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Abstract 

Tendinopathies represent one of the most frequent sport injuries and their correct treatment is a crucial 

issue in sport medicine practice. In most of the cases, these multifactorial conditions are related to overuse 

and it is characterized by activity-induced pain, local tenderness and swelling. Although tendinopathies are 

common, their treatment is not easy. Currently, it is generally accepted that the management of 

tendinopathies should include early functional exercises. Eccentric Exercise (EE) is considered a 

fundamental therapeutic resource, especially for the treatment of Achilles and patellar tendinopathy. In 

our review we analyze the use of EE for the treatment and prevention of the lower limb tendinopathies, 

evaluating the adopted programs and efficacy, the possible mechanisms of the healing process and the 

action of EE on tendon structure. Treatments with EE are useful to improve symptoms and function in 

lower limb tendinopathies, but more evidences are necessary to establish the adequate dose-response and 

to determine long-term effects. 
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Tendinopathies in athletes  

Tendinopathies are multifactorial clinical conditions affecting tendons, in most of the cases related 

to an overuse of tendon structures. It is characterized by activity-induced pain, local tenderness 

and   swelling   [1].   The   term   “tendinopathy’’   indicates   both   the   tendinosis   and   tendonitis   [2].   To  

identify the tendinosis, an histopathological assessment is mandatory, contemplating 

degenerative modifications with lack of inflammatory features. Changes in tendon tissue are 

consequent to a failed healing response and consist in ipercellularity, disarrangement of collagen 

fibers with following increase in type III collagen and proteoglycans, and neoangiogenesis in 

surrounding tissue (paratenon) and on the  tendinopathic areas  [3,4,5]. On the contrary, 

tendonitis are related to an inflammatory process. Inflammation seems to be evident exclusively in 

the initial phase of the tendinopathies whereas in chronic stage of disease, inflammation is absent 

or minimal [6]. 

Tendinopathies   typically   arise   in   athletes,   due   to   the   mismatch   between   the   tendons’   loading  

capacity and the load on the tendon, commonly for consistent or abrupt load variations [7]. This 

may happen with a full return to sport activity after a sudden detraining. In this period it has been 

noted a disorganization in collagen fibers arrangement as demonstrated in patellar tendons of rats 

[8]. Because the capacity of tendons to react to the load is very slow, a pathological response is 

triggered  when  magnitude  or  temporal  distribution  of   loading  exceeds  the  tendons’  threshold  of  

load. At the same time, the underload could be also a predisposing factor for histopathological 

modification, particularly for the patellar and Achilles tendons in which the store and release of 

energy is continuously repeated [9]. Finally, a great interest on the role of metabolic and 

endocrine disorders is emerging, especially in thyroid and oestrogen hormones deficiencies, 

diabetes and hypercholesterolemia [10-12]. In particular, it was demonstrated that before 

menopause the risk of developing tendon pathology in women is lower than in men, in contrast 

with the findings for older women for whom the incidence of tendinopathy and tendon rupture is 

similar to males [13, 14]. 

Therapies for tendinopathies are changing with the progression of the research and the growing 

evidences on this topic. Currently, it is generally indicated as the clinical management should 

include early functional treatments, rather than rest and immobilization [15]. Several therapeutic 

options are allowed as conservative treatments: eccentric and concentric exercise, extracorporeal 

shock wave therapy, therapeutic ultrasound, low level laser therapy, hyperthermia, splinting-
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bracing and orthoses, deep transverse friction and topical glycerine [16,17]. Recently, Platelet-Rich 

Plasma and hyaluronic acid injections have been also proposed for different tendinopathies, 

resulting to be effective in preclinical and clinical studies [18-21].  

Eccentric Exercise (EE) is considered a fundamental rehabilitative phase of conservative 

management of the tendinopathies, especially for the Achilles tendinopathy (AT) and for the 

patellar tendinopathy (PT), representing also a promising and feasible tool for other sites of 

tendinopathies in athletes. 

This review aims to describe the proposed eccentric training programs in the treatment of the 

tendinopathies, focusing on AT and PT. We investigate the possible mechanisms of efficacy, the 

healing process and the action of EE on tendon structure. 

 

Eccentric Exercise in tendinopathies 

Eccentric muscle contractions applied as a regular training program over months are considered 

the gold standard for managing AT and PT [22]. Even if little is known about the mechanisms of 

efficacy, EE has been demonstrated to improve tendon structure and muscle strength also 

modulating  genes’  expression  for  myotendinous  junction  proteins  [23-25]. Although the lack of a 

general consensus, it has been noted that EE reduces the tendency of tendon to degenerate by 

increasing collagen content and reducing neovascularization both in animal and human studies 

[26-28]. In a study on elite male soccer players, Langberg and colleagues have observed as a 12-

weeks eccentric training program stimulates the production of collagen type I, with a significant 

pain reduction during loading [28]. 

Neovascularisation plays an important role, especially in AT. Capillary blood flow is quantitatively 

increased at the point of pain in both insertional and mid-portion of the Achilles tendon [27]. 

Although not fully elucidated yet, the reduction in neovascularization after EE may be related to 

the direct action on microvascular circulation determined by shear forces between paratenon-

fascial-tendon layers [27]. However, the presence of neovascularization in absence of pain is not 

necessarily pathological, and, in athletes, it can just indicate a physiological response to physical 

training [29]. 

Although the ability to adapt to training seems to be gender-specific [30], it is not clear whether 

the adaptation to eccentric training differs between male and female patients. Hicks and 

colleagues observed a gender-specific difference in fascicle behavior during eccentric contractions 

may be partially attributed to the differences in patellar tendon compliance between males and 

females [31]. 
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Most of the studies on EE have been carried out on the Achilles tendon. Acute and chronic AT 

represent 50% of all sports-related injuries and the 75% of Achilles tendon ruptures had an history 

of AT [32,33]. The AT is often observed in long-distance runners with an incidence of 7-9% per 

year. However, it frequently occurs in middle-aged males during a large amount of sport activities 

[34]. Some athletes (i.e. jump high or agile athletes) frequently suffer this condition, maybe due to 

the peculiar athletic gesture. These could be associated to the expression of definite genotypes. 

Brown and colleagues have showed as better endurance runners are more frequent to be TT 

genotype of the COL5A1 gene, that is correlated to an higher frequency of tendinopathies [35]. 

Other frequent district of tendinopathies is patellar tendon. The prevalence of PT is dependent by 

sport characteristics, competitive level and gender. It is higher in repetitive jumping disciplines. In 

fact, elite athletes are affected up to 35% for basketball players and up to 45% volleyball players, 

while it is 8.5% in non-elite athletes population and 14.4% in volleyball amateur players [36,37]. 

Even if EE has been showed to be effective, programs are not yet well established, neither for 

dose, velocity and number of contractions or for period of treatment. Kjaer and Heinemeier have 

also claimed that it is not clear which type (eccentric or concentric) and which modality (slow or 

fast) of exercise determines the remodeling of tendon structure of exercise [38].  

Firstly, it was speculated as tendons could be exposed to higher forces during eccentric than 

concentric exercise [39]. While other studies have not reported any differences in peak Achilles 

tendon force during the two types of exercises [40,41], Rees and his collaborators found that 

fluctuations in tendon forces were more pronounced during EE, probably for the intrinsic difficulty 

in controlling a dynamic movement during elongation [42]. Frequencies of the force loading were 

found to be in a 8-12 Hz range. This range could represent in part the stimulus for remodeling 

stimulation [43]. Chaudhry and colleagues have shown that this frequency is not related to 

tendons’   stiffness   even   if   the   magnitude   of   10   Hz   is   inversely   correlated   to   it.   Because   of  

tendinopathies lead to a stiffness reduction, it was argued that the magnitude of perturbations is 

greater in these conditions [44]. It was consequently proposed as a training program with 8-12 Hz 

magnitude and frequency bandwidth could increase successful repetition sets with less fatigue 

and beneficial effect in tendon of healthy adults [45,46].  

 

Is eccentric exercise effective for Achilles Tendinopathy? 

The efficacy of EE in athletes is difficult to evaluate due to the wide heterogeneity of the involved 

populations, outcome measures and inadequate sample sizes for most of the studies. Moreover, 
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rehabilitative protocols with EE differ for frequency of administration, number and velocity of 

repetitions, load parameters, presence of pain, interruption with sport activities.  

In a pioneering study, Stanish, Rubinovich and Curwin evaluated 200 patients affected by AT, in 

absence of a control group [39]. In their study, they proposed a treatment program including 

specific eccentric and strength exercises for the healing process of tendons affected by 

tendinopathy.  Afterward, Alfredson and colleagues showed a significant superiority of 12-week 

training program with EE for the return to sport-activity in a controlled study on 15 athletes [47]. 

The  Alfredson’s  protocol  is  still  used  widely.  It  consists  of  3  sets  of  15  repetitions  performed  twice  

in a day for 12 weeks with progressive loading until to pain threshold.  

Rompe and colleagues demonstrated that EE was more effective with respect to wait and see 

strategy and comparable to low energy shock wave therapy (ESWT) at 4-month follow-up in 

Achilles midportion tendinopathy [48]. Then, the same authors have also showed that outcomes 

could be improved with a combined therapy based on eccentric loading and repetitive ESWT in 

comparison than EE alone [49].  

de Jonge and collaborators have observed as EE, with or without a night splint, improved the 

functional outcome after one-year follow-up in patients with chronic AT, without any difference in 

terms   of   splinting   use   [50].   In   a   study   based   on   patients’   point   of   view,   Mafi,   Lorentzon   and  

Alfredson showed as patients resumed the sport activity level before injury with a high level of 

satisfaction, more than those treated with a training based on concentric exercise [51]. Then, 

Nørregaard and colleagues have found significant improvements in terms of impairments and pain 

both in the eccentric training group and in the stretching group after 3 weeks and 1 year follow-up 

in a mixed population [52].  

In terms of long-term outcomes, contrasting results were showed. Van der plas and collaborators 

evaluated a 3-months  period  Alfredson’s  EE  protocol at 5-year follow-up,  concluding that use of 

EE is effective in increasing function and controlling pain symptoms [53]. In another study, it was 

reported a recurrence of symptoms (15%) after 5 years, even if the majority of the patients (80%) 

fully recovered from the injury [54]. In this study, the rehabilitative program was performed under 

the supervision of a physiotherapist and lasted from 12 weeks to 6 months. Exercises consisted of 

eccentric-concentric progression until to eccentric loading of two-legged and one-legged 

concentric–eccentric toe-raises. Intensity was gradually increased by raising the range of motion, 

number of repetitions, load and speed of loading. In a previous study, Silbernagel indicated as an 

EE program did not ensure the full recovery of muscle-tendon function in AT, encouraging to 
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continue their rehabilitation protocol [55]. A discrepancy in long-term outcomes may be partially 

explained by the differences of adopted program. 

The EE has been shown to be more effective for patients with mid-portion AT with respect to 

patients with insertional AT. In chronic tendinosis of insertional AT, pain was reduced in only 32% 

of patients [57]. In reason of that, a modified EE treatment was introduced. This program avoided 

the ankle dorsiflexion and the consequent mechanical impingement between the prominent 

calcaneus and the tendon and bursa that may be responsible for the lack of efficacy. This protocol 

consists of 45 repetitions of the exercise, twice a day, 7 days a week, for 12 weeks in 27 patients, 

resulting in significant reduction of pain also for patients who were not satisfied [57]. At the 

moment, this pilot study remains the only one adopting this treatment regimen. 

 

Is eccentric exercise effective for Patellar Tendinopathy? 

Most of the studies that have investigated EE in PT were performed on a decline board, whereas 

only few studies adopted eccentric drop squats or heavy slow resistance training [58-61]. Cannell 

and colleagues recruited 19 athletes from different sports affected by unilateral or bilateral PT 

[59]. Patients were randomized in two groups: one group was treated with eccentric drop squats 

program; the other group was treated with concentric leg extension/curl exercises. Both trainings 

lasted 12 weeks. Even if any significant difference between groups was found, a larger number of 

athletes fully returned to sport activity within 12 weeks after the eccentric drop squats program. 

Authors noted as the lack of statistical significant differences could be partly due to the small 

sample and the short period of observation (12 weeks). 

The EE performed on decline board was found to be more effective in the management of pain for 

PT [62]. Young and colleagues compared the decline board protocol versus drop squats in elite 

volleyball players throughout competitive season [63]. Both programs were effective to improve 

pain and sport function, although the group treated with decline board displayed a significant 

improvement in function, pain, and ability to perform sport at the end of the sport season 

(Victorian Institute of Sport Assessment, VISA). These findings may be related to the fact that 

squats   performed   on   a   25˚   decline   board   are   targeted   for   the   knee   extensor  mechanism  more  

specifically than the drop squat, in which the load applied on the knee may be altered by other 

factors such as calf tension or trunk flexion.  

In a prospective randomized trial, Jonsson and Alfredson treated a PT  of  jumper’s  knee  comparing  

a program of eccentric versus concentric exercises of the quadriceps on a decline board, 
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enhancing gradually load by means of weights [64]. At the 12 week follow up, the EE group 

presented significantly lower VAS score and higher VISA scores. In the group of the concentric 

exercises, more patients dropped out the rehabilitative program and they were unable to return 

to previous sporting activity after treatment. Moreover, at long-term follow-up, patients in 

concentric group needed to be treated with sclerosing injections or surgery, while patients treated 

with eccentric protocol were fully recovered to sport at the same level before injury.  

One of the focus point is related to the interruption from the sport activity during the 

management of PT. A program of EE on decline board performed at home has been shown to be 

ineffective during a competitive season (VISA scores unchanged during the intervention period, 

and at 6 weeks and 6 months follow-up evaluations) [65].The treated athletes did not significantly 

differ with respect to those who continued to train and compete as usual during the treatment 

period [65]. On the contrary, a recent study performing a EE without interruption of the training 

during the competitive season has shown promising results [66]. In volleyball players between 16 

and 19 years-old suffering PT, the experimental group performed daily EE once a day on the left 

and on the right leg. In the match days or when athletes had intense trainings, they were educated 

to not perform the eccentric squats. In the fourth week, an unstable surface was added to the 

protocol, in order to increase the body stabilization. Use of this protocol allowed to avoid 

detraining risks, maintain muscle strength, maximal power and jumping ability. These results 

confirmed similar outcomes, obtained in previous studies both for AT and PT [56,57,60], indicating 

the possibility to continue the sport activity during the clinical management of tendinopathies 

[67]. 

To enhance the effects of EE, static stretching exercises of quadriceps and hamstrings have been 

proposed [68]. In a study involving non-athletes affected by chronic PT (symptoms lasting for more 

than 3 months), the program associating EE and static stretching was found to be more effective in 

respect to EE alone for improving function and relief pain until 6 months follow-up.  

Finally, EE have been tested also as rehabilitation program after open patellar tenotomy [69]. 

Post-operative rehabilitation consisted of a gradual increase in the number of training sessions 

and repetitions with progression to eccentric training. This treatment was compared with a 

conservative management based on EE training. This program consisted of squats on a 25° decline 

board performed twice daily for 12 weeks. During the first 8 weeks of treatment, athletes were 

allowed to gradually return to their sport whether pain was absent or minimal. Even if treatment 

options resulted in a definite improvement in knee function and symptoms relief, only half of all 
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patients were able to return to sport within one year after treatment with each option, and fewer 

with complete symptoms relief. No advantage for the surgical treatment was demonstrated. 

Consequently, authors suggested to perform a conservative rehabilitation before to consider 

surgery for the treatment of PT [69]. 

 
Is it useful to perform eccentric exercise as preventive treatment in tendinopathy? 
The role of EE as a preventive treatment has to be deeper investigated. 

In muscle injuries, EE are effective in preventing hamstrings muscular injuries in soccer and rugby 

players [70-72]. A study on pre-season training has shown as EE could decrease hamstring injury 

risk during competitive season [73]. The rationale of using EE is thought to be linked to the 

enhancement of the hamstrings angle to the optimal torque. In fact, the mechanism of injury is 

related to the activity of flexor muscles, stretched beyond optimal torque threshold during rapid 

eccentric contraction [74]. 

In tendinopathies, prevention with EE should be directed to athletes with structural modifications 

of their tendons even if clinically asymptomatic. Morphological changes are detectable with the 

ultrasonographic investigation and consist of hypoecogenic areas, tendon thickening, 

neovascularization and, in case of Achilles tendon, paratenon blurring [75]. It was observed a 

significant correlation between mid-portion Achilles thickening and increased risk of 

tendinopathies’   onset   in   football   players   at   1   year   follow-up [76]. Fredberg and Bolving have 

estimated that up to 40% of football players with Achilles tendon abnormalities and 17% with 

patellar tendon abnormalities develop symptomatic tendinopathies [77].  

To the best of our knowledge, only one study has investigated the possible role of a combined 

treatment (EE and stretching) in the prevention of tendinopathies, with contrasting results [78]. In 

a randomized controlled trial involved 209 professional soccer players, the authors found that EE 

and stretching significantly reduced the risk of developing structural modifications and symptoms 

of PT for asymptomatic athletes with normal patellar tendons. This was not revealed for AT. On 

the contrary, in asymptomatic players with ultrasonographically morphological abnormalities of 

patellar tendons, prophylactic EE and stretching increased the injury risk. One of the reason of the 

failure of this prevention program based on EE has been associated to the low dosage of training, 

insufficient to achieve the proposed aim [79]. In fact, the total number of the EE repetition was 

about one-third   of   the   total   amount   of   the   training   in   Alfredson’s   protocol.   Moreover, this 

prevention training lasted a whole competitive season (about 36 weeks) versus a program of 

treatment lasting 12 weeks. Despite the existing difficulties to recommend an intensive program 
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to professional athletes as preventive treatment, it may be interesting to define whether results 

may be different modifying parameters related to dosage and time. 

 

Conclusions  

Although EE is widely used in the rehabilitation of midportion AT e PT in athletes, many points 

need to be clarified. It remains unclear how exactly EE works and what dosage of the training is 

necessary. Then, there is still lack of evidences about a possible efficacy of EE in the prevention of 

the onset of tendinopathies. Further clinical trials should be done to assess the effects of eccentric 

training programs. Future studies need longer-term follow-up in wider sample sizes. To verify 

protocols, different eccentric training program should be compared. Imaging assessments are also 

necessary before and after the period of treatment, in order to check on morphological 

modification of the treated tendons. 

Enhancing clinical research on AT and PT is crucial for sport medicine, considering how these 

conditions affect sport participation, compromise the athletic performances and may even cause 

career ending. Despite all methodological limits, current findings support the extensive use of 

eccentric exercise in the management of Achilles and patellar tendinopathies, alone and also with 

stretching exercises, both for pain and function. It is recommended to perform programs lasting 

12 weeks at least, with an high number of repetitions, to sustain positive outcomes in longer 

periods.  
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