears to be much more beneficial in the long term and
result in cost efficiencies such as reduced medical visits
and other health care costs after 12 months due to im-
proved self-management [15].

Individuals with knee OA often have co-morbidities such
as cardiovascular disease and diabetes along with hyperten-
sion and obesity that all have strong evidence supporting ex-
ercise [16]. Recommended guidelines for activity in individ-
uals with knee OA include 20–30 min of moderate-intensity
activities three times per week. However, this falls short for
more recent minimum guidelines for all adults needed to pre-
vent heart disease and diabetes and achieve health benefits

[16, 17]. Using any mode of exercise, programs that include
more frequent exercise three or more days per week have been
found to reduce pain and disability more than programs less
than 2 days per week [18••]. Regardless of the guidelines,
individuals with knee OA often do not meet the minimum
recommended amount of activity for older adults for primary
or secondary prevention of cardiovascular disease and diabe-
tes. Reduced fitness levels and increased obesity often
indirectly increase the challenges for functional and
recreational activities in these individuals. Advanced
non-surgical interventions such as injections or surgery
including joint preserving techniques or partial and total
joint replacement techniques are common but recom-
mended only when other more conservative approaches
such as exercise have been exhausted [9].

The role of exercise in the disease process and progression
of OA has conflicting results in the literature. Adverse events
in the performance of exercise are rare for most individuals
and do not limit participation in exercise [19].Multiple studies
show that individuals who have had an active lifestyle do not
increase the risk for OA and even have less radiologic evi-
dence of OA [20–24]. Individuals who perform resistance
exercise particularly focusing on knee extensors and hip ab-
ductors have been shown to decrease the development of knee
OA [25–27]. However, there is some evidence that elite ath-
letic activity [22, 28] and even some recreational exercise [29]
can increase the risk of developing knee OA.

The main goals for exercise in individuals with OA are to
reduce pain; improve physical fitness capacity and endurance
measures; and increase function and participation in work,
recreation, and social activities. Specifically for knee OA, ex-
ercise has found to be beneficial [30]. A review by Jull et al.
[18••] found that overall pooled standard mean difference
(SMD) for pain reduction in patients with knee OA due to
exercise was 0.50 (95%CI 0.39, 0.62; P < 0.001). In addition,
they found that the effect size transformed into a VAS (0–
100 mm) for exercise to reduce pain was 8.5 mm (95 % CI
6.5, 10.5) and to reduce disability was 8.3 mm (95 % CI 5.9,
10.7). The number needed to treat (NNT) was estimated to be
six patients for pain reduction (95 % CI 5, 7) and six patients
for disability reduction (95 % CI 5, 8). Additionally, a
Cochrane Review identifying 32 studies including over 3500
individuals with knee OA found platinum level evidence that
there is at least short-term benefit in reduced knee pain and
improved physical function with exercise [31]. A moderate
treatment benefit was found with effect sizes of 0.40 (95 %
CI 0.30–0.50) for pain and 0.37 (95 % CI 0.25–0.49) for
physical function. The treatment effect for pain in these study
populations was comparable to that reported for NSAIDs but
with better functional gains and less side effects [32]. A sep-
arate review by Bosomworth [33] evaluating an additional 25
studies found that exercise did not increase the rate of progres-
sion of knee OA compared to those who had knee OA and did

180 Curr Geri Rep (2016) 5:179–190



not exercise. In addition, this review highlighted the lower
incidence of musculoskeletal pain and disability along with
an increased functional capacity in the individuals with knee
OAwho exercised.

Across the many studies that include exercise as a conser-
vative approach to management of knee OA, the mode or type
and the dosage of exercise vary. A systematic review by Smith
[34•] found that exercise is superior to no exercise in kneeOA;
however, exercise modes and intensities did not have statisti-
cally different functional outcomes. A recent meta-analysis
found that similar effects on pain and disability can be seen
with most modes of exercise including cardiovascular, resis-
tance, and performance or neuromuscular control-type exer-
cise [18••]. In a recent Cochrane review by Fransen et al.
[35••], statistically significant pooled effects were found from
exercise intervention for physical function immediately (SMD
of 0.52, 95 % CI 0.39 to 0.64) and in 2–6 months post-
intervention (SMD 0.15, 95 % CI 0.04 to 0.26), pain 2–
6 months post-intervention (SMD 0.24, 95 % CI 0.14 to
0.35), and quality of life immediately post-intervention
(SMD of 0.28, 95 % CI 0.15 to 0.40). Ulhman et al. [30] in
a meta-analysis found that there was a slight benefit from
resistance training in addition to exercises improving flexibil-
ity and aerobic capacity. In another meta-analysis by Juhl et al.
[18••], the best results for outcomes of pain and disability were
found when using one type of exercise as compared to mixing
two or more modes during the same session SMD for pain
0.45(95 % CI 0.20, 0.69; P < 0.001) and SMD for disability
0.36 (95 % CI 0.13, 0.58; P < 0.002). A high adherence to
exercise has been reported to be important to improve out-
comes [19]. Overall, exercise has been found to have good,
but primarily short term, benefits for the individual with knee
OA, indicating that successful integration and adoption of
exercise to an individual’s life are important for long-term
management [35••, 36]. With abundant evidence that exercise
is beneficial for persons with knee OA, this review focuses on
both the type of exercise and optimal dosage parameters iden-
tified in the literature to assist clinicians in developing man-
agement strategies to achieve improved outcomes.

General considerations for exercise in individuals with
knee OA need to include longer warm-up and cooldown
times. Guidelines suggest that both warm-up and cooldown
include cardiovascular activity sustained for 5 to 10 min in
length [37]. Proper foot wear that has higher levels of stability
and cushioning should be used to avoid any additional aggra-
vating factors during exercise. More recently, footwear with
higher levels of cushioning is available and individuals with
knee OA may find these options beneficial. At the least, poor
quality or well-worn footwear should be avoided during exer-
cise, although this consideration may be a financial barrier to
exercise for some individuals. Impact activities are suggested
to be avoided. Progression of exercise intensity and mode is
important to successful adoption of exercise programs by

individuals whowere previously sedentary or have low fitness
levels. Often, individuals with knee OA can participate in
many different activities if they have increased their activity
tolerance over an extended time. If an individual is experienc-
ing a flare up, severe joint pain or is obese, it is often recom-
mended to start exercise in water or in non-weight-bearing
modes of exercise. These load reduced modes can help prog-
ress an individual’s physiologic tolerance without limiting
joint aggravation or irritation. Weight loss has also been found
to be an important component and should be encouraged
through diet as well as exercise [38]. Some evidence cites joint
pain, joint effusion, and apprehension to be key problems for
exercise tolerance and exercise adherence [15, 39–45]. It is
common for individuals with knee OA to experience joint
pain during or after an exercise session. If joint pain continues
after exercise greater than 2 h, it is recommended that the
exercise parameters such as mode, intensity, and duration be
altered for future sessions [37]. When educated about the ben-
efits of exercise and improving coping behaviors, often, indi-
viduals with knee OA can improve their self-efficacy for ex-
ercise and beliefs related to pain management [15].

Cardiovascular Exercise

Outcomes with Cardiovascular Exercise

Cardiovascular or aerobic exercise has been found to provide
benefit for individuals with knee OA. Zhang et al. [46] per-
formed pooled effect sizes for pain relief and disability from
cardiovascular exercise and found moderate effects for pain
(ES = 0.52; 95 % CI 0.34, 0.70) and disability (ES = 0.46;
95 % CI 0.25, 0.67). In general, outcomes of cardiovascular
training improve physical function and reduce pain. Several
studies have found that cardiovascular exercise is as beneficial
to the pain relief seen with NSAIDs [18••, 32]. Specifically,
Jull et al. [18••] found that for every additional ten supervised
cardiovascular exercise sessions, the effect size for pain was
increased by more than 0.2, comparable to the pain relief seen
with acetaminophen for knee OA. Short- and long-term gait
function is reported to improve with cardiovascular exercise
[19]. An additional systematic review investigating only car-
diovascular exercise found that across 12 clinical trials, the
overall benefits of cardiovascular training include reduced
pain and joint tenderness with improved functional status
and respiratory capacity [47]. There are mixed reviews on
the psychological benefits or health perception changes from
cardiovascular exercise with some identifying no benefits [19]
and others noting improvements [48, 49].

Specific outcomes in a number of clinical trials that used
cardiovascular exercise as the primary exercise have found
beneficial effects of cardiovascular exercise alone. Outcomes
in Ettigner et al. [50] found individuals who participated in a
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3-month supervised plus 15-month home walking program
had small, but significant improvements in self-reported dis-
ability, peak VO2, pain, 6-min walk test (6MWT) distance,
stair time, and physical performance measures. A significant
protective effect was found for ADL disability for individuals
who participated in the same 3-month supervised plus 15-
month home walking program [51]. Kovar et al. [52] found
significant effects for pain, 6MWT distance, and self-reported
function after 8-week walking exercise plus health education
as compared to a control group receiving only health educa-
tion. Bautch et al. [53] found that those walked at low to
moderate intensity on a treadmill for 12 weeks had significant
reductions in pain compared to controls but no change in
biologic markers of collagen matrix at the knee. Further, car-
diovascular exercise was found to not cause disease progres-
sion in knee OA [53, 54]. Several studies have evaluated ex-
ercise groups in comparison to controls who perform no ex-
ercise. The exercise groups result in better outcomes in pain,
physical performance, quality of life, and disability measures
than those who did no exercise activity [50, 51, 55–57]. In
addition, lack of exercise or physical activity is actually detri-
mentally resulting in increased joint stress owing to weakened
muscles and joint structures, thinning of cartilage, oxidative
stress, increased low grade inflammation, and decreased sy-
novial fluid production [58–60]. All of these factors can fur-
ther contribute to the development and progression of OA.
Evcik et al. [61] found improvements in pain, disability, and
quality of life for those who participated in a low-intensity and
low-duration homewalking program for 3months.Minor et al.
[62] found a significant effect on aerobic capacity but did not
find a significant effect for disability and pain for participants
with knee OA performing 12 weeks of either walking or
aquatic exercise. Swimming and cycling has been found to
increase vascular function in individuals with lower extremity
OA [63]. In addition, walking programs have been shown to
improve psychological functioning [64]. Finally, cycling has
been found to be beneficial to improve pain, stiffness, pre-
ferred gait velocity, aerobic capacity, timed chair rise,
6MWT, and self-rated ADL performance [65, 66].

Dosage with Cardiovascular Exercise

Guidelines for persons with OA support cardiovascular exer-
cise that is at least 20–30 min a day for three or more days of
the week at low tomoderate intensities [46]. Sincemore recent
guidelines of the American Heart Association and American
College of Sports Medicine support the need for exercise in
adults to be at a minimum of 30 min 5 days/week at moderate
intensities for cardiovascular health, some of the previous ev-
idence may not be dosing cardiovascular exercise for individ-
uals with knee OA at appropriate levels for health [16, 17].
Determining what is moderate-intensity cardiovascular exer-
cise for each individual is important since individuals can be at

different physical fitness states regardless of age. It is impor-
tant that older adults with knee OA recognize and participate
in cardiovascular activities with these minimal durations and
intensities to prevent more life-threatening morbidity and
mortality due to cardiovascular disease (see Table 1) [17].

Cardiovascular exercise using walking has been recom-
mended for individuals who have knee OA to manage pain
[46]. Walking is a safe and easy exercise for individuals with
knee OA to perform either on land or with the use of a
treadmill. Often, individuals with knee OA self-select lower
intensities and clinicians underestimate their client’s
cardiovascular systems resulting in diminished abilty to
increase cardiovascular capacity. To avoid this, proper
intensity dosing is recommended. Direct evidence on
cardiovascular exercise in individuals with knee OA has
shown that walking programs are safe and effective at
moderate to vigorous intensities of 50–70 % of heart rate
reserve (HRR) [38, 50, 56]. When using the HRR method,
40–60 % of HRR is moderate intensity and over 60 % HRR
is vigorous. Lower intensities have been used in the literature
including self-pacing and intensities up to 40–60 % HR max
[53, 67, 68]. A submaximal aerobic capacity test provides a
more accurate method to dose cardiovascular exercise. For
example, Bautch et al. [53] used the Balke protocol in subjects
with knee OA. This test and others have been validated and
can easily be applied to this population.

Duration has also been evaluated for walking programs.
Several studies used an aerobic initiation period of one to
two sessions for a week to increase walking duration from
10 to 15 min up to 30–40 min [38, 50, 56, 61, 69]. One study
used baseline number of daily steps as a starting point and
increased the number of steps by 10 % every 4 weeks [68].
All these studies reported maintained and reduced pain in the
participants over the course of the study [50, 53, 56, 61, 69,
70]. Only one study found that if an individual was obese
(BMI ≥30) and the baseline number of steps was <10,000
on average, individuals had increased pain with walking,
and therefore, walking may not be the preferred mode of car-
diovascular exercise [69].

Cycling has also been found to be beneficial for cardiovas-
cular exercise. Individuals with knee OA tolerate upright bi-
cycles well, but those with reduced balance may prefer recum-
bent cycling. The literature supports cycling exercise at inten-
sities of 40–70 % HRR (moderate to vigorous) or 70–75 % of
HRmax (high end of moderate) [63, 65, 66]. The duration of
cycling exercise seems to extend slightly longer than
walking programs with the time ranging from 20 up to
60 min [63, 65, 66].

Aquatic exercise has been used to perform cardiovascular
training, although aquatic programs are often multimodal in
nature and difficult to determine the cardiovascular exercise
prescription. One study used music at 125 bpm for 40 min and
a series of rhythmic movements such as bounces, knee
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jogging, kicks, ankle reaches, twists, steps and crosses, leaps,
rocks, scissors, jumping jacks, and slide steps to maintain
elevation of the cardiovascular system in aquatic sessions
[49]. Swimming has been used 20 to 30 min/day progressing
to 40 to 45 min, 3 days/week at an intensity of 40 to 50 % of
HRR progressing to 60 to 70 % of HRR [63]. Another study
looked at aquatic treadmill walking at a self-paced speed for
20 min in comparison to land treadmill walking [71]. In this
study, both aquatic and land treadmill walking had similar
benefits, but the aquatic walking program had additional
benefits in joint angular velocity and pain reduction.

Resistance Exercise

Outcomes with Resistance Exercise

Resistance training can have important effects on body com-
position, strength, and power that are independent of age [72].
A number of exercise trials for persons with OA report a
strengthening component in the intervention [40, 50, 57, 64,
73–77, 78••]. The heterogeneity of resistance training
programs makes identifying significant dosage parameters
difficult, and in a recent meta-analysis, only programs
focusing on quadriceps strength showed an effect on pain
and disability [18••]. Quadriceps strengthening, in particular,
is recommended for individuals who have knee OA [46].
Wang et al. [19] performed a systematic review with nine
RCTs and found significant effects from resistance training
for pain, function, and gait but no significant effects for
disability or quality of life. Zhang et al. [46], in a separate

systematic review, performed pooled effect sizes for pain
relief and disability from muscle strengthening exercise and
found moderate effects for pain (ES = 0.32, 95 % CI 0.23,
0.42) and disability (ES = 0.32, 95 % CI 0.23, 0.41). Lange
and Vanwanseele [79] performed a systematic review
specifically related to strength training in persons with knee
OA. They summarize significant outcomes across studies
comparing strength training to a control group improve pain,
stiffness, quality of life, self-efficacy, depression, strength
outcomes, ROM outcomes, walking endurance, walk time
and speed, stair climb, and sit-to-stand ability.

Specific studies identifying older adults with knee OA
show improved outcomes after training that uses resistance
exercises dosed at a variety of parameters. Non-weight-
bearing positions and loads have been reported to be superior
to weight bearing with resistance training in knee OA [80].
Outcomes have shown individuals improving strength, mus-
cle mass, power [39, 50, 64, 73, 79, 81–87], and decreased
stiffness [50, 64, 73, 81–84] after performing resistance exer-
cise. Individuals also have short-term decreased pain with
resistance exercise [50, 64, 73, 80–83, 88–90]. Moderate- to
high-intensity loads two to three times a week have been
found to be evenmore effective at reducing pain in individuals
with knee OA [91]. Combined physical and psychosocial
measures such as the Osteoarthritis Severity Index (OASI)
[73], SF-36 [81], WOMAC [39, 81, 85, 86], Arthritis Impact
Measurement Scale (AIMS) [73, 81], and Arthritis Self-
Efficacy (ASE) [39] scores have all been found to improve
with resistance exercise. A variety of functional tests have
improved after resistance exercise such as chair rise, gait
speed, stair climb, and TUG [39, 50, 64, 73, 81–86, 90, 92].

Table 1 Dosing exercise (FITT parameters) for persons with knee osteoarthritis

Frequency Intensity Time Type Comments

Cardiovascular 3–7×/weeka 40–75 % HRR 20–60 min Overall Determine baseline capacity using a submaximal
or maximal exercise test. Consider starting with
non-weight-bearing activity if obese.

3–5×/week 50–75 % HRR 30–40 min Walking

3–5×/week 40–70 % HRR 20–60 min Biking

3–5×/week 40–70 % HRR 20–45 min Aquatic

Resistance 3×/week 30–85 % 1RM 10–60 min Overall Determine baseline capacity using a submaximal
or maximal repetition test. Avoid Valsalva by
ensuring proper breathing and staying below
85 % 1RM for training.

3×/week 60–85 % 1RM 4–5 sets Strength training

3×/week 30–85 % 1RM 3–6 sets Power training

3–7×/week 30–60 % 1RM 5–8 sets Endurance training

3×/week 30–85 % 1RM 5–30 sec holds Isometric

Balance 2–5×/week Beyond BOS 20–30 min Overall Determine baseline capacity using a standardized
assessment. Must be challenging in order to
make improvements.

2–5×/week Progressive 20–30 min Static/dynamic

3×/week Progressive 20 min Motor control

2–4×/week Body weight 30 min Tai chi

Multimodal Combine above parameters for cardiovascular and resistance; cardiovascular and balance; resistance and balance; or cardiovascular,
resistance, and balance

FITT frequency, intensity, time, and type; 1RM one repetition maximum; × times; BOS base of support
aMost literature on exercise for individuals with knee osteoarthritis supports three to five times/week of cardiovascular exercise. However, current
literature on overall fitness and chronic disease prevention recommends five to seven times/week of cardiovascular exercise for older adults
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Improved function also has resulted in reduced fall risk and
decreased number of falls [92]. Individuals with knee OA
have reported decreased depressive symptoms [73, 81] and
improved quality of life [90, 93] with resistance training.
Even comorbid conditions have improved with disease sever-
ity measures such as reduced cardiovascular disease risk, in-
creased insulin uptake, improved bone density, and improved
energy metabolism [79].

There is no current evidence that the type of resistance
exercise—isotonic, isometric, or isokinetic—influences out-
come [47]. Dynamic or isotonic training is the most common
exercise intervention reported in strength training trials using
machines, free weights, and resistance bands [79]. The func-
tional benefits from isometric resisted exercises are limited to
a 10- to 15-degree range from the joint angle exercised [94]. In
open chain isotonic exercise, often, the quadriceps are targeted
in knee extension exercises, but this approach misses the
strength and stability training in the hip and ankle needed for
closed chain functional activities. In addition, closed-chain
activities need strengthening and endurance of not only the
lower extremity musculature but also the trunk and pelvic
musculature that work synergistically in functional motions
such as rising from a chair.

Few studies have evaluated the effect of resistance exercise
on the disease progression of knee OA. Mikesky et al. [87]
investigated if a 30-month program of resistance training with
an emphasis on quadriceps and hamstring strengthening in
comparison to ROM exercises had an effect on the radio-
graphic disease progression in individuals with knee OA.
They found no significant difference in radiographs pre- and
post-intervention between the treatment groups, demonstrat-
ing that resistance training does not increase joint changes or
disease progression.

Resistance Exercise Dosage

All types of resistance exercise can be used effectively. The
frequency, intensity, time, and type (FITT) parameters for re-
sistance training exercise programs with individuals with knee
OA have varied. Most research training programs follow
strength training guidelines [16] for two to three times/week,
although the range has been reported between one and seven
times per week [42, 79, 95–99]. Caution must be used when
interpreting strength training programs that are performed on
consecutive days (>3–4 days/week). Often, these programs
are capturing muscle endurance gains and not increasing the
physiologic force capacity of the neuromuscular system (see
Table 1 for general FITT parameters for resistance training).

The duration of within exercise session and length of train-
ing can also have an effect on the outcomes of the study.
Lange et al. [79] report within-session durations lasting from
10 to 60 min. The average duration or length of programs is
between 1 and 6 months [79]. Of these programs, the duration

of training has been 4 weeks [100, 101], 6 weeks [96], 8 weeks
[95, 97], 12 weeks [98], 26 weeks, and even up to 30 months
[42, 79]. The shorter-duration programs with good outcomes
may be more relevant for clinicians as a 6–8-week program
would be able to be accomplished in an average outpatient
setting. However, if an individual was in a health care facility
or in a community center where they might be followed for
longer periods of time intermittently, the longer duration pro-
grams would be beneficial particularly to maintain improved
outcomes seen with resistance exercise.

When prescribing resistance exercise for individuals with
knee OA, a variety of intensities have been used in the litera-
ture. Heavier loads in a strength training range of 60–80 % of
one repetition maximum (1RM) have been shown to have
optimum outcomes and have been well tolerated by partici-
pants [42, 95, 97, 98, 102, 103]. When performing muscle
capacity testing, individuals should fatigue to the point that
they cannot perform another repetition. If they fatigue at 8–12
repetitions, they should be in the 80 to 60 % of 1RM range,
respectively [104]. Studies occasionally use a ten-repetition
maximum test to determine maximal capacity. Theoretically,
if the participant truly fatigued at repetition no. 10 and unable
to do no. 11, then, this should have been at 70% of their 1RM.
However, many self-limit due to predetermined repetitions
rather than actual physiologic capacity using this method.
Determining a one repetition maximumwill assist in accurate-
ly prescribing intensity.

A few programs have used muscle endurance parameters
such as repetitions to fatigue, greater than 12 repetitions
(<60 % 1RM), using body weight or lighter loads that effec-
tively work the individual at <60 % of 1RM [50, 105]. A few
other studies have shown gains with resistance training at low
loads such as 10% of 1RM [97], 10% of body weight [86], or
muscle endurance type exercise where the participants do not
reach a maximal fatigue point [106]. Gains made at these
lower intensities generally are seen in individuals who are
inactive or untrained [107].

Balance and Neuromuscular Control Exercise

Outcomes with Balance and Neuromuscular Control
Exercise

Individuals with knee OA have a loss of muscle function
beyond force-generating capacity. Muscles in the lower ex-
tremities have also been found to have lost sensorimotor ca-
pabilities that impact functional performance [108].
Proprioception involving the muscle spindles, Golgi tendon
organs, and articular and cutaneous proprioceptors can all be
impaired altering the proprioceptive acuity of the muscle.
Maintaining intact control of the sensorimotor systems is es-
sential in balance and coordination activities found in gait and
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other functional activities [109]. Incorporating balance, coor-
dination, and other neuromuscular control-type exercises has
been advocated, although few studies have incorporated this
exercise mode (see Table 1 for general FITT parameters for
balance and neuromuscular control exercises).

Tai Chi Exercise: Outcomes and Dosage

There have been a variety of programs investigating balance-
type exercise focusing on motor control, agility, and perturba-
tion training. One type of exercise that includes all of these
that has been investigated in multiple studies is tai chi
[110–114]. Tai chi is becoming a more popular exercise in
older adults due to its focus on slow gentle movements, con-
stant weight shifting, body weight-loaded postures, and deep
controlled breathing techniques. The weight shifting in loaded
postures is believed to help to improve neuromuscular control
in individuals with knee OA. A systematic review of three
RCTs using tai chi as exercise found that participating in tai
chi improved composite functional scores over 3 months, but
there were no significant effects for pain and disability in
individuals with knee OA [19]. In individual trials, tai chi
has been reported to improve gait velocity and functional
measures in older adults [110]. Other outcomes have been
reported in individual studies using tai chi in pain, function,
balance, flexibility, strength of knee extension, aerobic capac-
ity, and the reduced occurrence of falls in community-
dwelling older adults and specifically those with OA [110,
114, 115].

In the literature, the use of tai chi as an exercise program
entails performing 24-form Yang-style method. A systematic
review reports performing this 24-form method five times in
sequence at a rate of approximately 6 min per full sequence for
a total of 30 min [110]. Across the previous studies, benefits
have been found from performing tai chi two to four times/
week for duration of 12–48 weeks [111–114].

Balance and Neuromuscular Control Exercise: Outcomes
and Dosage

Other types of balance exercises have focused on coordina-
tion, agility, and perturbation training. This includes standing
balance [40], multi-directional stepping [116], and multi-
directional walking tasks such as side stepping, braiding, for-
ward and backward walking with crossover steps, shuttle
walking, multi-directional changes on cue when walking,
and manual perturbations while on foam, balance board, roller
board [117, 118]. In addition, functional dynamic balance ex-
ercises such as sit to stand and step ups or static balance ex-
ercises such as single-leg stance have been used [118].
Outcomes using a functional dynamic balance exercise pro-
gram found that patients were able to perform the aggregate
functional performance testing in less time than the control

group [118]. A separate study looked at the effects of closed
kinetic chain exercise with individuals with knee OA at higher
loads and found beneficial outcomes of improved lower ex-
tremity muscle co-activation, improved transfer of motor
learning, and heightened postural reactions [119].

Specific dosage was given in Hurley and Scott [118]
performing each of the static, dynamic, and multi-directional
exercises for 1 minute with the goal of progressively increas-
ing repetitions during this time as well as increasing the chal-
lenge of the exercise by changing parameters such as surfaces
or heights. Chaipinyo and Karoonsupcharoen [116] had four
balance stepping exercises performed for 30 repetitions and
three sets with 10 repetitions of mini squats in between each
exercise. Other studies did not specify dosage parameters [40].
The frequency varied and the performance of the exercises
was reported at two times/week [40, 118] to five times/week
[116] for 5 weeks [118] up to 3 months [40]

A few studies emphasized motor control target tasks with
individuals with knee OA. One study looked at a seated foot-
and-leg task to target using a computer-simulated interface
that heightened proprioceptive inputs by matching spatial
and speed targets [97, 120]. This proprioceptive taskwas com-
pared to closed kinetic chain exercises at 10–25 % of body
weight using a sled-type machine where each was performed
for 20 min three times per week for 6 weeks. There were no
significant differences between the groups, and both groups
improved outcomes illustrating that both lower extremity tar-
get tasks and light body weight exercise dosed for muscle
endurance have beneficial effects for motor control with indi-
viduals with knee OA.

Multi-Modal Exercise

Outcomes with Multi-Modal Exercise

Reporting on the exact exercises and dosage of multi-modal
exercise programs is varied and often difficult to replicate
from the literature. Generally, multi-modal exercise will in-
clude some form of cardiovascular and resistance exercises
along with other types of exercise that can include balance
and flexibility-type exercises. A meta-analysis by Jull et al.
[18••] found that exercise programs with a combination of
cardiovascular, resistance, and performance or neuromuscular
control-type exercise were not significantly better than control
treatments for pain with a SMD of 0.16 (95 % CI 0.04, 0.37;
I2 = 44.0 %), but there was a small effect reducing disability
with a SMD of 0.22 (95 % CI 0.08, 0.37; I2 = 0 %). It is
possible that the different modes of exercise have competing
effects as discussed by Jull et al. [18••] and/or that the duration
and intensity in session when using mixed modes are not high
enough for any one mode to result in measurable changes
across the studies.
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As mentioned earlier, aquatic exercise is often multi-modal
including cardiovascular, resistance, and flexibility compo-
nents. A 2007 Cochrane Review of aquatic exercise for hip
and knee OA found that aquatic exercise in the short term has
small but statistically significant effect on function, quality of
life, and mental health when compared to control groups [36].
Overall, this systematic review found that there are very few
randomized controlled trials investigating the effects of aquat-
ic exercise on knee or hip OA. A recent systematic review
found that aquatic exercise has a small but significant effect
on reducing disability but no effect on pain or quality of life
[19]. Moreover, there is not a clear identification of what type
of exercise and dose (intensity, frequency, and duration) that
can best be applied using aquatic exercise with OA.

One study by Wyatt et al. [121] found a large significant
effect for pain reduction in favor of aquatic exercise in the
short term when compared to land-based exercise. Another
study found significant quality of life improvements with reg-
ular aquatic exercise compared to controls [6]. Two studies
reported that neither land-based nor aquatic exercise increased
self-reported pain or other symptoms in individuals with knee
or hip OA [39, 110], and one study reported that those who
dropped out did not drop due to the exercise intervention
causing problems [122]. No study found an improvement in
walking ability or stiffness. One study looked at a 6-month
follow-up of aquatic exercise and found that short-term im-
provements were not maintained and recommended that
aquatic exercise be either continued or transferred to land-
based exercise that may be easier and cheaper for individuals
to be started and maintained [122].

Multimodal Exercise: Dosage

There are a few studies that use a multi-modal exercise pro-
gram for individuals with knee OA. The Arthritis Foundation
developed a People with Arthritis Can Exercise (PACE) pro-
gram that includes a 60-min flexibility, balance, and cardio-
vascular training class, which describes exercises but not dos-
ages for exercise [123]. Wang et al. [124] used the PACE
program to evaluate a multi-modal program for individuals
with knee OA. They had subjects perform a series of exercises
three times/week for 12 weeks and found good outcomes in-
cluding decreased pain, improved quality of life, increased
ROM, and greater 6MWT distance. Several studies have used
both cardiovascular and resistance exercises together in an
exercise program [40, 45, 56, 77, 118, 125]. Messier et al.
[125] used two 15-min walking sessions at 50–75 % HRR at
the beginning and end of a 45-min exercise session with
15 min of resistance training including two sets at 12 repeti-
tions of leg extension, leg curl, heel raise, and step ups using
either cuff weights of weighted vest. There was no indication
of what percent of maximal capacity that these resistance

exercises were dosed; however, the researchers state that the
weight load was increased every 2–3 weeks.

Finally, multi-modal exercises involving aquatic exercise
training use a variety of dosages [124, 126, 127]. Most com-
monly, these programs have used the Arthritis Foundation
Aquatics Program (AFAP) that includes a 60-min class em-
phasizing movement of most large muscles and joints of the
body in a chest depth to emphasize ROM, multi-planar resis-
tance, balance, coordination and cardiovascular training [124,
128]. Studies using the AFAP program or similar type pro-
grams have found good outcomes when individuals with knee
OAperform the program two to three times/week for 12weeks
up to 12 months in a pool at 84–87 °F [124, 126–128].

Negative Effects of Exercise

There has been little other evidence showing detrimental ef-
fects found from any exercise in individuals with knee OA.
One early study indicated that resistance exercise for strength
gains could increase the OA progression if the individual has a
varus malalignment higher than five degrees [129]. The ef-
fects of knee varus angle continue to be studied but are asso-
ciated with the risk and progression of knee OA particularly in
individuals who are overweight and obese [130, 131]. One
early land-based study using resistance, flexibility, balance,
and coordination for patients with knee OA indicated an in-
crease in knee edema following exercise with several subjects,
although it did not prevent exercise participation and no sub-
jects dropped out from adverse effects of exercise [40].
Several RCTs have reported minor adverse events with exer-
cise including back, hip, and knee pain [39, 41–45]. In all
instances, individuals with knee OA have been able to contin-
ue and progress with exercise with minor modifications, in-
creased physical tolerance, and reduced pain.

Conclusions

Exercise is beneficial for individuals with kneeOA to improve
function, reduce pain, minimize disability, decrease depres-
sion symptoms, and enhance quality of life. According to
the literature, many types of exercise are effective in achieving
positive outcomes in individuals with knee OA including car-
diovascular, resistance, balance, and multi-modal exercise.
Understanding the specific benefits of each type of exercise
assists therapists in selecting the most appropriate exercise
given an individual client’s situation. Further, insight gained
from the literature into recommended parameters for exercise
prescription allows therapists to prescribe the most effica-
cious, evidence-based exercise for clients. More research is
needed to further elucidate optimal exercise prescription for
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individuals with knee OA, but current literature provides a
strong foundation on which to build.
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