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Abstract

Osteoarthritis (OA) is a degenerative joint disease with a high prevalence among older people. To
date, the pathogenesis of the disease and the link between muscle function and OA is not entirely
understood. As there is no known cure for OA, current research focuses on prevention and
symptomatic treatment of the disorder. Recent research has indicated that muscle weakness precedes
the onset of OA symptoms. Furthermore, several studies show a beneficial effect of land-based aerobic
and strengthening exercises on pain relief and joint function. Therefore, current research focuses on
the possibility to employ exercise and sports in the prevention and treatment of OA.

1. Introduction

Osteoarthritis (OA) is a chronic degenerative joint disorder having a significant economic impact on our
health system world wide. Osteoarthritis is known to be most frequent in the lower extremity,
especially the knee joint, where pathological joint impact and shear forces as well as posttraumatic
risk factors cause early cartilage degeneration and “joint aging" [1]. The predominant symptoms are
pain, a decreased joint range of motion (ROM) and stiffness, periarticular muscle weakness and
atrophy, joint effusion and swelling, and physical disability. Despite the high prevalence of the disease,
the pathogenesis and the reasons for progression are not entirely understood: primary OA versus
secondary OA, as by, for example, inflammatory diseases and posttraumatic entities. Commonly, OA is
characterised by structural changes of the entire joint. Partial to full thickness loss of articular
cartilage, subchondral bone sclerosis, osteophyte formation, and thickening of the capsule are the
typical clinical and radiological signs. Although radiological changes of OA constantly progress with
age, clinical features do not necessarily correlate with radiological findings [2]. As there is no cure for
OA, besides different symptoms-reducing drugs as well as joint preserving and replacement surgery,
potentially amenable factors in the prevention and treatment of the disease such as muscle function
are investigated. It is generally accepted that muscle weakness in OA is due to its atrophy, which is
believed to be secondary to joint pain (arthrogenic muscle inhibition) [3, 4]. Recent studies, however,
suggested that age-related decrease of muscle volume is a risk factor for OA [5–11]. Thus, as muscle
weakness could be targeted by a strengthening program, the question has been raised whether
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exercise and sports can be used to prevent and symptomatically treat OA.

2. Muscular Dysbalance and Atrophy as a Cause of OA

Muscles play an important role in joint biomechanics as they produce movement, absorb loading, and
provide dynamic joint stability, and thus they are involved in the joint adaptation and degeneration
process of OA [6, 7, 12–16]. Several studies have investigated the effect of muscular weakness and
imbalance on the induction of OA [5–11, 17]. It is commonly accepted that, due to age or previous
trauma, muscles are less intensively used. Such weak muscles do not only fatigue more rapidly, but
they also display a slower voluntary and reflex motor control. Thus, once the protective muscular
control is lost, excessive joint movement and instability with pathological shear and peak joint forces
occur. As a consequence, stress-induced microtrauma to the articular cartilage leads to cartilage
degeneration, pathological subchondral pressure increase, consequent subchondral bone sclerosis, and
consequent joint collaps with axis mal-deviation leading to the typical pathobiomechanical OA vicious
circle. Herzog and Longino investigated the relationship of muscular dysfunction and the development
of OA in a rabbit model [18]. In their study, knee extensor muscles of rabbits were injected with
Botulinum type-A toxin causing a substantial reduction in muscle strength while maintaining
functionality, thereby reproducing the clinical picture seen in patients with quadriceps weakness.
Histological analyses of joint sections revealed signs of joint degeneration in two out of five animals
sacrificed 4 weeks after injection with BTX-A, indicating that even a short period of muscle weakness
might be a risk factor for OA. In the development of knee joint OA, quadriceps weakness has been
suggested to be a risk factor [5–7]. In this regard, a prospective study was carried out by Slemenda et
al. investigating the occurrence of OA in women in a specified timeframe. His results showed that
women developing OA had reduced knee extensor strength when compared to unaffected participants
of the study [7]. A recent investigation by Valderrabano et al. reported similar results in patients with
unilateral ankle OA. The authors were able to show that patients with ankle OA display a reduced calf
circumference and had reduced mean electromyography frequencies of lower leg muscles on the
affected side [4]. A recent followup study carried out in our institution included MRI analyses of lower
leg muscle size. Here, it was determined that it were specific muscle groups which showed signs of OA
muscle atrophy (unpublished data). 

To determine the cellular abnormalities of muscle weakness and atrophy in OA, several histological
and histochemical studies have been carried out [4, 19, 20]. Human muscle biopsy studies have
shown that immobilisation in the healthy individual leads to atrophy of mainly type 1 fibres. In knee-
OA patients, however, Nakamura and Suzuki found a type 2 fibre atrophy in the vastus lateralis [20].
In contrast to the slow-twitch type 1 fibres, these type 2 fibres are fast-twitch type fibres containing
high levels of glycogen and enzymes and thus allow for more sustained tension. A recent study by Fink
et al. also investigated the structural changes of the vastus medialis muscle in OA of the knee.
Consistent with previous data by Nakamura, he found an atrophy of type 2 fibres in all specimens.
Interestingly though, he also showed an additional type 1 fibre atrophy in 32% of patients [19]. As we
all know, both type 2 and type 1 muscle fibres have been shown to increase in diameter upon muscle
training [21–24]. Thus, the authors strongly believe that exercise programs and sports activity may be
able to prevent or counteract muscle atrophy and thus prolong the onset of OA.

Lately, age-related muscle atrophy, namely sarcopenia, has been frequently discussed in literature.
This multifactorial disease has been recognised as an important geriatric syndrome [25]. It is
characterised by a generalised loss of skeletal muscle mass leading to a significant decrease in
strength and can be distinguished on a cellular level from disuse muscle atrophy [26–28]. Various
mechanisms such as endocrine dysfunctions, neurodegenerative disease and inadequate nutrition but
also muscle disuse and immobility are thought to contribute to its onset and progression. Although
sarcopenia mainly affects older people, it has also been found in younger adults. Current treatment
concepts include exercise programs to recover some muscle mass and increase strength [25–28]. As
patients with sarcopenia display reduced muscle mass and strength and thus are less able to control
joint motion, it is likely they have a high risk for developing OA.
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To date, many questions regarding the pathogenesis of OA remain open. However, muscular weakness
and in some cases even muscular atrophy, either preceding or accompanying the OA disease, is
frequently observed. As muscle increases in size upon exercise, atrophy might not only be a result of
joint stiffness and pain but also by age-related sarcopenia and physical immobilisation and reduction of
sports activity. Since no cure is available for OA, current research should focus on the prevention of
this age-related joint disorder. Muscle weakness and atrophy contribute to the OA process, and thus
the question has been raised whether exercise and sports could be employed to prolong time to pain
onset or relieve pain and improve quality of life in symptomatic patients.

In summary, a strong correlation between muscle atrophy and osteoarthritis has been found on many
occasions. It is currently believed that muscle atrophy regardless of causative pathomechanism is a
major contributing factor for the development of OA. As exercise increases muscle mass and improves
muscle function, it might play a crucial role in the prevention and treatment of OA.

3. Exercise and Sports in the Treatment of OA

As there is no cure for OA, treatments currently focus on management of symptoms. Pain relief,
improved joint function, and joint stability are the main goals of therapy. Studies conducted within
recent years provided data that supports the assumption that muscle weakness and muscle atrophy
contribute to the disease process [5–11]. Thus, rehabilitation and physiotherapy were often prescribed
with the intention to alleviate pain and increase mobility. However, as exercise has to be performed on
a regular basis in order to counteract muscle atrophy, continuous exercise programs are recommended
in people with degenerative joint disease. Therapeutic exercise regimes either focus on muscle
strengthening and stretching exercises or on aerobic activity which can be land or water based. To
verify the effectiveness of such physical activity, several studies [29–35] as well as a few meta-
analyses [36–42] have been carried out. No major difference in effectiveness was reported between
land-based aerobic and strengthening exercise [40–42]. Concerning the beneficial effects of aquatic-
based exercise, controversial data exists. In one study, aquatic exercise has been shown to be less
efficient in reducing pain and improving muscle function than land-based exercise [32]. A review by
Bartels analysed data from four different studies and could show short-term improvement of OA
symptoms in knee OA patients supposedly due to an increase of strength of the muscles around the
knee. However, long-term effects could not be verified [36]. A recent study by Cadmus reported
beneficial effects of aquatic-based exercise only for obese patients but not for nonobese [29]. Due to
the buoyancy of water, it is possible to exercise without experiencing full body weight allowing for
relatively pain-free motion. Thus, aquatic-based exercise might be a good way to introduce disabled
and obese patients to sports. A frequently raised question concerns the intensity of exercise. After
reviewing several aerobic exercise studies, Brosseau concluded that both low- and high-intensity
aerobic exercise was beneficial in patients with OA [37]. Jan et al. investigated the effects of high and
low resistance training and the effects of weight-bearing versus nonweight-bearing exercise in patients
with OA of the knee. He determined that both low- and high-resistance type training led to reduced
pain and improved function. A recorded increased walking speed on uneven terrains led the authors to
speculate that both types of resistance training improved balance and proprioception. Albeit not
statistically significant, high resistance training also demonstrated consistently higher functional
performance and greater reduction of pain [31]. Furthermore, when comparing the effects of weight-
bearing and non-weight-bearing exercises, an improved position sense was found in addition to
decreased pain scores and increased muscular strength [30]. A recent study investigated the effects of
Tai Chi in treating OA of the knee. This traditional Chinese mind-body exercise combines strength,
balance, and flexibility training. When compared to a wellness education and stretching program, the
overall outcome showed a greater improvement of pain and physical function in patients attending the
Tai Chi training [35]. 

In conclusion, literature shows clear improvement of OA symptoms in patients undertaking exercise
programs. Decreased pain and increased muscle function have been reported for both strengthening
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and aerobic exercises. However, these effects do not persist if exercise programs are discontinued.
Thus, the motivation of the patient to start and continuously practice exercise is of crucial importance.
Many patients suffering from OA refuse to start exercising due to joint pain. In such cases, the use of
painkillers during the first weeks of an exercise program might not only facilitate joint movement but
can also drastically improve patient compliance. Furthermore, in case of severe joint pain or in obese
patients, the authors believe that an initial period of water-based exercise is helpful. As swimming or
aqua jogging provides a muscle workout without joint loading, further pain and weight-related joint
destruction is avoided. Although many studies investigated the effect of different exercise types,
hardly any study can be found investigating the effect of different kinds of sports on OA. Current
knowledge supports practicing sports which avoid sudden peak stresses but improve muscle function
and contribute to the stabilisation of the affected joints. Sports that fulfil these criteria and are
regularly recommended to people suffering from OA are low-impact sports, as cycling, nordic walking,
and aquajogging. However, data on the short- and long-term effect of theses types of sport in OA are
scarce, and therefore further studies are urgently needed. When it comes to exercise programs, both
low- and high-resistance training with or without weight bearing has been shown to have beneficial
effects. Patients unable to participate in exercise or sport programs should be encouraged to continue
carrying out activities of daily life such as walking the dog, gardening, or biking to work. However, it is
the authors’ opinion that exercise and sports can and should be practiced at any stage of OA although
the intensity has to be adjusted to the individual capability.

4. Exercise and Sports in the Prevention of OA

Exercise has been shown to improve pain and function in OA [38] and is recommended by the
Osteoarthritis Research Society International (OARSI) for the management of hip and knee OA [43].
However, to date, very little research has been conducted to investigate whether exercise and sports
can also be used to prevent the onset of OA. It is widely recognised that physical activity is beneficial
to cardiovascular health and is considered an integral component of a healthy lifestyle [44].
Furthermore, regular exercise facilitates weight loss and prevents weight gain. As obesity is a
recognised risk factor for knee OA [45, 46], exercise is thought to have a beneficial effect on the OA
disease progression. However, OA is not only found in obese patients and not all joints are affected
equally by weight increase [47]. Thus, other disease-related factors have been investigated. Muscle
weakness and muscle atrophy have been reported to occur even before the onset of symptomatic OA
[6]. As muscle weakness usually results from disuse of muscles, the question has been raised whether
exercise and sports could be employed to prevent or counteract muscle weakness and therefore
prevent or delay the onset of OA. Recently, two studies have been published on the protective effect of
exercise and of quadriceps strength in the prevention of cartilage loss at the tibiofemoral joint [48,
49]. Amin et al. [48] showed that there was no association between a decrease in quadriceps strength
and cartilage loss in a 30 months trial. However, he also determined that participants of the study with
greatest quadriceps strength displayed the least cartilage loss at the lateral compartment of the
patellofemoral joint indicating that a strong quadriceps muscle had protective cartilage effects. In the
study by Otterness et al. [49], the effects of daily exercise on cartilage degeneration in hamsters were
investigated. Hamsters were undergoing either 3 months of daily exercise or 3 months of sedentary
living. Histologic analyses of the femoral articular cartilage of the exercising hamsters showed a
smooth surface similar to that of young control animals. In contrast, signs of cartilage degeneration
were seen in sedentary hamsters. Furthermore, cartilage composition in these animals showed a
reduced proteoglycan content and synovial fluid volume. This data indicates that at least in hamsters
early cartilage degeneration is not a result of exercise but rather of inactivity and decreased muscle
function. Thus, it can be argued that inactivity not only promotes muscle weakness and thereby joint
instability but also makes cartilage more prone to damage by altering its structure. As the data by
Otterness was derived in a hamster model, it was questionable whether the same cartilage change
would occur in humans. A literature search revealed a study in human in which the effects of moderate
exercise on cartilage were analysed in knees prone to develop OA [50]. The study participants had all
undergone partial medial meniscectomy 3 to 5 years previously and were either asked to complete a
4-month exercise program or remain at their current physical exercise level. At the end of the study,
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68% of the exercise group reported an increase in activity level. Furthermore, glycosaminoglycan
levels which were measured by T1 relaxation time on MRI scans were clearly increased, indicating that
exercise also has a beneficial direct effect on cartilage structure in human. The exact mechanism that
causes chondroprotection upon exercise however is not entirely understood. A recent study discovered
an increase in IL10 levels of synovial fluid after acute resistance exercise in patients with OA of the
knee [51]. IL10 is an anti-inflammatory cytokine with chondroprotective properties. It has been shown
to suppress the release of inflammatory cytokines by macrophages and activates chondrocytes and
synoviocytes and, thereby, is interfering with important steps in the pathogenesis of OA [52, 53]. One
could speculate that during regular exercise, IL10 levels would be constantly elevated, thus reducing
inflammation in the joint and hence reducing pain. As a result, physical activity can be undertaken
more frequently, thus increasing muscle mass and thereby providing more joint stability. However, to
confirm this hypothesis a lot more research is needed. 

In summary, investigations on the effectiveness of exercise in the prevention of OA have revealed
some interesting facts. Animal studies and clinical trials clearly showed a protective effect of exercise
on joint cartilage, thus perhaps reducing the likelihood for developing OA. Furthermore, an anti-
inflammatory environment was found in OA knee joints upon exercise. Assuming that the same
environment exists in a healthy joint under the same conditions exercise might be very effective in
preventing the onset of disease. However, to fully understand the protective effects of exercise on the
development of OA, further clinical and molecular studies are needed.

5. Conclusions

As overall conclusion, OA is a multifactorial disease with a pathogenic link to muscle function and
volume that is not entirely understood. Over the last decade, research has provided data supporting
the hypothesis that exercise is not the reason for OA but rather delays onset and alleviates symptoms
of the disorder. Furthermore, several studies have shown that muscle weakness is a predisposing
factor for OA and that muscle atrophy is a common finding in OA. Changes in cartilage structure have
also been investigated, and it was determined that in order to remain firm a certain amount of muscle
exercise was needed. Taken into account all the above mentioned data, this would argue that exercise
and sports should be used in the prevention and also in the treatment of OA and aging people. To
determine which type of exercise would be most appropriate, various studies were carried out. It was
shown that aquatic exercise was beneficial only in the beginning and in obese people whereas land-
based aerobic and strengthening exercises had a continuous effect for as long as they were carried
out. Once exercise is discontinued, all the beneficial effects that come with it vanish as well. Thus, the
authors strongly believe that any additional measures that help to motivate patients to continue
sports, such as training schedules, group exercises, or instructional sessions with physiotherapists are
of crucial importance. To date, many studies have been carried out investigating the effect of exercise
on the progression of OA. Although alleviation of pain has been shown to occur upon regular exercise,
the minimal intensity of training necessary for such a positive effect still needs to be determined.
Therefore, one of the biggest challenges still remains to understand the pathogenesis of OA in order to
prevent the onset or find further treatments for this debilitating disorder.
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