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Abstract 

Achilles tendinopathy (AT) is one of the most frequent overuse injuries in the ankle. The evidence base for its con-
servative management AT continues to evolve, but there is still a gap in the evidence for the efficacy of any modal-
ity of treatment in high-quality studies. This systematic review and meta-analysis investigated the efficacy of EE in 
improving pain and function in adult patients with mid-portion Achilles tendinopathy compared to other forms of 
exercise. A search was performed in PubMed, BIREME, SportDiscus, Cinahl, Web of Science and PEDro, in November 
2022. The methodological quality was evaluated using the Risk of Bias 2 tool (RoB2) of the Cochrane collaboration, 
and the meta-analysis was performed using the Review Manager 5.1 program. 2024 articles were identified and eight 
fulfilled the inclusion criteria. RoB2 presented a final score with 62.5% of the studies presented “some concerns”, and 
37.5% (five and three articles, respectively) presenting “high risk” of bias. EE was effective for the managment of AT. The 
only variable for which a meta-analysis was possible was pain (five articles), analysed with the visual analogue scale/
numerical visual scale. The mean difference (MD) in treatment effect using EE was − 1.21 (− 2.72 to − 0.30) with a 
95% of confidence interval (CI), thus identifying a significant positive effect for the improvement of pain in patients 
with AT in whom EE was used. EE is effective in the management of AT. The meta-analysis shows the need for appro-
priately powered randomized controlled trials with better design, the use of standard outcome measures and well-
planned protocols for conservative management of AT.

Level of evidence: Level 1.
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Introduction
The Achilles tendon is one of the widest and strong-
est tendons in the human body. Despite this, injuries 
are common [1]. Achilles tendinopathy (AT) is one of 
the most frequent overuse injuries in the ankle and foot 
[2–4], and is a clinical syndrome characterized by pain, 
swelling and loss of function [5].

AT has an incidence of 1.85 per 1000 people in the 
general population [5, 6]. Most individuals with AT are 
active, and involved in recreational or competitive sports 
[7, 8]. For example, runners have an annual incidence of 
10%, with a higher chance of developing AT symptoms 
compared to non-runners younger than 35  years [7, 9]. 
AT can be present in 51/100 of athletes in whom running 
is part of their sport [8].

Basketball, soccer, tennis and wrestling have high inci-
dence rates of ankle injuries [10, 11]. Up to 27% of all 
musculoskeletal injuries in athletes’ are foot and ankle 
injuries, with the highest incidence in female gymnastics, 
female soccer and male and female cross-country run-
ners [12]. However, up to one in three sedentary individ-
uals can develop AT [6].

Abnormal biomechanics of the lower limb may 
increase the risk of excessive or unusual loading of the 
Achilles tendon, and changes in range of motion (ROM) 
of the ankle and lower limb have been associated with an 
increased risk of AT [13]. In most AT patients, the con-
dition improves with simple conservative interventions, 
the first line management option, which can be combined 
with a variety of other agents [14–16]. Surgery is gener-
ally undertaken when appropriately conducted conserva-
tive management has failed [17].

Conservative therapies for the management of AT 
include kinesiotherapy, electrotherapies, cryotherapy, 
dry needling, bandaging, splints[18–21]. Exercise pro-
grams are the most widely studied interventions for the 
management of AT, and eccentric, concentric, isometric, 
and isokinetic contractions have all been used, alone or 
in combination [15, 22–26]. In 2012, a systematic review 
with a meta-analysis [23] in relation to physical therapy 
in AT identified 23 publications: eccentric exercise (EE) 
was shown to be an effective intervention to manage AT 
[23]. More recently, other studies have shown the efficacy 
of EE for the management of AT [15, 16, 27–29].

In eccentric exercise, the muscle contracts while being 
lengthened [30]. Eccentric contractions not only produce 
the highest forces in the muscle compared to concentric 
or isometric contractions, but are also energy efficient 
[31]. The most frequently described protocol focuses on 
a progressive eccentric strengthening with increasingly 
heavier loads [32]. Van der plas et  al. [33] evaluated EE 
for 3  months at 5  years of follow-up: EE is effective in 
increasing function and controlling pain symptoms. Roos 

et al. [34] concluded that EE reduces pain and improves 
function in AT patients, and more patients in the EE 
group returned to their sport after 12  weeks than the 
other groups.

The prognosis of AT may vary from individual to indi-
vidual. Paavola et al., in a 8-year follow-up study, showed 
that 84% of the patients returned to their pre-disease 
activity levels, and 94% of the patients were asympto-
matic or had only minimal pain [17].

The evidence base for conservative therapy for AT con-
tinues to evolve, but there is still a gap in the evidence for 
its effectiveness in high-quality studies. We performed 
a systematic review and meta-analysis to investigate the 
efficacy of EE in improving pain and function in adult 
patients with mid-portion Achilles tendinopathy com-
pared to other forms of exercise.

Methods
The protocol for this review was registered in the Inter-
national prospective register of systematic reviews—
PROSPERO, number CRD42018118016, the PRISMA 
guidelines (Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses) and the AMSTAR 2 (A 
MeaSurement Tool to Assess systematic Reviews) were 
used.

Searches
The search was performed in PubMed, BIREME, Sport-
Discus, Cinahl, Web of Science and PEDro without date 
restriction filter. Table  1 shows the search strategy rela-
tionship, which was adapted for use in other databases.

Following identification of the articles which matched 
the inclusion and exclusion criteria, their references were 
manually searched to identify other possible articles to be 
included in the present study.

Study inclusion and exclusion criteria
As randomized clinical trials (RCT) are the gold stand-
ard to assess the effectiveness of clinical research [35], we 
included RCT with eccentric exercise performed in adult 
patients (older than 18 years) with mid-portion Achilles 
tendinopathy in whom a programme of eccentric exer-
cises was compared to another conservative modality, 
and in whom the outcome measure was assessment of 
pain and/or disability. Regarding the studies selection, 
we were interested in identifying the effects and harms 
associated with an intervention. Hence, RCTs were cho-
sen because they can provide a complete overview of the 
efficacy of a given intervention.

We did not include studies reporting on participants 
with ruptured Achilles tendon or with insertional ten-
dinopathy. The search was limited to human studies 
and published in Portuguese, English or Spanish, due to 
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the language capabilities of the researchers. In addition, 
review articles, expanded abstract, letters to the editor, 
annals of congress, editorials, dissertations and theses 
were excluded.

Data extraction
The following information was extracted: basic informa-
tion (author, published year, country, trial design, sub-
ject characteristic, sample size, intervention duration, 
basic results); and outcome measures (primary—pain 
and function; secondary—strength and range of move-
ment). The search was performed by two researchers 
independent of each other. If there was disagreement, 
a third reviewer was consulted for final decision. Data 
were exported and stored in the Zotero® program, 
where duplicate articles were excluded. The data were 
then exported to Microsoft Excel®, where articles were 

removed according to their titles, followed by their 
abstract, and then the remaining articles were read in 
full text. Relevant data were then extracted manually and 
inserted into Review Manager software (RevMan 5.3).

Study quality assessment
The Cochrane Collaboration risk-of-bias 2 (RoB 2) tool 
for randomized trials was used to assess the risk of bias 
in the included studies [36]. The tool is structured into 
five domains through which bias can be introduced. 
The domains cover all types of trends that may affect 
the results of randomized trials namely: (1) bias aris-
ing from the randomization process; (2) bias from 
deviations from intended interventions; (3) bias from 
missing outcome data; (4) bias in measurement of the 
outcome; (5) bias in selection of the reported result. 
The answer options for the questions are: yes; probably 

Table 1 Keywords of the search strategy of the electronic databases

*Truncation (search term starting with the letters preceding the asterisk)

.tw, text word; /, Mes

Search PubMed/sportdiscus/cinahl/web of Science PEDro BIREME

#1 Achill*(.tw) achill* Achill*

#2 Triceps surae(.tw) tendin* Triceps surae

#3 Tendin*(.tw) eccentric* Tendin*

#4 Heel(/) concentric* Heel

#5 1 OR 2 OR 3 OR 4 exercise Pain

#6 Pain(/) Function

#7 Function(.tw) Physical therapy

#8 6 OR 7 Physiotherapy

#9 5 AND 8 Exercise therapy

#10 Physical therapy(.tw) Exercise

#11 Physiotherapy(.tw) Rehabilitation

#12 Exercise therapy(.tw) Concentric*

#13 Exercise(/) Eccentric*

#14 Rehabilitation(/) Strength training

#15 Concentric*(.tw) Strengthening

#16 Eccentric*(.tw) Resistance training

#17 Strength training(.tw) Randomized controlled trial

#18 Strengthening(.tw) Controlled clinical trial

#19 Resistance training(/) Randomized controlled trials as topic

#20 10 OR 10 OR 12 OR 13 OR 14 OR 15 OR 16 OR 17 
OR 18 OR 19

Trial

#21 Randomized controlled trial(/) Placebo

#22 Controlled clinical trial(/)

#23 Randomized controlled trials as topic/

#24 Trial(.tw)

#25 Placebo(.tw)

#26 21 OR 22 OR 23 OR 24 OR 25

#27 9 AND 20 AND 26 1 ADN 2 AND 3 
AND 4 AND 5

1 AND 2 AND 3 AND 4 AND 5 AND 6 AND 7 AND 8 AND 9 AND 10 AND 
11 AND 12 13 AND 14 AND 15 AND 16 AND 17 AND 18 AND 19 AND 20
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yes; probably no; no; and no information. Responses 
to questions provide the basis for domain-level judg-
ments about risk of bias, and then these domain-level 
judgments provide the basis for a general risk of bias 
judgment for the outcome of the study being evaluated. 
The possible judgments of risk of bias are: (1) low risk 
of bias; (2) some concerns; and (3) high risk of bias [36].

Data synthesis and presentation
A meta-analysis was performed to synthesize study 
data and verify the effect size of the intervention using 
the RevMan 5.3 program. The results of the meta-anal-
yses are presented in a forest plot, where the left side 
positively represents the treatment (less than zero) and 
the right side negatively (greater than zero). We used 
for the meta-analysis an effect model with a justifica-
tion of the same AT population, and a mean difference 
as the type of effect size. Each study is shown with its 
effect size and the corresponding 95% confidence inter-
val [37, 38]. The general measure of the effect is repre-
sented by a diamond: its centre represents the overall 
estimate, and the width or side points indicate general 
confidence intervals [39]. Heterogeneity was tested by 
p value and I2. If p > 0.10 and  I2 < 50%, the heterogene-
ity was considered low enough to conduct a meta-anal-
ysis with a fixed-effect model. If p < 0.10,  I2 > 50%, there 
was a high level of heterogeneity, and a random effect 
model was used. Sensitivity analysis was conducted by 
one-by-one exclusion method for individual studies. 
Descriptive analysis was performed if the heterogeneity 
was too large  (I2 > 85%).

Results
Search results
A total of 2024 articles were identified among the pub-
lished articles to the time when the search was per-
formed, with the last update in November 2022. After 
all stages of the review, 16 articles remained for com-
plete analysis. Studies were excluded after the full-text 
screening for the following reasons: protocols [40]; com-
parison group without an exercise protocol [34, 41–43]; 
follow-up studies [33, 44]; full text not found [45]; both 
tendinopathy of the main body and insertional tendi-
nopathy included in the study or not reported [46, 47]. 
Therefore, eight articles fulfilled the inclusion criteria. No 
article was identified through the manual search in the 
references section. A total of 8 studies were eventually 
included in the present study (Fig.  1). The studies were 
conducted in seven different countries: Sweden [48–50] 
and Germany [51, 52] with one each in Greece [53], Scot-
land [54] and Denmark [55] respectively.

Participants
The included studies reported a total of 401 Achil-
les tendons in 371 patients; two studies included indi-
viduals with bilateral and unilateral AT [49, 50]. Clinical 
examination (7/8) was the most common criterion for 
the diagnosis of AT [48–50, 52–55]; three studies used 
ultrasound [48, 51, 55], and one [55] added the VISA-A 
questionnaire and the VAS pain scale to complete the 
diagnosis. All studies included only patients with ten-
dinopathy of the main body of the Achilles tendon. The 
minimum duration of symptoms was of three months. 
The participants’ ages ranged from 19 to 77, with a mean 
of 46.6  years. Male participants were 54.2%, and 45.8% 
were females in the articles that reported the gender, with 
one article [53] not reporting the sex of the participants.

The samples per study group ranged from 13 to 25 par-
ticipants, with a mean of 18.5 individuals in each group.

Interventions
All studies were clinical trials. Six studies included 
two intervention groups: one was eccentric exercise 
(EE), compared to another exercise modality, such as 

Fig. 1 Flow chart of the literature search
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concentric exercise [48]; light training [49]; heavy slow 
resistance (HSR) [55]; and with another protocol of 
eccentric exercise [50, 53, 54]. Two articles included 
three groups: EE, electrotherapy and wait-and-see [51] 
and EE, vibration training and wait-and-see [52]. Most 
studies (75%) applied the intervention for 12 weeks, but 
Silbernagel et  al. [50] extended the intervention to six 
months if symptoms persisted. Stevens et al. [54] under-
took the intervention for 6 weeks. In addition, all articles 
evaluated change in pain; seven verified function/disabil-
ity [49–55]; and three, patient satisfaction with treatment 
[48, 54, 55].

Comparison and outcome measure
Five of the eight studies used the VISA-A scale to assess 
pain and symptoms [50, 51, 53–55], two used func-
tional tests (jump tests, toe-raise test, hop test, side-step 
test) [49, 50], one used isokinetic strength [52], and two 
assessed ROM [49, 50]. Only one study [53] also used 
the VISA-A to evaluate pain evolution. The other articles 
used the Visual Analogue Scale/Numerical Visual Scale 
(VAS/NVS). Most of the articles performed the evalu-
ations at the beginning and at the end of the treatment, 
with one study undertaking follow-up at 36  weeks [53], 
one at 6 months [49], and three at 1-year of follow-up 
[50, 51, 55]. Four studies showed better outcome in the 
EE treatment group [48, 49, 51, 52], one article did not 
present statistically significant differences [55]. Among 
the three articles comparing two eccentric exercises 
protocols, one study presented better results with the 
Alfredson protocol [53], and two studies did not find sta-
tistically significant differences between groups [50, 54] 
(Table 2).

Risk of bias
Figures 2 and 3 highlight the variability between the arti-
cles included and show the general score about the meth-
odological quality. Figure 2 shows the risk of bias for each 
article in each domain analysed by the program. Figure 3 
shows a general comparison between low risk, some con-
cerns and high risk in each domain.

Allocation
Regarding allocation of participants, 50% of the studies 
presented “some concerns” or “high risk” as they did not 
report details about how randomization and/or alloca-
tion to the various groups were performed [48, 49, 53, 
55]. Four articles had adequate allocation concealment, 
including central randomization methods [50–52, 54].

Blinding
No studies reported blinding of the participants, health 
care professionals who administered the treatment, and 

evaluators, presenting a low-risk score. One study did not 
present information about participants and health care 
professionals who administered the treatment [49]; the 
patients were aware of the treatment or no information 
was presented in four studies [48, 50, 53, 54]; the health 
care professionals who administered the treatment knew 
or probably knew about the treatments in six articles [48, 
50–53, 55]. All except of one of them had blind evalua-
tors [48].

Missing results data
All the articles presented the missing data reporting 
the reasons of exit from the study or exclusion from the 
intervention, being judged with low risk of bias.

Evaluation of results
Seven of the eight studies presented evaluation of appro-
priate results, with “low risk”. Only one study presented 
“some concerns” [48] for non-blinding the evaluators. 
None of the selected articles showed “high risk” of bias.

Selection of the reported result
Only two articles did not provide evidence of previous 
protocols published in study databases [49, 52], and one 
article presented only data for the intervention group 
[48]. This one study, however, did not present the statis-
tical analysis performed, being thus judged with “some 
concern”.

Overall bias
Regarding the final score of risk of bias assessment, 62.5% 
of the studies presented “some concerns”, and 37.5% pre-
sented “high risk” of bias.

Meta‑analysis
Only a meta-analysis with pain data was performed 
including a total of five studies. All of them used VAS/
NVS to measure pain, and compared the EE with another 
conservative treatment (Fig. 4). The analysis of heteroge-
neity resulted in the  I2 value of 91%, showing heteroge-
neity between the studies. A meta-analysis with  I2 higher 
than 75% should use the Random Effect Model. The 
Mean Difference (MD) found in the treatment effect was 
− 1.21 (− 2.72 to − 0.30), with 95% confidence interval, 
with a significant positive effect for the treatment of pain 
in Achilles tendinopathy with eccentric exercise, with the 
result in favour of EE compared to CG or other exercises 
in pain improvement.

Discussion
The present systematic review and meta-analysis investi-
gated the efficacy of EE in improving pain and function 
in adult patients with mid-portion Achilles tendinopathy 
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compared to other forms of exercises. The present sys-
tematic review and meta-analysis showed that EE is 
effective in improving disability and pain in AT patients. 
In the eight studies evaluating the effect of pain and 

disability of EE with another type of exercise, four pre-
sented favourable EE results for pain [48, 49, 51, 52], and 
one presented similar results between interventions [55]. 

Fig. 2 Variability of articles in relation to fundamental methodological considerations

Fig. 3 Methodological quality summary: analysis of the authors’ judgments about each item of methodological quality for each included study

Fig. 4 Meta-analysis for pain intervention with EE
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Regarding the effect on disability, two articles were in 
favour of EE [49, 51].

The Victorian Institute of Sport Assessment-Achilles 
questionnaire (VISA-A) was the most commonly used 
outcome instrument (used in five of eight investigations) 
in the studies assessing disability. This questionnaire is 
used as an outcome measure in both research studies and 
in the clinical setting, and it evaluates function, activity 
limitation or participation restriction, in addition to doc-
umenting pain and stiffness [15]. Two studies used func-
tional tests, the hop and heel-raise endurance tests being 
the most common. These tests should be used as part of 
the evaluation, are useful to assess progress during reha-
bilitation, and are often used to detect changes over time 
[15, 56]. Among the studies that evaluated pain, the vis-
ual analogue scale/numerical visual scale were the most 
commonly used (seven of eight). One study [53] used 
the VISA-A questionnaire to evaluate pain and func-
tion. Visual scale values can be used to track the pro-
gression of pain in a single patient, or to compare pain 
among patients with similar conditions [57]. While there 
is conflicting evidence regarding the advantage of EVA/
NVS compared to other pain recording methods, it is still 
commonly used in clinical and home settings [58, 59].

EEs improve muscle function, possibly through their 
favourable effects on neural impulse and other health-
related factors, and do not produce clinically relevant 
adverse effects [60–62]. EE may promote the formation 
of appropriately oriented collagen fibers in the tendon, 
which may facilitate remodelling of the tendon [63]. A 
meta-analysis [23] supports the use of EE for AT, and 
additional benefits can be produced when EE is used in 
conjunction with laser therapy.

Eccentric exercises have been tested against concen-
tric exercise; rest/wait-and-see; light training; heavy slow 
resistance; or another eccentric exercise protocol. There 
is a wide variation between the trials regarding interven-
tions, methods, times of evaluation of the results, and 
selection of the reported results.

One study investigated EE and concentric exercise. 
This study [48] found improvement in pain and function/
return to activity in both groups, with the EE producing 
significantly better results. Mafi et al. [48] suggested that 
EE produced significantly better results than concentric 
exercises because of the energy efficiency of eccentric 
exercises on the calf muscles, with comparable mus-
cle force developed at lower loads on the tendon dur-
ing movement. In addition, EE may produce changes in 
the metabolism of neural transmission in the tendon, 
inducing alterations in the perception of pain. This cor-
roborates Yu et al.’s [46] report that EE is more effective 
than concentric exercises in reducing pain, increasing 
muscle strength and endurance, and improving function. 

However, the small sample does not allow generalization 
of the results [64].

Two studies compared EE with rest/wait-and-see. 
Rompe et al. [51] verified improvement in pain and func-
tion of the EE group, which, despite not presenting a 
statistical difference, showed considerably better results 
than the control group. They report a successful outcome 
in the EE group of 50 to 60% of patients, reporting that 
eccentric training is inexpensive, although it is technique 
dependent. The wait-and-see protocol was the most con-
venient and easy intervention to implement, but also the 
least effective [51]. Horstmann et  al. [52] showed sig-
nificant improvement in the EE group compared to the 
control group, in addition to a significant reduction in 
pain on palpation of the EE group. While interventions 
improved pain two cm proximal to the insertion of the 
Achilles tendon in the calcaneus, only EE reduced pain 
at the musculotendinous junction as well. They reported 
that pain reductions following eccentric training cor-
related with reduction in neovascularization in patients 
with tendinopathy, although such changes in vasculariza-
tion were not actually observed.

As in several studies with active versus rest/wait-and-
see treatment, individuals receiving active treatment may 
have higher expectations about the effects of treatment, 
and testing different intensity exercises against a rest/
wait- and-see can lead to bias in the conclusions [65, 66].

Silbernagel et  al. [49] compared light training (eccen-
tric plus concentric) and EE, and verified improvement in 
palpation, walking and activity pain, as well as improve-
ment in functional tests and ROM for the EE group, with 
no statistically significant difference between the groups. 
The reason for improvement in the experimental group 
may be multifactorial, in addition to being explained by 
the different components of the treatment protocol used 
by the experimental group, such as the information pro-
vided, the exercise program, and the pain monitoring 
model. The authors also report that the exercise load has 
to be relatively high for better results [49]. Beyer et  al. 
[55] presented a comparison of the EE and HSR groups. 
Both interventions showed significant gains in improving 
physical activity and pain, but without statistical differ-
ence between groups: the treatments are similar to each 
other, although patient satisfaction tended to be higher 
after 12 weeks with HSR (100%) than EE (80%). This may 
explain why these two studies [49, 55] are more towards 
the right side of the forest graph. Silbernagel et  al. [49] 
further state that the experimental group had an increase 
in pain in the first weeks of treatment, and that this 
may resulted from the increased load. Both treatments 
improved symptoms and physical activity level equally 
well in patients with chronic midportion AT [55]. Eccen-
tric and concentric contractions produce similar collagen 
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expression, which may indicate that fibroblasts are simi-
larly affected. Furthermore, training with concentric 
and eccentric contractions can produce similar tendon 
changes. The authors state that they cannot answer the 
question regarding the mode of contraction, but both 
treatments promoted similar results. Kongsgaard et  al. 
[67] compared EE and HSR for patellar tendinopathy, 
with similar results between the interventions: it is pos-
sible that the combination of eccentric and concentric 
exercise may explain the advantageous effects of HSR 
[67].

Three studies compared EE with EE. The first [50] 
applied the same treatment protocol, but only one group 
was released for physical activity. Both groups presented 
improvement in pain and function during the evalua-
tions, with no statistically significant differences between 
the groups. The study demonstrated no negative effects in 
patients who continued physical activity (such as running 
and jumping) when using pain monitoring during reha-
bilitation and believe that important factors in tendon 
improvement are intensity and type of load. The under-
lying effects of exercise are not fully understood, but the 
mechanical load on the tendons seems to be important 
both in the healing process and in the increase in tendon 
strength. The second study [53] compared Alfredson’s 
and Stanish’s protocols. The former reduced pain and 
improved function to a greater extent than the latter. The 
protocol developed by Alfredson et al. [32] is a program 
of eccentric exercises to treat the AT, while the unin-
jured limb is used to return (concentrically) to the initial 
position. The protocol recommends the completion of 
180 eccentric repetitions per day, and has been widely 
adopted in research and clinical practice [32, 40]. Stanish 
et al.’s [68] protocol for the management of AT includes 
eccentric and static stretching exercises and is based on 
three principles. (1) length; (2) load; and (3) contraction 
velocity. According to the study authors [53], the proto-
col by Alfredson et  al. [32] reduced pain and improved 
function more efficiently because patients exercised both 
calf muscles (gastrocnemius and soleus) only eccentri-
cally, with more series and with more repetitions every 
day for the same treatment period [53]. In addition, the 
load of EE in the Alfredson’s protocol was increased 
according to the patients’ symptoms, and the exercises 
were performed at low speed, which is supposed to allow 
suitable tissue adaptation [53].

The third study applied only the Alfredson protocol 
[54]. One group was asked to perform 180 repetitions, 
and the other performed until tolerated. A statisti-
cally significant difference was found for improvement 
in function in each group at three weeks and for pain 
in the “do-as-tolerated” group; statistically significant 

differences between the groups in improvement of 
function were evident at week three, but by six weeks 
there was no statistical differences between the groups 
for pain and function. Regarding the outcomes, given 
the limits of the scoring systems used, the "do-as-toler-
ated" regime can equal or even exceed the standard pro-
tocol. In addition, defining a dosage may be important 
for rehabilitation, suggesting that a clinical predictor 
based on worsening symptoms may be used by patients 
who have demonstrated optimal clinical improvements. 
This may be a potential benefit to improve self-efficacy, 
which has been associated with positive results for the 
treatment of musculoskeletal conditions [54]. How-
ever, as the exercises were only performed for a period 
of 6  weeks, and the follow-up measurements in the 
medium and long term (> 6 weeks) were not presented, 
these conclusions should be interpreted with caution.

This systematic review and meta-analysis focused 
only on studies comparing EE with another type of 
exercise or control group (rest/wait-and-see). One 
of the most interesting findings lies on the favourable 
results produced by this type of exercise, suggesting 
that EE should be an integral component of AT man-
agement. Also, the rest/wait-and-see approaches do not 
provide any significant benefits when compared to EE. 
In addition, controlled tendon loading can continue 
during the intervention, though further studies are 
needed to determine which activities are beneficial, and 
their frequency and intensity are recommended.

The present review has identified several charac-
teristics that should be adopted for future clinical tri-
als. With "some concerns" and "high risk" through the 
risk of bias, new randomized clinical trials should be 
performed and adhere to the recommendations of 
CONSORT [69]. In addition, specific, valid and reli-
able outcome measures should be used [15], facilitating 
comparisons between different studies and when per-
forming systematic reviews and meta-analyses.

We are aware of the limitation of the present investi-
gation. Only one meta-analysis was performed, namely 
on pain, since it was not possible to group more than 
two studies for disability analysis. It is necessary to col-
late a larger number of studies to achieve greater statis-
tical power [70]. In addition, there is a substantial need 
for studies with larger sample size, greater details of the 
sample and the proposed interventions, as well as bet-
ter methodological modalities and a planned design. 
Another limitation would be that half of the selected 
articles presented at least some risk of bias in relation 
to randomization. Ultimately, most of the articles ana-
lysed present some concerns such as heterogeneity of 
the study population, and lack of reporting of training 
compliance data or high risk of bias.



Page 10 of 12Prudêncio et al. BMC Sports Science, Medicine and Rehabilitation            (2023) 15:9 

Conclusion
The available evidence supports the use of EE in the 
management of AT. Continuous load on the Achilles 
tendon does not adversely affect the results of pain and 
function, suggesting the possibility of practising some 
physical activities during the intervention. Some authors 
report that EE and HSR produce similar results, but more 
studies are needed to confirm this. Also, the rest/wait-
and-see approaches probably do not play a role in the 
management of AT.
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