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Abstract

Background/Objective: Tendinopathies are increasingly prevalent musculoskeletal disorders, affecting both athletes and the gener-
al population. Traditional rehabilitation approaches, such as eccentric and concentric exercises, have shown effectiveness but often 
face limitations due to patient compliance, high repetition demands and inadequate focus on psychological factors like kinesiopho-
bia. In recent years, Pilates has emerged as a promising alternative, offering a holistic approach that integrates core stability, flexibil-
ity, neuromuscular control, and psychological benefits. 

Methods: This narrative review explores the epidemiology of tendinopathy, its social and economic impact, traditional rehabilitation 
methods, and the potential of Pilates in managing these conditions. Emphasis is placed on the biomechanical advantages of Pilates. 
Pilates corrects movement patterns while closed kinetic chain exercises promote optimal tendon loading and reduce reinjury risk. 
Additionally, the mind-body connection fostered by Pilates appears to address psychological factors such as kinesiophobia, which 
significantly influence rehabilitation outcomes. 

Results: Despite promising indications, the current research on Pilates for tendinopathy remains limited, with a lack of standardized 
protocols and high-quality randomized controlled trials. Future directions should focus on developing customized, evidence-based 
Pilates protocols to enhance the efficacy of tendinopathy management. 

Conclusions: This review highlights the need for further research to validate Pilates as an alternative rehabilitation option for tendi-
nopathy and the need of an international framework where certified Clinical Pilates Physiotherapists would ensure the safety and 
effectiveness of the rehabilitation regimens.
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Introduction and Epidemiology

Tendinopathy is a growing concern worldwide. Since the early 
2000s, the prevalence of tendinopathies of all types has been in-
creasing worldwide, particularly in developed Western countries, 

an increase that has been attributed to the increase of athletic ac-
tivity in both younger and older populations [1,2]. Thus, tendon in-
juries seem to be very common not only to athletes but also to the 
general population.
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The tendons play the role of “mechanical bridges” which con-
nect the muscles to the bones, absorb and transform the forces gen-
erated by muscle contraction. Their ability to absorb external forc-
es limit overloading of the muscle while they act as energy storage 
devices such as the Achilles tendon and due to their proprioception 
receptors play an important role in the preservation of biomechan-
ical balance and the distribution of forces to the kinetic chain [3].
The explanation of the fact that tendon disorders are very common 
in sports is that physical activity determines much stress and force 
on the tendinous part of the muscle-tendon unit. Overload of the 
tendon may result in weakening and eventual failure of the tendon 
tissue as the tendon may be unable to adapt to the increased ap-
plied load [4]. Moreover, chronic repetitive loading may provoke 
tendinopathy especially while aging [5].

Beyond sport activity, other modifiable and non-modifiable, 
intrinsic or extrinsic risk factors are involved in developing tendi-
nopathy. It is considered that several genetic characteristics in-
crease the likelihood of an individual developing tendinopathy, 
while gender, metabolic disorders like diabetes and hyperlipidemia 
and certain pharmacotherapies like statins and quinolone antibi-
otics have been reported to increase the risk of tendinopathy [5]. 
Intrinsic factors include also age, body mass index. All the above 
factors seem to impair tendon matrix homeostasis and collagen 
synthesis. Age-related tendon stiffening and decreased cellularity 
further exacerbate susceptibility to tendinopathy, particularly in 
weight-bearing tendons such us the Achilles. On the other hand, 
extrinsic factors include poor individual biomechanics, movement 
kinetics and kinematics, foot posture, flexibility, neuromuscular ca-
pacity while repetitive excessive loading and insufficient recovery 
between activities may influence tendinopathy risk. Too much load 
is linked to tendinopathy but there is a large variation between in-
dividuals. Sedentary or less active people are also susceptible to 
tendinopathy and load may be moderated by intrinsic factors [6]. 
The result is long-term or permanent functional deficits in both 
athletic and non-athletic populations of all ages. Research demon-
strates that due to high prevalence the impact on patients’ lives and 
economic burden on societies is often underestimated but needs 
review and awareness [7]. Tendinopathy mainly affects the upper 
and lower extremities with Achilles, rotator cuff, lateral elbow and 
patellar tendinopathies being among the most common forms [2]. 
Studies in epidemiology in the general population in European 
countries have shown that the incidence of lower limb tendinopa-

thy ranges from 7.9 to 10.52 per 1,000 people per year [8,9], while 
it is estimated that approximately 1% to 2% of the adult population 
(aged 18-65 years) will experience a lower limb tendon injury dur-
ing their lifetime [9].

Economic and social impact of tendinopathy

Tendinopathies are accompanied by prolonged impairment 
of functional capacity, while recovery is insufficient. In a survey 
where four musculoskeletal conditions were compared, tendinop-
athy was less influential to work loss but took more time to fully 
recover while indirect costs cannot be underestimated. The latter 
can affect productivity and affect worker’s compensation. It is es-
timated that up to 5% of patients with lateral elbow tendinopathy 
have claimed sickness absence with an average of 29 days in a year. 
The cost is estimated to be 27 million pounds using 2012 global 
population statistics [7]. It is estimated that they represent 30% of 
musculoskeletal disorders. 30 million tendon injuries occur annu-
ally worldwide, resulting in extensive losses of man-hours. The an-
nual economic burden in the USA is estimated at 30 million dollars, 
while in the European Union, it exceeds 115 million euros. As life 
expectancy and participation in recreational sports increase, the 
prevalence of tendon disorders is expected to rise, putting addi-
tional strain on healthcare systems [7,10]. 

Beyond financial costs, tendinopathy affects an individual’s pro-
ductivity, psychological well-being contributing to chronic pain, 
decreased activity levels and increased prevalence of kinesiopho-
bia which is the fear of movement that exaberates disability [11].

For this reason, many medical, physical therapy and other ther-
apeutic interventions have been developed to provide rehabilita-
tive solutions to problems with socioeconomic and psychological 
effects [3,9] while novel, alternative rehabilitation strategies have 
started to been “discussed”[12].

Exercise in tendinopathy rehabilitation

In rehabilitation, many treatment options are proposed, with 
exercise representing the best, safest, accessible and most cost-ef-
fective option. In all these cases, protocols have been developed to 
understand the underlying mechanism and develop optimal thera-
peutic intervention procedures. 

 It is well established that exercise affects both the muscle and 
the tendon. The adaptation of the tendon to load depends on the 
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exercise regime including the magnitude of the load, the range of 
motion performed, the contraction mode (eccentric lengthening 
or concentric shortening), the movement speed, the number of 
repetitions as well as the rest periods between exercise sessions 
[13]. Studies suggest also isometric exercises which involve muscle 
activation without joint movement and may offer pain -relieving 
benefits during rehabilitation [14]. 

For more than 30 years since Komi (1979) introduced eccentric 
exercise, it has been chosen as one of the best treatment options 
[15]. Since then, a wide range of studies developed in all upper 
and lower limp tendinopathies suggesting exercise as a treatment 
option with few implications. Yet, there is no consensus on a cer-
tain type of exercise although eccentric is confirmed to be widely 
applied. Thus, several issues must be clarified not to mention that 
strictly speaking the tendon is a mechanically passive structure 
that lengthens when load increases and shortens when load is re-
duced. It is therefore questionable whether and how the type of 
contraction would affect the tendon and how could reply in the 
terms of pain, functional capacity and other psychological aspects 
of dysfunction such as kinesiophobia. As a consequence, no single 
protocol appears to be superior and doubts about dosing and pa-
tient perception of pain during performance exist [3,15,16]. 

One reason for this may be the reported weakness of traditional 
eccentric exercise protocols such as that of Alfredson., et al. (1998) 
[17] which in some cases affect the feasibility of the programs by 
patients, their acceptance and satisfaction [18,19]. These exercis-
es involve strengthening muscle contractions under load which 
promote collagen realignment and synthesis and promote tendon 
stiffness. Eccentric protocols typically require high repetitions 
which while effective, often result in poor compliance due to pain 
and time demands. The high repetition requirements of eccentric 
exercises as happens with the protocol in Achilles Tendinopathy 
is frequently a mentioned concern. Thinking epidemiology, a mid-
dle-aged person with Achilles Tendinopathy could not perform 
such a demanding exercise protocol.

Although eccentric loading exercises have been the cornerstone 
of tendinopathy rehabilitation there is a difficulty in setting guide-
lines in progression dosing and frequency and this challenges the 
outcomes in rehabilitation since there is no consistency especially 
when addressing in different populations.

While eccentric exercises focus on tensile loading, concentric 
which includes shortening contraction under load, also widely ap-
plied, are used to build overall muscle strength and support tendon 
recovery. Other types of exercise are also applied in rehabilitation 
and thus there appears to be a general “agreement” between scien-
tists that exercise can be effective in tendinopathy rehabilitation.

Limitations of traditional approaches

Despite their effectiveness, traditional rehabilitation protocols 
face significant limitations. As mentioned before, high-intensity ec-
centric protocols are often unsuitable for older patients and those 
with severe pain or kinesiophobia leading to high dropout rates in 
compliance.

Furthermore, these protocols primarily target tendon loading 
and overlook psychological aspects such as kinesiophobia which 
may influence significantly the patient’s adherence and compliance 
to the rehabilitation protocol and thus negatively influence recov-
ery outcomes.

Moreover, the lack of attention to biomechanics, poor align-
ment, posture, flexibility, proprioception and neuromuscular con-
trol in these protocols may further limit their efficacy especially in 
older population. 

In this context, alternative forms of exercise could be imple-
mented and the basic principles of rehabilitation could be utilized 
in developing protocols based on the previous knowledge, still ef-
ficient but easier to apply. Specifically, eccentric or concentric or 
isometric or high-resistance exercises could be applied in Pilates 
exercises.

Pilates as an alternative exercise approach

Recently, Pilates has become very popular and is increasingly 
applied to rehabilitation.

Developed by Joseph Pilates in the early 20th century, Pilates is 
a form of exercise that emphasizes controlled movements through 
a mind-body connection procedure. Pilates called his method 
“Contrology” and advocated that in rehabilitation and well-being, 
body strategies and mind should collaborate. In Pilates, the com-
plete connection between the mind and body is fundamental. He 
constructed a type of exercise which contains six core principles. 
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Breathing, central stabilization, motor control, precision, concer-
tation as well as flow in the execution of exercises are the basic 
principles of Pilates exercises. In Pilates, posture plays the role of 
protagonist and strength is ensured by the background activity 
of the deep muscles. Moreover, posture plays a crucial role in the 
correct distribution of the loads such as tissues can tolerate and 
thus flexibility and symmetry in movement patterns is restored. It 
seems that unlike traditional resistance training, Pilates incorpo-
rates strength, flexibility, neuromuscular control in a holistic ap-
proach [20].

Evidence-based benefits of pilates 

Studies on Pilates have shown that this approach is a safe, acces-
sible and effective method for managing musculoskeletal disorders, 
such as low back pain, chronic neck pain, nonstructural scoliosis, 
postmenopausal osteoporosis, and multiple sclerosis improving 
the quality of life of patients and preventing the risk of abstaining 
from sports activities due to disease/injury or the development of 
kinesiophobia [21-24].

Background research indicates that Pilates could be applied in 
the rehabilitation of tendinopathy [25,26].

Individual biomechanical imbalances, disorders in flexibility, 
neuromuscular capacity and structural disturbances may modify 
and maintain incorrect movement patterns, which in turn create 
predisposing risk factors for tendinopathy as mentioned before 
[6,22]. The emphasis on precise movement patterns in Pilates ex-
ercises helps correct biomechanical imbalances which are risk fac-
tors for tendinopathy progression. Moreover, other factors, such as 
age, body mass index, lipids and fat intake, and heredity, influence 
the ability of tissues to manage loads, resulting in an increased risk 
of tendinopathy [27].

Pilates has been proven to be effective in reducing pain, improv-
ing posture, flexibility, proprioception, balance and neuromuscu-
lar coordination, and increasing strength in the upper and lower 
limbs, resulting in kinetic and kinematic movement improvement, 
functionality, athletic performance and quality of life [28].

Pilates exercises are performed in a closed kinetic chain, "facil-
itating" compressive and tensile loads on the tendons, resulting in 
the prevention of degenerative tendinopathy due to lack of loading, 

especially in elderly people [29]. Equipment pilates exercises use 
spring resistance and may contribute to apply loads in eccentric, 
concentric, isometric exercises and thus influence tendon adapta-
tion. Pilates exercises promote simultaneously activation of multi-
ple muscle groups distributing tensile and compressive loads more 
evenly across tendons. While there is a strong background that 
Pilates exercises retrain movement patterns and thus contribute 
to reduced risk of injury and improved functional capacity, Pilates 
principles are well established and research shows that can play 
a crucial role in the prevention of musckuloskeletal injuries. For 
example core stabilization is related to improved upper-limp skills 
and lower-limp strength thus contributing to the prevention of 
musculoskeletal disorders such as tendinopathies while breathing 
and motor control set the conditions both in prevention of injuries 
and optimal exercise execution [30].

Yet, the research background on tendinopathy and Pilates is 
limited; however, one study on rotator cuff tendinopathy yielded 
positive results for pain, functional capacity and psychological fac-
tors that inhibit recovery, while Pilates was proven to be superior 
because of the presence of a mind-body connection[28].

On the other hand, some classic protocols applied in popular 
tendinopathies, such as the Achilles as mentioned above, are de-
manding and, as a result, difficult to apply to the general popula-
tion [31]. 

Generally speaking, considering modern rehabilitation man-
agement education, exercise and activity advice should be included 
[27]. Patients should be able to recognize the problem and man-
age it by modifying activity loads with exercise "strategies", thus 
limiting absences from activities which would have psychological 
consequences as well as the development of kinesiophobia [32].

Recently, there has been an effort by the global scientific com-
munity to agree among researchers and patients with tendon dis-
eases which outcome measures are important to include and eval-
uate in clinical studies.

Thus, at the 2019 symposium on tendon conditions, they con-
cluded that there are six central areas that are important and that 
assess status, participation, functionality, physical activity, psycho-
logical factors and quality of life (ICON, 2019) [33].

27

Pilates: A Novel Approach to the Rehabilitation of Tendinopathies

Citation: Aikaterini P Sivrika., et al. “Pilates: A Novel Approach to the Rehabilitation of Tendinopathies". Acta Scientific Orthopaedics 8.10 (2025): 24-32.



 The following year, at the 2020 symposium, an effort was made 
to arrive at a common, basic set of outcome measures to be applied 
in clinical practice and a great diversity was found in outcome 
measures that assess both psychological factors and social factors 
such as factors related to work, quality of life, fear. Musculoskeletal 
conditions are accompanied not only by pain and disability but also 
by anxiety, depression , fear of movement. There is an increasing 
awareness that psychological components have a negative impact 
on rehabilitation. Addressing psychological factors may enhance 
the management of tendinopathies and improve outcomes [34].

One of them, kinesiophobia or fear of movement seems to play 
an important role as an outcome measure in tendinopathy rehabil-
itation while at the same time, it was found that there is an urgent 
need to create a common set of outcome measures (ICON, 2020) 
[35].

Kinesiophobia is an important prognostic factor in musculo-
skeletal disorders, as a recent study conducted using the Delphi 
method concluded that among 35 psychological factors, it is the 
most important factor influencing the outcome in tendon diseases 
[11]. Reducing kinesiophobia has been one of the goals of rehabil-
itation for individuals with musculoskeletal disorders, as found in 
previous studies [36]. 

Some studies have investigated the effect of Pilates exercises 
on kinesiophobia [37,38] while a recent systematic review [39] 
showed that they have positive results, yet well-designed studies in 
all spectrum of the musculoskeletal conditions including tendinop-
athies need to establish them and create a framework. 

 Recent studies show also that Pilates could add value to well-be-
ing since it offers an overall psychophysical development which is 
essential. Participation in Pilates does not require much equip-
ment, has low cost, can be performed everywhere individually or 
as a group and overall has a positive effect on life satisfaction [40].

Although kinesiophobia seems to play a crucial role in the man-
agement of symptoms and functional capacity in tendinopathies 
there is a lack of studies which would confirm these indications. 
Recent study compared short term recovery in patients with mid 
portion Achilles tendinopathy with varying degrees of kinesio-
phobia treated with the Silbernagel protocol but no other similar 

studies have been identified [41]. It seems that the scientific com-
munity is worried about psychological factors related to common 
musculoskeletal conditions while new exercise regimens where 
mindfulness plays a principal role would be helpful if well-de-
signed studies set the conditions of executing the right type and 
dosage according to the principles of rehabilitation.

Summarizing, it seems that Pilates method is a holistic approach 
in which, with a complete connection between mind and body, ex-
ercise strategies could be applied at all stages of rehabilitation by 
applying all kinds of loads (isometric, eccentric, concentric, plyo-
metric, and stretching). Moreover, central stabilization and posture 
exercises can lead to increased upper and lower limb strength and 
improved skills, contributing to the prevention and rehabilitation 
of tendinopathy [42-44] while motor control and breathing train-
ing seem to be efficient in limiting the risk of injury [45,46].

The “idea” of training central stabilization (lumbo-pelvic con-
trol) which is one of the basic principles of the Pilates concept is 
described in literature as it can reestablish motor control and con-
tribute to load distribution on the lower kinetic chain [47-49].

Breathing enhances neuromuscular control activating deep 
stabilizing muscles, improving movement sufficiency, reduces 
pain sensitivity affecting sympathetic nervous system and lower-
ing pain perception, improves postural stability preventing mala-
daptive postures that overload tendons and thus contributing to 
tendon recovery [50,51]. Yet, future studies need to explore how 
breath control influences proprioception and tendon adaptation.

Posture exercises improve biomechanics, optimizes muscle-ten-
don coordination and load distribution, limits compensatory mus-
cle tension and thus prevents reinjury [52-55].

Although research on Pilates for tendinopathies is limited, there 
are interesting indications based on well-established studies that 
its key elements may affect tendinopathy risk factors and thus con-
tribute to the prevention and rehabilitation of tendinopathies.

Moreover, individualization is highlighted guided by patient’s 
symptoms and needs [56], thus no optimal treatment program ex-
ists. It appears that protocols are adjusted to individuals and thera-
peutic training is focused less on exercise type or training variables 
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and more on a personalized approach with respect to the princi-
ples of rehabilitation [57].

Challenges and limitations of pilates in tendinopathy rehabil-
itation

Pilates is a very popular exercise where mindfulness plays a 
crucial role in executing. There is evidence on its effectiveness but 
there is a lack of standardized protocols. This is a primary challenge 
in integrating Pilates exercises into tendinopathy rehabilitation.

The variety in exercise types-ranging from mat-based routines 
to equipment- assisted regimens make it difficult to establish con-
sistent set up, dosing, frequency, intension parameters. Basic stand-
ardization of the set up of the exercises together with progression 
parameters is crucial for developing evidence-based guidelines 
that can be adopted in clinical practice.

The above would set the principles to conduct well-designed 
studies where the aim would be to modify Pilates exercises rather 
than applied randomly and to adjust Pilates exercises according to 
the stage and principles of rehabilitation.

Future directions for research

Pilates is widely applied in clinical practice, but related research 
is apparently limited. There is evidence that it can be used as an 
alternative, friendly form of exercise both for prevention and in the 
early stages of rehabilitation in athletes and at all stages in the gen-
eral population. 

While emerging studies indicate the potential of Pilates exer-
cises for managing tendinopathy, most are limited by small sizes, 
short on no follow-up period, lack of control groups. There is need 
of high-quality randomized controlled trials comparing directly Pi-
lates exercises with established protocols such as Alfredson or Sil-
bernagel protocols to validate its efficacy and its potential to apply 
to the population according to its characteristics and needs. The 
ideal would be to apply protocols to different population groups 
and to design guidelines for each group of patients. Athletes (rec-
reational or professional) and general population facing the same 
pathology have different needs and expectations.

To integrate Pilates in tendinopathy rehabilitation, there is need 
to define exercise selection, intensity, frequency and progression. 

Future studies should consider the type of tendinopathy (reactive, 
degenerative, disrepair or reactive to degenerative), the stage and 
differentiate protocols between mat-based or equipment to ad-
dress the variability in load management and neuromuscular ad-
aptation. Additionally, existing studies often lack well established 
outcome measures which limits the ability to draw definite and 
safe conclusions. Given that the community could benefit from Pi-
lates exercises it is supported that future research should adopt 
comprehensive outcome measures. Together with outcome meas-
ures for the progression on physical function, psychological out-
come measures should be included in assessment and progression 
in rehabilitation to provide a holistic evaluation of recovery.

Personalization of Pilates-based protocols would add value to 
rehabilitation since functional limitations, psychological peculiari-
ties should be taken under consideration. Last but not least togeth-
er with the guidelines , scientists should think recurrence rates, 
patient satisfaction and healthcare cost. 

Access and training limitations

Another barrier to the integration of Pilates in rehabilitation is 
the accessibility in certified instructors. Generally, it is applied by 
professionals who are not necessarily certified; therefore, there are 
limitations in optimal protocols that could have positive results. 
The variability in instructor training standards poses challenges in 
ensuring the safe and effective of Pilates-based exercises in clin-
ical settings. In many cases, cost varies and it does not represent 
the correct approach. Pilates interventions for clinical conditions 
should be administered by certified professionals who would fol-
low a framework. Scientific community should take into consider-
ation the above challenge.

Conclusion

Tendinopathies are common and affect productivity and quality 
of life, causing problems related to socioeconomic and psychologi-
cal factors. People who suffer from tendinopathies represent a large 
proportion of the general population. Pilates presents a promising 
alternative to traditional rehabilitation approaches, offering a ho-
listic strategy that addresses both symptoms,functional capacity  
and psychological aspects of recovery. Modified Pilates exercises 
could be applied alternatively to existing demanding protocols in 
tendinopathy rehabilitation in an attempt to benefit from an alter-
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native, friendly, yet efficient approach that would keep them active. 
Tendon loading could be optimized by controlled movement pat-
terns, enhancing neuromuscular control and setting the principles 
of progression. Core stability, breathing, motor control, concentra-
tion would prevent maladaptive movement patterns and integrate 
a strong mind-body connection in executing exercises.This holistic 
approach would contribute to reduce kinesiophobia , improve ad-
herence and compliance and affect physical and psychological out-
come measures.

However, current evidence is limited and the need to conduct 
well-designed randomized studies by certified Clinical Pilates 
physical therapists who would alternatively develop tendinopa-
thy prevention and rehabilitation protocols is highlighted. Future 
research should develop evidence-based Pilates protocols and ex-
plore their integration into rehabilitation frameworks.

Bridging the prementioned gaps, Pilates could become an al-
ternative, accessible, low to high impact, effective solution for both 
athletes and the general population.
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