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Introduction
The Achilles tendon is formed from the combination of the distal tendinous portions of 
the gastrocnemius and soleus muscles, and inserts into the distal-posterior aspect of the 
calcaneus (O’Brien, 2005). Despite being the thickest tendon in the body, with a high tensile 
strength, rupture of the Achilles tendon is among the most common and debilitating sports 
injuries. Although it varies between sports, the prevalence of Achilles tendon rupture is 
approximately 18 per 100 000 in the general population, with around 4500 patients seeking 
medical attention for this injury each year in the UK (Boyd et al, 2015; Uquillas et al, 2015). 
The incidence of Achilles tendon rupture is increasing because of the ageing population 
(Egger and Berkowitz, 2017). In both elite and recreational sport, injuries occur during 
training or competition, with the majority occurring in middle-aged males during running 
or jumping motions (Lemme et al, 2018).

Acute Achilles tendon rupture most often occurs in the midportion, 2–6 cm proximal to 
the calcaneal insertion point (Tarantino et al, 2020). Patients sometimes describe a popping 
sensation at the moment of rupture, as if they had been kicked on the back of the leg. It is 
usually possible to walk after rupture, but raising the heel off the floor on the affected side 
may no longer be possible after complete tendon disruption. Rupture is usually caused 
by either a single high-load impact through the ankle in a dorsiflexed position or, more 
commonly in sporting contexts, an acceleration–deceleration mechanism (Tarantino et al, 
2020). Histology may indicate preceding degenerative changes in the tendon, such as 
increased vascularity, collagen disorganisation and hypercellularity, which reduce its tensile 
strength and thus increase the likelihood of rupture (Tarantino et al, 2020).

Diagnosis is typically made by clinical examinations via palpation for a gap in the tendon 
and the Simmonds–Thompson squeeze test. Plain film X-rays can be used to exclude 
fracture, while ultrasound scanning can differentiate between complete and partial Achilles 
tendon rupture. A magnetic resonance imaging scan of the ankle joint may be indicated in 
chronic injuries such as Achilles tendonitis (Baldwin et al, 2016). Achilles tendon rupture 
can either be managed conservatively or surgically. Despite many studies comparing the 
efficacy of each approach, it remains a contentious topic (Zhang et al, 2015; Ochen et al, 
2019). A key metric for elite athletes after Achilles tendon rupture is the time taken to 
recover and return to training and competition for their respective sports, commonly referred 
to as ‘return to sport’. Return to sport can be defined as the time taken from the start of 
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Achilles tendon rupture is among the most common sports injuries. In patients with 
high functional demands, surgical repair is preferred to facilitate early return to sporting 
function. This article reviews the literature and provides evidence-based guidance for 
return to sport after operative management of Achilles tendon rupture. A search was 
performed using PubMed, Embase and Cochrane Library for all studies reporting on 
return to sport after operative management of Achilles tendon rupture. The review 
included 24 studies reporting on 947 patients, and found that 65–100% of patients were 
able to return to sport between 3 and 13.4 months post-injury, with incidence of rupture 
recurrence 0–5.74%. These findings will help patients and healthcare professionals 
plan a recovery timeline, discuss athletic functionality post-recovery, and understand 
complications of repair and risk of tendon re-rupture.
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an intervention, surgical or otherwise, for the player to regain sufficient functionality to 
partake in their sport once more. The terms ‘return to sport’, ‘return to play’, ‘return to 
training’ and ‘return to competition’ are used almost interchangeably between different 
articles; this article uses ‘return to sport’ as an umbrella term.

For recreational athletes, time taken to return to sport can be considered a proxy for 
return to baseline ankle functionality and repair satisfaction. Previously, surgical treatment 
was favoured for patients with high functional demands, because of the lower reported risk 
of re-rupture (Ochen et al, 2019). However, there is a paucity of evidence on how surgery 
for Achilles tendon rupture impacts the likelihood of, and time taken to, return to sport.

This article reviews the literature, provides evidence-based guidance for return to sport 
after operative management of Achilles tendon rupture and discusses factors that may 
impact the time taken.

Methods
The Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) 
Checklist was used for reporting the results (Page et al, 2021).

Outcome measures
The primary outcome measures were time taken to return to sport after acute Achilles 
tendon rupture and surgical repair, and percentage of patients returning to sport. Secondary 
outcome measures included percentage risk of complications, incidence of re-rupture and 
patient satisfaction.

Inclusion criteria
Randomised controlled trials, prospective and retrospective comparative studies, cohort, case-
control studies, case series and case reports reporting time taken to return to sport after surgical 
Achilles tendon repair after acute rupture were included. Studies were not limited by year 
of publication. Recreational and elite athletes from all sporting backgrounds were included.

Exclusion criteria
Studies investigating return to sport after surgery for chronic Achilles tendinopathy and those 
from which raw data on return to sport could not be extracted were excluded. Published 
protocols, conference papers and unpublished papers were all excluded, as were studies 
not published in English. Articles discussing animal or laboratory studies, bilateral Achilles 
tendon ruptures and tendon re-rupture were also excluded.

Search methods
PubMed, Embase and Cochrane Library were searched in August 2021 using the search 
terms ((‘Achilles Tendon/Injuries’ [Mesh] OR ‘Achilles Tendon/Surgery’ [Mesh] OR 
‘Achilles Tendon/Therapy’ [Mesh] OR ‘Achilles Tendon/Transplantation’ [Mesh] OR 
achilles rupture OR achilles repair)) AND ((‘Return to Sport’ OR ‘Return to Play’ OR 
‘Sport’ OR ‘Athletes’)). Reference lists of previously published articles were also scanned.

Data collection
Title screening was initially performed, followed by abstract screening. Full texts were then 
assessed. Duplicates and studies not meeting the inclusion/exclusion criteria were removed 
at each step. Study selection was performed independently by two authors.

The following data were then recorded into a spreadsheet from the remaining studies: 
author, year of publication, study type, patient age, sex, sport, mechanism of injury, method 
of diagnosis, method of repair, rehabilitation regimen, postoperative patient satisfaction, 
patient-reported outcome measures, postoperative range of movement and strength, time 
taken to return to sport, proportion of athletes that returned to sport, complication rate and 
tendon re-rupture rate. Two authors independently extracted data.

Risk of bias was assessed using the ROBINS-I tool for observational studies and ROB-2 tool 
for randomised trials (Sterne et al, 2016, 2019). Two authors assessed each study independently 
and the final scores were reached, discussing and reaching a consensus on disagreements.
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Results
Search results and description of studies
The preliminary search identified 815 studies for review; 152 abstracts were screened 
followed by 39 full texts, and 24 studies were deemed eligible for this review. No additional 
studies were identified from reference lists. The PRISMA flow diagram is shown in Figure 1.

Six of the studies included in this review were case reports or case series (Uchiyama 
et al, 2007; Byrne et al, 2017; Fanchini et al, 2018; Rungprai and Phisitkul, 2018; Hagen 
and Pandya, 2019; Morimoto et al, 2021), one was a case-control study (Sánchez et al, 
2007), one was an observational cross-sectional study (Jallageas et al, 2013), four were 
prospective cohort studies (Kakiuchi, 1995; Jennings et al, 2004; Lansdaal et al, 2007; 
Saxena et al, 2021), ten were retrospective cohort studies (Gajhede-Knudsen et al, 2013; 
McCullough et al, 2014; Jack et al, 2017; Schipper et al, 2018; Grassi et al, 2020; 2022; 
Khalil et al, 2020; Siu et al, 2020; Chauhan et al, 2021; Tramer et al, 2021), one was a 
retrospective comparative study (Zayni, 2017) and one was a randomised controlled trial 
(Makulavičius et al, 2020).

Studies were published between 1995 and 2021, including 947 patients and covering 
basketball, soccer, American football, volleyball, racket sports, running, aerobics, bobsled, 
handball, rugby, Japanese fencing, martial arts, swimming and gymnastics. Eighteen studies 
included only elite athletes (Lansdaal et al, 2007; Sánchez et al, 2007; Gajhede-Knudsen 
et al, 2013; Jallageas et al, 2013; McCullough et al, 2014; Byrne et al, 2017; Jack et al, 
2017; Fanchini et al, 2018; Rungprai and Phisitkul, 2018; Schipper et al, 2018; Hagen and 
Pandya, 2019; Grassi et al, 2020; 2022; Khalil et al, 2020; Siu et al, 2020; Chauhan et al, 
2021; Morimoto et al, 2021; Tramer et al, 2021), and five included only non-elite athletes 
(Kakiuchi, 1995; Jennings et al, 2004; Zayni, 2017; Makulavičius et al, 2020; Saxena et al, 
2021). The case series by Uchiyama et al (2007) included both elite and non-elite athletes. 
Many studies did not mention the methods of repair, and for those that did, surgical repair 
methods included both minimally invasive approaches or percutaneous and open repair. 
Appendix 1 outlines the complete study characteristics.

Return to sport
The mean time to return to sport ranged from 3 months (Morimoto et al, 2021) to 13.4 months 
(Schipper et al, 2018), and the proportion of athletes that return to sport ranged from 65% 
to 100%. The shortest time for return to sport (3 months) was a case report of a single 

Records identified through database search (n=815)

Total records from database search (n=808)

Records included after title screening (n=152)

Records included after abstract screening (n=39)

Records excluded with reasons (n=113; not 
relevant, no data on return to play, no data 

on time, review article)

Articles excluded after reading full-text 
with reasons (n=15; seven with no data on 
time, four with no data on return to sport, 
one review, three not reporting on acute 

Achilles rupture)

Duplicate articles removed (n=7)

Studies included after reading full text for eligibility (n=24)

Figure 1. PRISMA flowchart detailing the results from the searches conducted across the databases of PubMed, Embase 
and Cochrane.
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basketball player (Morimoto et al, 2021) who received an injection of freeze-dried platelet-
derived factor concentrate 4 weeks post-surgery. No other studies used these injections. 
The patient had early rehabilitation and physiotherapy starting day 1 post-surgery. The 
longest time for return to sport (13.4 months) was in a retrospective cohort study of 12 
American footballers (Schipper et al, 2018). Participants remained non-weight bearing 
for 4 weeks, then were put in a tall controlled ankle motion boot before transitioning to a 
regular shoe by 8–10 weeks.

Secondary outcome measures
Postoperative complications were reported in 16 studies including 594 patients (Appendix 
1). Of 89 patients reporting complications (15%), the most common was sural nerve injury. 
Other complications included wound infections, wound dehiscence, keloid, suture reactions, 
sterile tendon necrosis and non-Achilles complications such as venous thromboembolism.

Re-rupture rates were reported in 16 studies, including 814 participants (Appendix 
1). The incidence of re-rupture was 1%. The study reporting the highest re-rupture rate 
(5.74%) was an randomised controlled trial of 87 individuals divided into two groups. The 
first group underwent repair through an open ‘crown’ procedure, while the second group 
underwent percutaneous Bunnell-type repair. Time to return to sport was quicker for the 
first group (190.91 days vs 217.3 days, P=0.457) (Makulavičius et al, 2020).

Only two studies reported patient satisfaction. In a prospective cohort study by Lansdaal 
et al (2007), 92% were satisfied with their postoperative result, while the mean visual 
analogue scale was 9.85 in a randomised controlled trial by Makulavičius et al (2020).

Risk of bias
Risk of bias was assessed using ROBINS-I tool for observational studies and ROB-II tool 
for the randomised controlled trial. Overall risk of bias was deemed low in one study, 
moderate in 16 studies and serious in six studies. The randomised controlled trial by 
Makulavičius et al (2020) was felt to have ‘some concerns’ about bias. Appendix 2 shows 
the full risk of bias assessment.

Discussion
Injuries to the Achilles tendon complex are among the most common injuries sustained 
during sporting activity and are associated with prolonged rehabilitation and highly 
variable rates of return to preinjury level of activity. In patients with high functional 
demands, there remains a preference to treat this injury surgically to facilitate early return 
to sporting function.

Risk factors for Achilles tendon rupture include intrinsic and extrinsic factors. Intrinsic 
factors relate to the anatomical characteristics of the athlete and the biomechanics of the 
sport. Subtalar hyperpronation, excessive rearfoot and forefoot varus, musculotendinous 
inflexibility and leg length discrepancies can all lead to imbalances in force distribution 
within the Achilles tendon, increasing the likelihood of rupture. Extrinsic factors include 
errors in training technique and excessive intensity (failure to allow sufficient time for tendon 
recovery). Fluoroquinolone antibiotics and corticosteroids have also been linked to delayed 
repair times for the Achilles tendon, increasing the likelihood of rupture (Hess, 2010).

Time for return to sport
The range of time taken to return to sport was 3–13.4 months (Schipper et al, 2018; Morimoto 
et al, 2021), which is a considerable variation. One explanation for this is the differing 
demographics of the study populations. Being a non-elite athlete seemed to decrease the 
time taken to return to sport. Five studies included non-elite athletes (Kakiuchi, 1995; 
Jennings et al, 2004; Zayni, 2017; Makulavičius et al, 2020; Saxena et al, 2021), with 
the remainder focusing on elite athletes. Of those five, the range for return to sport was 
4–8.2 months, indicating a skew to the lower half of the overall range found.

The age of the athletes also impacted the time taken to return to sport. Khalil et al (2020), 
Siu et al (2020), Tramer et al (2021) and Schipper et al (2018) reported the longest times 
taken to return to sport: 10.1, 11.2, 12.5 and 13.4 months respectively. However, they all 
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included younger patients with a mean age close to 28 years old, which is on the younger 
end of the scale of the studies included in this review (the median age being 29.8 years). 
Studies reporting data from older athletes, such as Fanchini et al (2018), Jack et al (2017) 
and Jennings et al (2004), reported shorter return to sport times of 4, 5.1 and 4 months 
respectively, the reasons for which are difficult to determine. One explanation may be that 
older athletes function at a lower baseline of what is considered a return to sport, whereas 
younger athletes are more likely to be professionals who require much more rigorous 
recovery of their Achilles tendon to be fit enough to play once more, as they place much 
greater strain on their tendon than older athletes. Despite the vast range of time for return 
to sport, the authors conclude that, with currently available approaches to Achilles tendon 
repair, most athletes with acute rupture will return to sport within 1 year – only one study 
reported an average return to sport time of greater than 12 months (Schipper et al, 2018). 
For those that do return to sport, the rate of re-rupture is low – the highest reported rate 
being 5.74% (Makulavičius et al, 2020), with a number of studies reporting a 0% re-rupture 
rate (albeit with varying follow-up times) (Appendix 1).

Finally, there is a trend of return to sport for basketball athletes taking longer than for 
other sports; Khalil et al (2020); Siu et al (2020), Tramer et al (2021) and Chauhan et al 
(2021) report return to sport times of 10.1, 11.2, 12.5 and 10.4 months respectively. This is 
markedly higher than for athletes from other sporting backgrounds, indicating that there may 
be an underlying factor relating to the biomechanics of basketball that impedes recovery.

Rate of return to sport
Return to sport will be achieved by most athletes, with between 65 and 100% of the athletes 
assessed returning to their respective sports and multiple studies showing a 100% rate 
of return to sport (Appendix 1). The lowest rate of return to sport was in a prospective 
cohort study of 188 unspecified non-elite sports people – 103 received percutaneous repair 
while 85 had open repair and the combined return to sport rate was 65.5%. There was no 
difference in return to sport between the groups. Mean participant age was the highest 
of all included studies reporting return to sport rates (males 42.5 +/- 12.7 years, females 
41.7 +/- 11.4 years). This may suggest that age is a significant factor in determining rate 
of return to sport after surgical Achilles tendon rupture.

Complications
Although rates of surgery-related complications (ie complications other than re-rupture) 
varied in terms of both reporting and occurrence, generally the rate of complications was 
low and the severity usually minor (wound infection, delayed healing, wound dehiscence). 
Five studies reported no further complications following surgery (McCullough et al, 2014; 
Byrne et al, 2017; Fanchini et al, 2018; Hagen and Pandya, 2019; Morimoto et al, 2021) and 
11 studies reported one or more complications. Sural nerve injury was the most reported – 
the sural nerve crosses the lateral border of the Achilles tendon at a number of locations, 
making it especially vulnerable to damage during percutaneous repair (Fletcher, 2001). This 
is reflected in these studies: Lansdaal et al (2007), Makulavičius et al (2020) and Jallageas 
et al (2013) all reported sural nerve injuries specifically from methods of percutaneous 
repair. Sural nerve hypothesia or paraesthesia has a greater impact on the quality of life 
of professional athletes and, by extension, their satisfaction with surgical repair, as it may 
impede their future performance. Deep vein thrombosis is another major complication, 
reported in three cases of percutaneous repair and three of open repair (Jallageas et al, 2013; 
Makulavičius et al, 2020; Saxena et al, 2021). There was little indication of increased risk 
with either approach; having only six cases in 860 reported patients demonstrates a low 
overall risk of developing deep vein thrombosis.

There are limitations to the findings of this systematic review. A high proportion of studies 
have a high risk of bias, and the review includes multiple retrospective observational studies, 
case series and case reports. This review also did not control for the level of activity that the 
athlete returned to when they were deemed to have returned to sport. This is demonstrated 
in the differing descriptions of the endpoint of return to sport, discussing a return to play, 
a return to training, or a return to competition. Last, the review reports only on absolute 
return to sport and does not consider player performance following return to sport.
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Comparison with non-surgical approaches
As mentioned, the comparative benefit of surgical and non-surgical approaches to Achilles 
tendon rupture is not clear. The conclusions of these articles vary between claims of one 
approach being superior or there being no difference. There is consensus that there is no 
statistically significant functional benefit for patients from surgical approaches (Keating 
and Will, 2011; Olsson et al, 2013; Reda et al, 2020). Few articles directly compared 
differences in time taken to return to sport – Keating and Will (2011) found no significant 
difference – surgical patients had a mean of 34 weeks, compared to 35 weeks for the non-
surgical cohort. The main differentiator between surgical and non-surgical approaches is 
the re-rupture rate, with Keating and Will (2011), Olsson et al (2013), Cukelj et al (2015) 
and Reda et al (2020) reporting a lower re-rupture rate with surgical management. As 
such, despite there being no functional benefit to be gained, a surgical approach may 
still be the best option for athletes as it minimises the risk of future injury. Rehabilitation 
protocols have not been covered, but these could be a significant factor influencing the 
rate of return to sport.

Conclusions
Achilles tendon rupture is a potentially career-ending injury for sportspeople. This systematic 
review demonstrates that 65–100% of athletes can expect return to sport to be an eventuality, 
with the exact time taken to return to sport likely to depend on numerous factors around 
surgical approach and postoperative management, as well as the age at injury, sporting 
proficiency and the sport itself. Time to return to sport ranges from 3–13.4 months post-
injury, and further work is required to assess the statistical significance of each factor. 
Reported rates of re-rupture are low (0–5.74%), providing reassurance about the reliability 
of repair. These findings will guide clinicians as they work with patients in planning for 
return to sport. The best approach to repair following Achilles tendon rupture is still 
unclear, but current surgical methods offer favourable absolute outcome data for both 
recreational and elite athletes. Future investigation of discrepancies in results for elite and 
non-elite athletes may help to clarify which factors (such as better nutrition, intensity of 
rehabilitation, quality of rehabilitation programme) contribute to the large range of return 
to sport times reported in this article.

Author details

1Department of Medicine, King’s College London, London, UK

2Department of Plastic Surgery, Royal Free NHS Trust, London, UK

3Department of Surgery and Cancer, Imperial College London, London, UK

4Department of Trauma and Orthopaedic Surgery, University College Hospital, London, UK

Conflicts of interest
The authors declare that there are no conflicts of interest.

Key points
	■ The mean time to return to sport ranged from 3 months to 13.4 months.

	■ The percentage of athletes that made a return to sport ranged from 65% to 100%.

	■ Reasons behind these variations appear to include participant age, level of sporting 
activity (elite vs non-elite athletes) and surgical approach.

	■ Rates of re-rupture are low, providing reassurance in the reliability of repair.

	■ Similarly, complication rates are low, with the most reported complication being sural 
nerve injury.
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