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Nonoperative Treatment Approach to
Knee Osteoarthritis in the Master Athlete

Joel B. Huleatt, MD,' Kevin J. Campbell, BS,} and Robert F. LaPrade, MD, PhD*#

Context: Middle-age and elderly participants in athletic activities frequently encounter the chronic disabling process of
osteoarthritis. Knowledge of the treatment of knee osteoarthritis is needed to keep the master athlete active.

Objective: This article reviews the current scientific evidence regarding recommendations for the maturing athlete, specifi-
cally discussing the strengths and weaknesses of dietary and lifestyle modifications, physical therapy, bracing, supplements,
pharmacotherapies, and biologics in the management of knee osteoarthritis.

Level of Evidence: Level 4.

Conclusion: These treatment modalities can help keep the aging athlete active, which in itself plays an important role in

reducing the symptoms of knee osteoarthritis.
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Darticipation in physical activity and sports among US adults
has increased in recent years. In 2010, 20.7% of adults met
both aerobic activity and muscle-strengthening guidelines
compared with only 14.5% in 1998." The benefits of exercise in
this expanding group of aging athletes are numerous, including
improved aerobic exercise capacity, cardiovascular function,
and maintenance of lean body mass."*'# Participation in sports
and exercise also improves and extends life by reducing an
individual’s risk of many diseases, such as thromboembolic stroke,
hypertension, type 2 diabetes, osteoporosis, obesity, and cognitive
decline #* #3194 Keeping master athletes active should therefore
be a priority.

Knee osteoarthritis (OA), a frequent complication of sports-
related joint injury, is the most prevalent musculoskeletal disease
in the master athlete.”® Characterized by cartilage loss and
inflammation of the synovium, patients are often plagued by
pain and discomfort.” Physical examination findings include
warmth, swelling, weakness, and restricted range of motion.
Radiographs reveal osteophytes, subchondral sclerosis and cysts,
joint space narrowing, and effusions (Figure 1).%

Increasing age is the primary risk factor for knee OA.
Mechanical factors such as excess body mass, joint injury,
occupation (excessive mechanical stress), and structural
malalignment (varus/valgus) can also accelerate the process. In
addition to mechanical factors, the biochemical environment
of the joint plays an integral role. Proinflammatory cytokines
(interleukin-1B [IL-1p], IL-6, IL-8, and tumor necrosis factor )
are elevated in the serum and synovial fluid of those with OA

Figure 1. Rosenberg view radiograph of knees. Note the right
knee with severe osteoarthritis characterized by osteophytes,
subchondral sclerosis and cysts, joint space narrowing, and
effusion.

and mediate synovial tissue inflammation and the destruction of
cartilage macromolecules** However, the causes of increased
expression of these cytokines and the extent of their role in the
pathophysiology of OA have not been fully elucidated. Evidence
that adipose tissue may be a contributing factor to OA via
complex mechanisms include OA in nonweightbearing joints,
proinflammatory cytokines in adipose tissue, and infrapatellar
fat pad inflammation associated with knee OA.*
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Just as there is an array of interacting risk factors for the
development of knee OA, there are various preventative and
treatment measures that can be utilized, often in combination.
The goal of this article is to present an evidence-based
approach to the nonsurgical treatment of knee OA. Treatment
modalities that will be discussed include weight loss and
exercise recommendations, physical therapy, bracing, taping,
orthotics, supplements, pharmacotherapies, and biologics.

WEIGHT LOSS AND EXERCISE

Lifestyle factors such as body mass index and physical activity
play an instrumental role in the pathogenesis of OA of the
knee. For patients to become motivated to make what are
often tough changes, it is helpful to understand how behavioral
choices contribute to the development of OA, and the
beneficial effect of changing weight, activity levels, and types
of exercise.

Obesity is one of the most prevalent, influential, and
modifiable risk factors of knee OA.*" In fact, obesity has been
found to be the primary preventable cause of OA in women
and the second most preventable cause of OA in men after
major knee injury.” Obese individuals have a 4- to 10-fold
higher risk of developing OA of the knee compared with lower
or normal weight counterparts; obesity alone accounts for one
third of all knee OA cases.”” The mechanism is in large part
due to excess loads across the knee joint, which experiences
loading equal to approximately 4 times the body weight during
the single-leg stance of walking.»** Additionally, obesity
induces OA in nonweightbearing joints through a systemic
inflammatory effect3! The Framingham study reported that
weight loss of 2 body mass index units (approximately 5.1
kg) over 10 years decreased the risk of knee OA by 50% in
overweight women. A meta-analysis demonstrated that losing
5% of baseline body weight reduces disability in those who
already have symptomatic knee OA."*

Some studies have questioned whether weight loss through
dieting without exercise reduces the symptoms of OA. A
randomized controlled trial of 159 obese patients with knee
OA reported that a low-energy diet-induced weight loss
intervention lasting 16 weeks resulted in a mean weight loss of
129 kg, 19 kg of which was lean body mass. Although the diet
group’s absolute muscle strength decreased by 3% to 4%, their
body mass-normalized muscle strength increased by 11% to
12% and the participants had improved self-reported disability
and pain.* This study provides evidence that dieting alone
can relieve the symptoms of knee OA in obese patients. An
exercise regimen should be initiated at the same time to help
maintain weight loss.

In addition to promoting weight loss, light to moderately
intense exercise plays a pivotal role in combating knee OA
by increasing knee stability and by creating an anabolic
environment secondary to mechanical stimulation of the joint.
Regular cyclic loading of the knee stimulates the synthesis and
remodeling of cartilage to create a tougher protective joint

surface, whereas continuous compression can lead to cartilage
necrosis and degradation.® Additionally, quadriceps weakness
has been identified as a risk factor for the development and
progression of symptomatic knee OA in longitudinal studies,
especially in women. 77! The greater role of quadriceps
weakness in women with OA is attributable to a mean
quadriceps strength roughly half that in men (72.0 vs 125.7
Nm). This leads to decreased stability at the knee joint during
loading™ A 5-week-long exercise regimen consisting of ten
30-minute quadriceps strengthening sessions has been shown
to increase strength, improve objective function, and decrease
subjective disability in those with knee OA. These results were
maintained 6 months later when patients continued performing
these exercises at home for 20 to 30 minutes a week (see
online appendix, available at http://sph.sagepub.com/content/
suppl).*

A common misconception is that moderate-intensity exercise
may exacerbate OA pain or accelerate the degeneration;
on the contrary, a comprehensive review of randomized
controlled trials by the American Geriatric Society refuted this
misconception, finding that pain and morbidity are reduced
with increased physical activity.! This prompted the society
to formulate an exercise prescription that can help guide
patients with OA, outlining evidence-based recommendations
for exercise intensity, volume, and frequency. Roddy et
al compiled supplemental recommendations for exercise
that differentiates the levels of evidence supporting each
proposition.” Swimming, cycling, and elliptical exercises are
excellent low-impact aerobic activity choices for individuals
with symptomatic knee OA, which can limit other higher
impact exercise options.”

Higher impact activities are more controversial. Numerous
studies warn against such activities because of the
misconception that high impact joint loading damages
cartilage. However, long-time recreational runners who
have had regular running schedules over many years have
been assessed in multiple studies without elevated rates of
OA."* For example, a study that followed 45 long-distance
runners (mean age, 58 years) for almost 2 decades found no
association between running and accelerated radiographic OA
compared with controls. In fact, 6.7% of the runners initially
demonstrated radiographic OA compared with none of the
controls; yet, at final follow-up, only 20% of runners compared
with 32% of controls demonstrated these same radiographic
findings. Only 2.2% of runners demonstrated severe OA,
compared with 9.4% of controls.”? In an attempt to evaluate
the impact of running on elderly disability and overall health,
a 13-year prospective study of 370 runners club members
who were at least 50 years old, compared with 249 controls,
reported that running protected against disability and early
mortality, with controls having a 3.3-times-higher rate of
death.®® Therefore, with evidence on the side of running in
slowing the development and/or progression of knee OA, there
appears little reason for physicians to discourage running in
this patient population.
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PHYSICAL THERAPY

Physical therapeutic treatments for knee OA aim to reduce
loads across the joint and include activity modification, low-
impact exercise, flexibility, and strength training. Significant
reductions in pain associated with knee OA have been
demonstrated with a therapist-administered exercise program.®
Self-reported knee pain and disease-specific physical function
in patients with knee OA also improve with exercise. A
Cochrane review analyzed 32 clinical trials studying the
effects of land-based therapeutic exercise. Exercise programs
varied from basic quadriceps-strengthening and aerobic-
walking programs to more advanced programs, including
manual therapy, truncal and lower limb strengthening, and
proprioceptive training. This meta-analysis showed that
exercise programs resulted in a mean treatment benefit for
both knee pain (standardized mean difference, 0.40; 95%
confidence interval, 0.30 to 0.50) and physical function
(standardized mean difference, 0.37, 95% confidence interval,
0.25 to 0.49) similar to the pain relief provided by nonsteroidal
anti-inflammatory drugs (NSAIDs).*

BRACING, KNEE TAPING, AND ORTHOTICS

The most widely used brace for knee OA over the past decade
is the unloader brace, which is indicated for malaligned knees
associated with unicompartmental arthritis. The unloader
brace improves knee alignment so that the ground reaction
force is reduced in the affected compartment of the knee
(either medial or lateral) and increased in the unaffected
compartment. Recent studies show that unloader knee

braces reduce knee pain in patients with OA, particularly in
those with medial compartment knee OA.* In a randomized
controlled trial, the unloader braces had better outcomes
compared with other braces in 119 patients.” In a short-term
study of 10 patients, custom unloader braces reduced stiffness
and improved function in patients with knee OA to a greater
extent than the off-the-shelf variety.?® Komistek et al reported
that 12 of 15 patients had condylar separation on fluoroscopy
and subsequent pain relief with unloader bracing.* Moreover,
unloader brace use may reduce personal dependence on
analgesics such as NSAIDs and possibly slow down the
progression of OA.® However, long-term brace use is unlikely.
In a prospective study of 30 patients with unicompartmental
OA of the knee treated with an unloader brace, at a mean
follow-up of 2.7 years, only 41% of 30 patients were still using
the brace, and 24% had undergone arthroplasty. None of the
patients reported brace use at a mean follow-up of 11.2 years,
and 58.6% had undergone arthroplasty at a mean 3.9 years
following brace prescription.”

Therapeutic knee taping may improve pain scores in
patients with knee OA by improving the alignment of the
patellofemoral joint and unloading inflamed soft tissues (Figure
2). In a blinded randomized study, therapeutic tape was
applied to provide medial glide, medial tilt, and anteroposterior

Figure 2. Therapeutic McConnell knee taping applied to
improve patellofemoral alignment by supporting medial
glide.

tilt to the patella.’” Tape was also applied to either the
infrapatellar fat pad or pes anserine bursa to reduce soft tissue
swelling. After 6 weeks, 73% of participants reported improved
pain, compared with 10% of those not using tape (P = 0.00).”
A systematic review and meta-analysis of the efficacy of patella
taping for patellofemoral OA showed that tape exerting a
medially directed force on the patella decreased chronic knee
pain on a 100-mm scale by 16.1 mm (P < 0.01) compared
with no tape and by 10.9 mm (P < 0.01) compared with
sham taping, supporting the notion that patellar taping has a
beneficial therapeutic effect.”

Shoe orthotic implants that aim to unload one side of
the knee have also been investigated as a treatment for
unicompartmental knee arthritis. A systematic review by
Malvankar et al showed that there was insufficient evidence
to conclude that lateral wedge orthotics were an effective
treatment for medial compartment OA** However, orthotics
may still provide symptomatic relief, and patients with early
OA and high body mass index were likely to experience the
largest benefit. Benefits at 1 month were maintained at 1 year
and suggest that prolonged use may be beneficial.*

SUPPLEMENTS AND DIETARY FACTORS

Glucosamine and chondroitin sulfate are popular over-the-
counter supplements often taken in combination for OA
symptoms. They have minimal side effects however, their
efficacy remains controversial.'® Glucosamine is an amino
sugar precursor for the synthesis of glycosylated proteins,
lipids, and glycosaminoglycans, a major component of articular
cartilage. Chondroitin sulfate is a sulfated glycosaminoglycan
that is also a constituent of articular cartilage. The hydrocolloid
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properties of glycosaminoglycans enable cartilage to resist
compression, and through partial absorption from the intestine,
these supplements could supply a degenerative joint with the
building blocks for restoring cartilage.*” However, evidence is
lacking and trials have not consistently demonstrated a clinical
benefit. A 2009 Cochrane review of 25 studies with a total of
4963 patients with OA reported that 1500 mg of glucosamine
daily had an excellent safety profile, reduced pain by 22%,
and improved function by 11%, resulting in no detectable
difference in efficacy compared with NSAIDs.* Additionally, 2
studies provided “high-quality” evidence for a small increase
in minimum joint width at a mean 3 years of follow-up %
When only the best studies were included in the analysis,

no benefits were demonstrated.®* Selective meta-analyses of
chondroitin or the combination of the 2 supplements have
reported similar conclusions, demonstrating no overall benefit
in pain reduction or maintenance of joint space for knee OA.
Industry-independent studies have consistently demonstrated
less beneficial effects than industry-funded trials.®®” Based

on these findings, the American Academy of Orthopaedic
Surgeons currently recommends against prescribing
glucosamine and chondroitin for knee OA.%

Even though glucosamine and chondroitin are unlikely to
provide clinically meaningful relief for most patients with
knee OA, those with more advanced disease may nevetheless
experience a benefit. A multicenter, double-blind, placebo-
and celecoxib-controlled glucosamine/chondroitin arthritis
intervention trial of over 1500 patients with knee OA showed
that while the supplements had no significant overall effect
on pain reduction, the subgroup of patients with moderate
to severe knee pain experienced significant relief with a
combination of glucosamine and chondroitin compared
with a placebo.”® However, this finding was the result of an
exploratory analysis and not a primary outcome of the study,
so it may be subject to a type 1 error.

Other supplements and dietary factors, such as vitamin C,
avocado soybean unsaponifiable, and fatty acid intake, may
help treat knee OA. The progression of OA is thought to
involve damage by free radicals. The antioxidant properties of
these supplements may help quell intra-articular inflammation
if increased in the diet”” However, clinical studies have shown
minimal gains. While one study reported that higher amounts
of vitamin C intake lowered the incidence of knee OA by 11%
with no effect on progression,” other studies have found no
association.®” Daily doses of
300 mg or more of avocado soybean unsaponifiable may
decrease NSAID and analgesic intake by more than half,? with
similar efficacy to 400 mg chondroitin sulfate 3 times daily
after 6 months>® Omega-3 polyunsaturated fatty acid plasma
levels have an inverse association with patellofemoral cartilage
loss. Omega-6 polyunsaturated fatty acid plasma levels are
associated with synovitis. Increased consumption of saturated
fatty acids may increase bone marrow lesions in the knee.*¥
Overall, the benefits of these supplements and dietary factors
are dubious and should not be the focus of knee OA treatment.

ORAL PHARMACOTHERAPIES

Oral pharmaceuticals consist of inexpensive analgesics such
as acetaminophen, NSAIDs, and opioids. These provide some
degree of symptomatic relief but do little to halt or reverse
the degenerative process.” Acetaminophen is well tolerated,
and according to a Cochrane review, it was as efficacious as
NSAIDs for mild knee and hip OA-related pain. NSAIDs were
superior for moderate to severe levels of pain.® NSAIDs have
potential side effects involving the gastrointestinal, renal,
hepatic, and cardiac systems that pose a substantial hazard
to those with advanced age.”® Opioids also have substantial
drawbacks. Therefore, the generally accepted treatment
symptomatic relief is acetaminophen as the first line, NSAIDs if
acetaminophen is not adequate, and opioids as a last resort.”

TOPICAL PHARMACOTHERAPIES

The systemic side effects of oral therapy make topicals an
appealing option. Topical NSAIDs are well tolerated with lower
systemic levels compared with oral administration. About

20% of patients experience dry or mildly irritated skin at the
application site.”**% Oral and topical diclofenac are equivalent
in relieving pain and improving physical function for knee

O, A_72,83,86

INJECTABLE PHARMACOTHERAPIES

Intra-articular injection options for knee OA include
corticosteroids, hyaluronic acid (viscosupplementation), and
botulinum toxin. A study of 240 consecutive knee injections
showed that the lateral midpatellar technique was the most
accurate (93% success rate) compared with anteromedial (75%)
and anterolateral (71%)." A Cochrane review reported that
intra-articular corticosteroid injections provided significant
short-term pain relief up to 4 weeks, with no effect on knee
function.® It appears that the short-term effect of steroids
can be prolonged with repetitious dosing every 3 months.®
However, there is some concern for the negative consequences
of certain injected corticosteroid classes on articular
cartilage. In horses, betamethasone esters (Schering-Plough
Animal Health Corp, Union, New Jersey) and triamcinolone
acetonide (Bristol-Myers Squibb, Fort Dodge, lowa) had no
deleterious side effects and were chondroprotective, whereas
methylprednisolone acetate (Pharmacia and Upjohn Co,
Kalamazoo, Michigan) had deleterious effects® A systematic
review in 2012 showed 1A+ level evidence supporting short-
term pain relief and functional improvement with intra-articular
corticosteroids for knee OA and 2B+ level evidence supporting
triamcinolone hexacetonide over triamcinolone acetonide.”
Hyaluronic acid is a naturally occurring substance
found in the synovial fluid. Injection of a highly purified,
cross-linked form allows for longer retention within the
synovial fluid to supplement joint viscosity, lubrication, and
absorption of compressive forces.® A Cochrane review of
viscosupplementation found that hyaluronic acid had an
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effect for up to 6 months, with peak benefit at 5 to 13 weeks
after injection. Improvement in pain, function, and global
assessment was comparable with oral NSAIDs, with more local
reactions but fewer systemic side effects” However, on the
contrary, a more recent meta-analysis demonstrated moderate
short-term pain relief but concluded that the risk for adverse
events was not negligible. The overall benefit was small and
clinically irrelevant.®® Thus, viscosupplementation may be
considered as a presurgical option for patients with elevated
surgical risk who need treatment in addition to exercise and
other available analgesic therapies.”

Intra-articular botulinum toxin is a less widely used therapy
that may have antinociceptive and anti-inflammatory actions.™
Botulinum toxin inhibits release of substance P and calcitonin
gene-related protein neuropeptides that mediate neurogenic
inflammation.®>*” Three randomized controlled trials using
injections of 25 to 200 units of type A botulinum toxin
demonstrated significant short-term improvements in pain and
function. Another demonstrated short-term efficacy equivalent
to intra-articular steroids*'7* A systematic review reported
2B+ level evidence supporting type A botulinum toxin’s pain-
relieving effect for arthritic knees.”

BIOLOGICS

Growth factors, platelet-rich plasma (PRP), concentrated bone
marrow aspirate, and other stem cell therapies intended to treat
inflammatory or degenerative conditions have spawned much
interest in recent years. Previous studies have shown that the
application of concentrated growth factors and autologous stem
cells may stimulate healing in tissues that have a limited ability
for self-regeneration.®%

PRP has been researched since the 1970s, and has recently
experienced a rapid recent expansion of applications including
intra-articular injection for knee OA.**" The rationale for using
PRP for treatment of knee OA is that intact platelet a-granules
contain a large assortment of growth factors that affect articular
cartilage, which are subsequently released into the surrounding
environment upon platelet activation.®® A 2-year follow-up of
90 patients after PRP injections showed the benefit duration
to vary widely, with a mean of approximately 11 months (+ 8
months) in patients with OA.” Two prospective randomized
trials demonstrated superior pain reduction and functional
improvement compared with viscosupplementation at 6 months
and suggested greater benefit in those younger than 50 years
with early OA.7 In light of this evidence, PRP appears to be
safe in the short term, aside from a transient increase in knee
pain following injection in a small percentage of patients.” "’

However, mainstream application of PRP to treat knee OA
is limited by several factors. The true efficacy, ideal platelet
concentration, and safety of PRP have not been determined
in long-term, high-powered randomized trials.** Biologics
such as PRP have not yet been approved by the Federal Drug
Administration to treat OA, so according to section 361 of the
Public Health Service Act, they can only undergo “minimal

manipulation.”” The generally accepted interpretation is that
manipulation beyond extracting and concentrating, such as
heating to activate signaling molecules (as is done in some
other countries), is not approved in the United States.” In
addition, most medical insurance companies do not reimburse
for PRP to treat knee OA.

The use of stem cell therapy to treat knee OA is still in early
development, however preliminary results appear promising.
Mesenchymal stem cells from bone marrow and adipose
tissues are capable of differentiation into chondrocytes and
can be injected into the knee joint along with platelets and
growth factors after concentrating or culturing.® In animal
studies, mesenchymal stem cells incorporated into damaged
articular cartilage improved the clinical, radiographic, and
histopathologic features of joints compared to controls.
Similar outcomes have been observed in humans,'* but
randomized trials to determine the true efficacy and long-
term safety have not yet been completed. As with PRP, there
are multiple other obstacles to mainstream use. The optimal
concentration of cells and feasibility of procurement and
administration in the office setting will need to be determined,
and cost will likely be even more of an issue than for PRP to
account for the additional process of cell culturing.

SUMMARY

Master athletes are prone to developing knee OA that can
inhibit their participation in sports and exercise. To reduce
symptoms, continuation of low-impact, moderately intense
exercise should be encouraged. Bracing, taping, orthotics,

and physical therapy regimens have demonstrated short-term
benefits in specific patient populations. Dietary supplements
have negligible impacts. Although oral NSAIDs are inexpensive
and effective pain relievers for knee OA, high systemic

levels and side effects can be especially troublesome in the
elderly. Topical NSAIDs appear to have equivalent efficacy
with lower systemic levels. Steroid injections provide relief
that typically lasts less than a month, while the benefits of
viscosupplementation may not outweigh the risks. Other
localized therapies, such as intra-articular injections of
botulinum toxin and biologics have shown short-term benefits,
but the long-term sequelae are largely unknown and need
more research.
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