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A B S T R A C T

This comprehensive systematic review and meta-analysis assessed the prevalence of Achilles tendinopathy (AT) in
physical exercise (PE). Specifically, we estimate the overall risk of AT in physical exercise and compare sport-
specific estimates of AT risk. PubMed, Web of Science, Cochrane Library, and SPORTDiscus were searched
before the 1st of October 2021. Random-effects, subgroup analysis, sensitivity analysis and meta-regressions were
conducted, involving 16 publications. This meta-analysis found that the overall prevalence of AT was 0.06 (95%
CI, 0.04–0.07). The prevalence of Achilles tendon rupture was 0.03 (95%CI, 0.02–0.05). Subgroup analysis
showed that the prevalence of AT increased with age, the highest among the group aged over 45 (0.08; 95%CI,
0.04–0.11), and the lowest among the group under 18 years old (0.02; 95%CI, 0.01–0.03). The gymnastics and
ball games had the highest prevalence of AT, at (0.17; 95%CI, 0.14–0.20) and (0.06; 95%CI, 0.02–0.11),
respectively. The prevalence of AT in athletes (0.06; 95%CI, 0.04–0.08) was higher than that of amateur exer-
cisers (0.04; 95%CI, 0.02–0.06) and there was no difference in the prevalence of AT between males and females.
There are differences in the prevalence of AT in different ages, sport events and characteristics of participants.
This systematic review and meta-analysis suggested that it was necessary to pay more attention to AT in people
who were older or engaged in gymnastics.
Introduction

Achilles tendinopathy (AT) is one of the most common injuries in
physical exercise (PE), especially happens to athletes who are always
engaged in long-term, continuous and high-intensity competition or
training.1 AT is a degenerative disease,2 including tendinitis, accessory
tendinitis, insertion tendinitis, retrocalcaneal bursitis and rupture,3

which is caused by the interaction of internal factors (e.g., lateral ankle
instability, obesity, lower limb strength) and external factors (e.g.,
overuse, wrong training method, unsuitable sports equipment).4 The
early symptoms of AT are mainly pain at the beginning or end of the
exercise, and without movement at an advanced stage, which greatly
affects the daily life of patients.5 AT is difficult to treat at present. Even
after surgical treatment, AT may still occur repeatedly6 and the recur-
rence rate is as high as 44%.4 Nevertheless the huge harm of AT in ex-
ercise ability, it is not easy to be diagnosed in the early stage of disease
because of its long incubation period.7 Therefore, AT has been easily
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underestimated and mishandled. Athletes with Achilles tendon rupture
usually required a long period of treatment and recovery, which can also
have a negative psychological and physiological impact on athletes.8–10

In recent years, the prevalence of AT has increased due to the increase
in the number of people participating in PE.11 A large prospective cohort
study found that the cumulative lifetime incidence of AT in male elite
runners was more than 50%.12 Ames et al.13 reported that the risk of AT
in runners was ten times higher than that in their inactive peers. A
retrospective epidemiological study found that the incidence rate of AT
in basketball athletes was 7.7%.14 In addition, an 11-year prospective
follow-up study found that the incidence of AT in male professional
football players reached 11.6%.15 Achilles tendon rupture has a devas-
tating impact on Athletes’ athletic ability. A cohort study showed that
more than 30% of professional athletes could not return to the field after
Achilles tendon rupture, and even when players do return to the game,
their appearance time and competition data were significantly worse
than before.16 Moreover, AT also affected non-professional athletes,
overweight people and inactive people, who suffered from loss of
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Fig. 1. A flowchart showing the procedure used for study selection.

Abbreviation list

AT Achilles tendinopathy
CI confidence interval
NCAA National Collegiate Athletic Association
PE physical exercise
PRISMA Preferred Reporting Items for Systematic Reviews and

Meta-Analysis
STROBE Strengthening the Reporting of Observational Studies in

Epidemiology
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substantial working hours, and indirectly reduced economic income and
quality of life.17,18

Systematic reviews on AT have mainly reviewed the treatment and
prevention of AT.2,4,8,19,20 In addition, there was only one systematic
review and meta-analysis21 on the prevalence of tendinopathy in chil-
dren and adolescents. However, the meta-analysis on the prevalence of
AT in PE has not been published. In view of this, we conducted a sys-
tematic review and meta-analysis of currently available studies which
reported the prevalence of AT in PE. The primary aim of this
meta-analysis is to estimate the overall risk of AT when participating in
PE, and to compare estimated risks of AT for different ages, genders, sport
events, characteristics of subjects, training years, and regions.

Materials and methods

Literature search

This meta-analysis was conducted in compliance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA)
guidelines.22 The relevant literature in each database that included
PubMed, Web of Science, Cochrane Library, and SPORTDiscus was
searched before October 1, 2021. The following search strategy was used:
(“Exercise” OR “Physical Exercise” OR “Exercise Therapy”) AND
(“Achilles tendinopathy” OR “Achilles tendon ruptures” OR “Achilles
tendon injury”) AND (“Prevalence” OR “Period Prevalence” OR “Point
Prevalence”) AND (“Cohort Study” OR “Incidence Study” OR “Cross
Sectional Studies”), Specific search terms are shown in Supplementary
Table 1.

Study selection

Two authors (YW and HZ) independently screened titles and ab-
stracts, and then read through the full texts to check if the studies met the
inclusion criteria. The third researcher (SC) arbitrated any discrepancies
to reach a consensus. The inclusion criteria of this study were as follows:
1) physical exercise was performed by subjects; 2) the outcomes of
concern were Achilles tendon injury or Achilles tendon disease or
Achilles tendon rupture or Achilles tendinopathy. The exclusion criteria
included 1) Achilles tendon injury was not caused by physical exercise; 2)
the specific number or prevalence of AT was not mentioned; 3) there was
no adequate data to get the target results.

Data extraction and quality assessment

Two experienced researchers (YW and HZ) independently carried out
data extraction and quality evaluation. The extracted data included the
first author's surname, publication year, study design, country, charac-
teristics of subjects, participants' age, sport events, diagnostic criteria,
number of patients with AT and total sample size. The Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE)23 was
used to evaluate the quality of the included studies.24
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Statistical analysis

Considering differences in participants and types of exercise, we
pooled estimates of the prevalence of AT using a random-effects meta-
analysis. The Cochran Q-test of heterogeneity at a significance level of
5% was applied to evaluate statistical heterogeneity of the studies, and I2

was used for quantitative assessment of heterogeneity among the results
according to the Higgins classification in which an I2 value above 75%
was indicative of high heterogeneity.25 Subgroup analysis was conducted
to find the potential source of heterogeneity according to age, gender,
sport events, the characteristics of subjects and region. The source of
heterogeneity was also tested by meta-regression analysis according to
age and type of sports. In order to assess the robustness of the research
results and evaluate the influence of each study on the overall preva-
lence, sensitivity analysis was performed via leave-one-out cross--
validation,26 using I2< 50% as the criterion. All analyses were performed
using STATA version 11.0 (Stata Corp, College Station, TX, USA), with
double data input to avoid input errors. The p < 0.05 was deemed as
statistically significant unless specified elsewhere.

Results

Flow of study selection

The flow of study selection was shown in Fig. 1. Initially, 3161 articles
were retrieved and 345 duplicate articles were removed. 2479 articles



Table 1
Characteristics of included studies in this meta-analysis (16 studies).

Study Year Design Country Subject Age
(years)

Sport event Diagnostic mode AT/
sample

Bonanno 2021 Cross
section

America current and former
collegiate gymnasts,

/ Gymnastics Information about Achilles tendon ruptures, gymnastics-
related injuries, sport specialization, event/skills
participation, and medication use were collected

100/
581

Cassel 2014 Cohort Germany Adolescent athletes 13.0 Integrated
Sports

Doppler ultrasound analysis 14/760

Cassel 2018 Cohort Germany Adolescent Elite
athletes

12.1 Integrated
Sports

Ultrasound examinations 2/157

Comin 2012 Cohort Australia Professional ballet
dancers

27.42 Ballet Ultrasound examinations 3.5/79

Emerson 2010 Cross
section

England Gymnasts 16.3 Gymnastics Ultrasound examinations 6/40

Florit 2019 Cohort Spain Athletes 26.4 Integrated
Sports

Team physicians diagnosed and classified tendinopathies
according to anatomical location, sport types, playing
category, sex, playing surface, lost training time, and severity
(time to return to play)

110/
3839

Ganse 2014 Cohort Germany European Veteran
Athletics

53.2 Athletics Report forms were used to identify injured athletes and injury
types

15/
3154

Gajhede-
Knudsen

2013 Cohort Sweden Football players
(man)

/ Football Achilles tendon disorders were registered 203/
1743

Hespanhol
Junior

2012 Cross
section

Brazil Recreational
runners

43.0 Running Previous injuries history over the last 12 months 8/200

Hunt 2016 Cross
section

America College Athletes / Athletics Evaluated the injury records of all varsity sports at a single
NCAA Division 1 athletics program

17/
1076

Lagas 2019 Cohort Netherlands Recreational
runners

41.9 Running The digital baseline questionnaire obtained at registration
consisted of demographics, training characteristics, previous
participation in events, lifestyle and previous running-related
injuries

100/
1929

Longo 2009 Cross
section

Italy European Veterans
Athletics

54.1 Athletics A fully trained orthopaedic surgeon made a diagnosis of
Achilles tendinopathy according to clinicalcriteria

85/178

Nielsen 2014 Cohort Denmark Novice Runners / Running All injured runners were diagnosed after a thorough clinical
examination and then followed prospectively during their
recovery

18/933

Ooi 2015 Cohort Australia Football athletes 22.6 Football Using ultrasound and sonoelastography, 42 players were
examined at baseline and again 9 months later (postseason)
for the existence of intratendinous hypoechogenicity

6/42

Van Ginckel 2009 Cohort Belgium Novice runners / Running AT was diagnosed as an insidious, gradual onset of mid-
portion pain, palpated tenderness along the tendon, (morning)
stiffness, tenderness and pain on exertion Structures in the
differential diagnosis

10/129

Walls 2010 Cohort Ireland Professional Irish
dancers

25.8 Dance Magnetic resonance imaging 14/18

Abbreviations: AT, Achilles tendinopathy; NCAA, National Collegiate Athletic Association.

Table 2
Quality scores for assessing the risk of bias in the included articles.

Study Quality score

Sample population Sample size Participation Outcome assessment Analytical methods Total score

Bonanno, 2021 1 1 1 1 2 6
Cassel, 2014 1 1 2 2 2 8
Cassel, 2018 2 1 2 2 2 9
Comin, 2012 1 1 2 2 2 8
Emerson, 2010 1 2 2 2 2 9
Florit, 2019 1 1 2 2 2 8
Gajhede-Knudsen, 2013 1 1 2 2 2 8
Ganse, 2014 1 1 2 2 2 8
Hespanhol Junior, 2012 1 1 2 1 2 7
Hunt, 2016 2 2 2 2 2 10
Lagas, 2019 1 1 1 1 2 6
Longo, 2009 1 1 2 1 2 7
Nielsen, 2014 1 1 2 1 2 7
Ooi, 2015 1 1 2 2 2 8
Van Ginckel, 2009 1 1 2 2 2 8
Walls, 2010 1 1 2 2 2 8
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were screened out by title and abstract, 278 articles were eliminated
because of inappropriate design, and 43 articles were eliminated due to
inconsistent outcome indicators. Therefore, 16 studies14,15,27–40 were
eventually included in the final meta-analysis (see Table 1).
154
Qualities of included studies

The detailed quality assessments are presented in Table 2. The quality
score of all the included articles varied from 6 to 9. According to the



Table 3
Results of subgroup analysis and publication bias stratified by study
characteristics.

Variables Trials (n) Prevalence (95%CI) Heterogeneity

I2 (%) p2

Overall
Achilles tendinopathy 23 0.06 (0.04–0.07) 96.8 <0.001
Achilles tendon rupture 3 0.03(0.02–0.05) 98.2 <0.001
Age
＜＜18 5 0.02 (0.00–0.03) 37.2 0.173
18–45 9 0.05 (0.03–0.07) 91.5 <0.001
≥45 3 0.08 (0.04–0.11) 98.5 <0.001
Gender
Men 9 0.05 (0.03–0.07) 97.7 <0.001
Women 8 0.05 (0.03–0.08) 95.6 <0.001
Mixed 6 0.09 (0.05–0.14) 96.7 <0.001
Sport events
Athletics 5 0.04 (0.02–0.06) 97.7 <0.001
Gymnastics 3 0.17 (0.14–0.20) 0 0.822
Balls 4 0.06 (0.02–0.11) 97.7 <0.001
Run 5 0.04 (0.02–0.06) 87.1 <0.001
Others 6 0.06 (0.02–0.11) 92.1 <0.001
Characteristics
Athletes 18 0.06 (0.04–0.08) 97.2 <0.001
Amateur exercisers 5 0.04 (0.02–0.06) 87.1 <0.001
Training years
＜＜5 4 0.02 (0.00–0.04) 51.7 0.102
≥5 2 0.08 (0.00–0.15) 95.7 <0.001
Region
Oceania 2 0.08 (�0.01 to 0.18) 64.5 0.093
Europe 17 0.06 (0.04–0.07) 97.2 <0.001
America 4 0.06 (0.01–0.10) 96.9 <0.001

CI, confidence interval; p1value for prevalence; p2 value for heterogeneity in the
subgroup; significant p-values are highlighted in bold prints.
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STROBE scale, the quality of 6.25% studies were 10 scores, 12.5% studies
were 9 scores, 50% studies were 8 scores, 18.75% studies were 7 scores
and 12.5% studies were 6 scores (see Table 3).
Fig. 2. Forest plot of the pooled prevalence of Achilles tendinopathy from 1
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Characteristics of included studies

The final sample consisted of 14858 participants, with the mean age
ranging from 12.1 to 54.1 years. All included articles were published
from 2009 to 2021, nine of which were published after 2014 years, 11 of
which were cohort studies. Different events of sports were involved,
including track and field, running, gymnastics, ball games and dance.
Moreover, 11 of the 16 articles (68.75%) were conducted in the region of
the European, 2 of the 16 articles (11.80%) were conducted in the
Oceania region and 3 of the 16 articles (17.60%) were conducted in the
American region.
Pooled prevalence of Achilles tendinopathy

The results of overall meta-analyses were given in Table 2. The meta-
analysis using the random-effect model found that the overall prevalence
of AT was 0.06 (95%CI, 0.04–0.07). According to the results of I2 and χ2

test, there was a high degree of heterogeneity in the primary meta-
analysis (I2 ¼ 96.8%; p < 0.001) (Fig. 2). The prevalence of Achilles
tendon rupture was 0.03 (95%CI, 0.02–0.05) with a high heterogeneity
between studies, as shown in Fig. 3.
Stratified prevalence of Achilles tendinopathy

Subgroup analysis was conducted according to the subjects’ age,
gender, sport events, characteristics and region. The results of subgroup
analyses were given in Table 2. From the age point of view, the preva-
lence of AT increased with age. As shown in Fig. 4A, the prevalence of AT
under the age of 18 was 0.02 (95%CI, 0.00–0.03), the prevalence of AT
from 18 to 45 was 0.05 (95%CI, 0.03–0.07), and the prevalence of AT
over the age of 45 was 0.08 (95%CI, 0.04–0.11). In terms of gender, there
was no difference in prevalence between males and females (Fig. 4B).
From the perspective of sports events, the two sports with the highest
prevalence of AT were gymnastics and ball games, at (0.17; 95%CI,
0.14–0.20) and (0.06; 95%CI, 0.02–0.11), respectively. The lowest
prevalence occurred in athletics and running, both were 0.04 (95%CI,
6 studies (random effects model). ID, identity; CI, confidence interval.



Fig. 3. Forest plot of the pooled prevalence of Achilles tendon rupture from 3 studies (random effects model). ID, identity; CI, confidence interval.

Fig. 4. The subgroup analysis of the prevalence of Achilles tendinopathy stratified by age (A), gender (B), sport events (C) and characteristics (D). ID, identity; CI,
confidence interval.
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Fig. 5. Sensitivity analysis of the prevalence of Achilles tendinopathy by leave-
one-out cross validation.
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0.02–0.06) (Fig. 4C). From the perspective of characteristics of subjects,
the prevalence of AT in athletes (0.06; 95%CI, 0.04–0.08) was higher
than that of amateur exercisers (0.04; 95%CI, 0.02–0.06) (Fig. 4D). In
terms of training years, the prevalence of AT with training years less than
5 years (0.02; 95%CI, 0.00–0.04) was far lower than those with training
years more than 5 years (0.08; 95%CI, 0.00–0.15). Looking at the region
distribution, the prevalence in Oceania (0.08; 95%CI, �0.01-0.18) was
higher than that in Europe (0.06; 95%CI, 0.04–0.07) and America (0.06;
95%CI, 0.01–0.10).
Meta-regression analysis

Two variables (age and sport events) were first assessed in uni-
variable meta-regression analyses, so as to find the source of heteroge-
neity. The results of univariable meta-regression analyses demonstrated
that sport events and age were not correlated with the prevalence of AT.
Sensitivity analysis

In order to further examine the source of heterogeneities and the
robustness of the results, we performed leave-one-out cross-validation for
sensitivity analysis. As shown in Fig. 5, the results of leave-one-out cross-
Fig. 6. Forest plot of the pooled prevalence of Achilles tendinopath

157
validation suggested that 9 studies mainly contributed to the heteroge-
neity in the primary meta-analysis (I2 ¼ 52.5%). After excluding 9
studies, the prevalence of AT was 0.06 (95%CI, 0.04–0.08, p ¼ 0.083, I2

¼ 44.3%) (Fig. 6).

Discussion

This is the first meta-analysis to estimate the pooled prevalence of AT
in PE, based on 16 observational studies. Our study mainly found that the
total prevalence of AT in PE was 6%, and the prevalence of Achilles
tendon rupture was 3%. Subgroup analysis showed that the top two sport
events with the highest prevalence of AT were gymnastics and ball
games, the prevalence of AT was the highest in people aged over 45
years, reaching 8%, and the lowest in people younger than 18, only 2%.
The prevalence of AT of athletes was higher than that of amateur exer-
cisers. The prevalence of AT in Oceania is higher than that in Europe and
America. There was no significant difference in the prevalence of AT
between genders.

Our result showed that the incidence of Achilles tendon rupture in PE
was 3%, but only three articles mentioned the number of Achilles tendon
rupture in three sports, including athletics, football, and gymnastics, and
the number of Achilles tendon rupture reported in gymnastics was much
higher than that in athletics and football, which might increase the
overall prevalence of Achilles tendon rupture. Our results showed that
the prevalence of AT in people was increased with age. At present, the
specific relationship between the prevalence of AT and age remains un-
clear, and AT did exist at any age.1 Our results were consistent with a
previous systematic review and meta-analysis which showed that AT
existed in adolescents, and the prevalence of AT would increase with
age.41 At present, the prevalence of Achilles tendon rupture in PE is not
clear, a study showed that the incidence of Achilles tendon rupture was
higher in sedentary men aged 29–48.42 It was speculated that the rela-
tionship between AT and age may be due to the changes of mechanical
properties of Achilles tendon with age.43 Recently, Sprague et al.44 found
that there was a positive correlation between age and viscosity of unin-
jured Achilles tendon. Aging was usually associated with reduced cellular
structure, increased glycoamine polysaccharide content, and decreased
fibrous tissue,45,46 all of which can lead to degenerative changes in the
Achilles tendon. At the same time, the aging tendon loses elasticity,
forcing the muscle to work harder, eventually leading to changes in
tendon structure.
y after excluding 9 studies. ID, identity; CI, confidence interval.
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Our present meta-analysis found that there was no significant dif-
ference in the incidence of AT between genders. Contrary to our findings,
previous reviews have shown significant gender differences in AT prev-
alence, with higher rates in men than in women.41,47,48 Although
inconclusive, most current findings support a higher susceptibility of men
to AT.49–51 However, the common flaw in these findings is that the
impact factors such as physical activity and weight are not standardized,
which may confuse the real impact of gender.

Consistent with the previous study, we found that the prevalence of
AT in gymnastics was significantly higher than in other sports.52 This
may be related to the high training intensity of gymnasts and the heavy
load on Achilles tendon. Some reviews showed that the prevalence of
Achilles tendon injury in running and track and field sports is the highest.
However, our results showed that the prevalence of AT in track and field
and running is the lowest. Compared with the previous review, we found
that the samples included in gymnastics were elite athletes, and an
epidemiological study found that the incidence of AT in gymnasts was
much higher than that in basketball athletes.49 Subgroup analysis
showed that the prevalence of AT in ball games was 6%. Ball games
generally require athletes to make a rapid judgment according to the
competition form in a short time, such as repeated bounce, dribble pass,
back and forth quick start and other technical actions with a large load on
the Achilles tendon. These technical actions need the support of the
Achilles tendon, which also lays a huge hidden danger for its injury.53,54

Our study found that athletes had a higher prevalence of AT because
they had to play a lot of games each season, and even during the off-
season, they still needed the training to maintain their competitive
levels.14 Furthermore, AT in some professional athletes was asymptom-
atic and might be inaccurate in clinical diagnosis.20,52 And it took an
average of more than 7.5 months for a professional player to recover from
a torn Achilles tendon before returning to play for the first time.55 Our
results showed that the prevalence of AT in Oceania was higher than that
in European and American countries. The specific reason was not clear. It
may be related to the exercise habits and economic development level of
different countries.

This study also has many limitations. First, significant heterogeneity
was found in the overall assessment of the prevalence of AT from 16
included studies. This heterogeneity was consistent with our expecta-
tions. The differences in duration and intensity of various sports and
individual characteristics of participants might lead to the high hetero-
geneity between studies. Secondly, age could be regarded as an impor-
tant source of heterogeneity, and only 3 included studies were older than
45 years old, which might reduce the credibility of the results of sub-
group analysis. In addition, only three articles reported the number of
Achilles tendon ruptures, thus the relationship between age and Achilles
tendon rupture could not be further analyzed. Only four articles
described the frequency of PE, and the statistical units were inconsistent.
Finally, although the sample size included in the study was considerable,
most articles did not mention the weekly training frequency and training
details of athletes, and the number of studies available for each sport was
limited, thus we could not fully explore the source of heterogeneity in
this meta-analysis.

Conclusions

In conclusion, this systematic review and meta-analysis provide
valuable insights into the prevalence of Achilles tendinopathy during
exercise, which can be used as a reference risk for AT in specific sports at
present, and can be used to compare the prevalence of AT in sports of
different populations and types of sports. Our study suggests that it is
necessary to pay more attention on AT in the people who are older or
engaged in gymnastics.
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