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ABSTRACT

Background: Achilles tendon rupture (ATR) patients exhibit major functional deficit and 
health-related impairments. 

Purpose: The aim of this study was to provide insight into the recovery after ATR, with a 
focus on both functional and patient-reported outcomes in terms of physical functioning 
and participation in sport and work. Secondarily, this study aimed to investigate predictive 
factors for return to full participation in sport.

Study design: Prospective multicenter cohort study

Methods: ATR patients were invited for follow-up at 3, 6 and 12 months post-injury. 
Functional outcome was assessed by evaluation of tendon length (resting tendon 
plantarflexion), endurance (single-leg heel-rise test) and jumping performance (single leg 
hop for distance). Additionally, patients completed a set of patient-reported outcome 
measures concerning physical functioning (Dutch version of the Achilles tendon Total 
Rupture Score (ATRS-NL)), quality of life (EuroQol-5D-5L (EQ-5D-5L)), sport participation 
(Oslo Sport Trauma Research Centre (OSTRC) overuse injury questionnaire), and work 
absenteeism (productivity cost questionnaire). Generalized estimating equation analyses 
were performed to determine the change in outcome over time. Regression analyses were 
performed to determine factors predictive of return to full sport participation (OSTRC 
severity score: 0). 

Results: A total of 50 patients were included in this study. Compared with the contralateral 
side, there were significant functional deficits on the injured side at each individual follow-
up measurement with patients showing a mean difference of 11.2 centimeters (p < 0.001) 
on the single leg hop for distance at 12 months. Heel-rise count improved 7.8 repetitions 
(p < 0.001) at T2 compared to T1 and 8.0 repetitions at T3 (p < 0.001) compared to T2 
for the injured side. ATRS-NL, EQ-5D-5L and OSTRC scores improved during follow-
up (p < 0.05) and at final follow-up, patients reported mean scores of 19.6 (standard 
deviation (SD): 18.2), 0.92 (SD: 0.09) and 18.0 (SD: 25.7) respectively. Work absenteeism 
was reported up to 12 months post injury and the majority had not returned to full sport 
participation. Resting tendon plantarflexion and OSTRC severity score at 3 months were 
significant (p = 0.03 and p = 0.05 respectively) independent predictors for return to full 
sport participation.

Conclusion: ATR patients exhibit major limitations in tendon function and sport and work 
participation persisting up to 12 months after injury. Despite these limitations, patients 
report functional improvement and acceptable health-related quality of life. Clinicians 
should be cautious of early tendon elongation to identify patients at risk of poor return to 
sport participation. 
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INTRODUCTION

Achilles tendon rupture (ATR) is a common disabling sports injury. The incidence of ATR 
seems to be growing during recent years as a result of increasing participation in physical 
activity by older patients [30, 43]. ATR has an incidence of approximately 30/100,000 [34, 
66, 78]. As both surgical and non-surgical treatment show similar outcomes, emphasis 
is increasingly placed on the methods of rehabilitation after ATR to improve rehabilitation 
outcome [13, 56, 64]. Methods of rehabilitation are however still subject of debate and 
lack consensus [3, 16, 23, 48, 53]. The goal of rehabilitation is to restore function in daily 
life, work and sports, yet most patients exhibit poor long-term tendon function and a 
wide inter-individual variation in recovery outcomes [10, 12, 44, 67, 68, 89]. 

Outcome after ATR can be measured using a variety of measures across multiple health-
related domains [47, 80]. Nevertheless, most studies comparing treatment outcome focus 
solely on re-rupture and complication rate [64]. Despite a relatively low re-rupture rate (2.3-
3.9%) [64], ATR is associated with poor outcome regarding tendon function, especially 
when compared to other (sport) injuries [11, 24, 39, 57, 87, 89]. Studies assessing 
functional outcome after ATR show significant soleus atrophy, altered biomechanics and 
gait, increased tendon length and reduced strength and range of motion [28, 31, 37, 
39, 57, 60, 73]. The impairments in tendon function likely have a negative impact on 
participation in daily activities and sports, yet little data on this topic exist.

About 20% of ATR patients do not to return to their pre-injury sport at all [89] and reasons 
for failed and incomplete return are not well understood. Patient-reported outcome 
measures (PROMs) can be used to gain insight into this perspective. These measures 
are increasingly emphasized in healthcare policy-making and treatment evaluation [6, 
33, 82], but relatively underutilized in ATR research, leading to a gap in knowledge on the 
patient’s perspective of functioning and (activity) participation after ATR. 

The primary aim of this study was to provide insight into the recovery after ATR, with a 
focus on both functional and patient-reported outcomes in terms of physical functioning 
and participation in sport and work. Secondarily, this study aimed to investigate predictive 
factors for return to full participation in sport. 
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METHODS

This paper adheres to the STROBE (STrengthening the Reporting of OBservational studies 
in Epidemiology) guidelines for reporting observational studies in epidemiology [29]. 

Study design and setting
This is a multicenter prospective observational cohort study of patients who were treated 
for ATR in the University Medical Center Groningen (UMCG), Medical Center Leeuwarden 
(MCL) or Martini Hospital Groningen (MHG). The study protocol has been described 
previously [22].

Ethical approval
Ethical approval has been obtained by the institutional review board (IRB) of the UMCG 
(METc 2017/126). This study was locally approved (local feasibility) by the IRB of the 
MHG (MEC 2017-087) and MCL (COV 274(a)).

Participants and procedures
Patients were eligible if they had been clinically diagnosed and treated for ATR between 
April 2017 and November 2018 at one of the participating hospitals. Inclusion criteria 
were age ≥18 years and ATR ≤ 3 months at time of inclusion. Patients were excluded 
if they were physically unable to perform the tests for other reasons than ATR and/or 
cognitively unable to understand the questionnaires or unable to understand written 
Dutch. All eligible patients were invited for study participation. All patients received 
written and oral information prior to giving informed consent. Upon consent, patients 
were invited for follow-up measurements during the recovery period after ATR at 3 months 
(T1), 6 months (T2), and 12 months (T3) after injury. One observer (OCD) performed all 
the measurements.  

Measurements
Data concerning functional and patient-reported outcome measures were collected at 
T1, T2, and T3. Functional outcome concerned measures of tendon length, endurance 
and strength. Patient-reported outcome concerned measures of patient-perceived 
physical activity and symptoms, sport participation and performance and work-related 
absenteeism. At T1 patients filled out a baseline questionnaire concerning biographical, 
anthropometric, lifestyle, personal/family medical history and injury etiology information. 

Tendon function
The resting plantarflexion was used as an indirect measure of tendon length [26]. This 
measure represents the resting degree of tension on the ankle and is measured with 
the patient prone on an examination table with the feet hanging over the edge. Both 
the injured and uninjured Achilles tendon were measured by determining the degree of 
resting plantarflexion using a goniometer. The difference in resting plantarflexion between 
the injured and uninjured limbs was used as outcome in the analyses. 
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To assess the endurance capacity of the calf-Achilles tendon complex of patients after 
ATR, the single-leg heel-rise test was used, which is considered a reliable measure [58]. 
In this study an incline board was used and patients were instructed to stand on one foot 
on and perform as many heel-rises as possible. Two finger tips could be held against the 
wall for balance and patients were instructed to raise the heel as high as possible and 
then lower to the starting position. The test was terminated when the patient stopped, 
was unable to maintain the frequency, or was unable to perform a proper heel-rise. The 
heel-rise frequency of both the injured and uninjured side were recorded. 

The function of the lower extremity was assessed with the single leg hop for distance 
at T3 [7]. This test is considered a reliable measure of lower extremity function [7]. The 
patient was instructed to stand on one leg and to hop once as far forward as possible, 
landing only on the same leg. The distance from the tip of the patient’s great toe at the 
starting position to the tip of the patient’s great toe in the landing position was recorded 
with a tape measure. Each leg was tested three times, and the mean distance hopped 
over the three repetitions was used for the analysis. 

Patient-reported outcome measures (PROMs)
The Dutch version of the Achilles Tendon Total Rupture Score (ATRS-NL) was used 
to measure outcome related to symptoms and physical activity [70]. The ATRS-NL is 
a disease-specific questionnaire that consists of ten questions, each concerning ten 
points. This instrument is considered a valid, reliable and responsive outcome measure 
in ATR patients [25, 63, 70]. The minimum score of 0 indicates no symptoms and full 
function whereas the maximum score of 100 indicates severe symptoms and functional 
limitations. 

Quality of life was assessed with the Dutch version of the EuroQol-5D-5L (EQ-5D-5L). 
With the EQ-5D-5L five subdivisions related to physical, mental, emotional and social 
functioning are assessed. The questions are administered on a 5-point Likert scale 
pertaining to the five levels/dimensions of severity: no problems (1), little problems 
(2), moderate problems (3), severe problems (4) and not capable of (5) [50]. The Dutch 
algorithm was used [84] to produce a utility score ranging from 0 to 1, with 0 indicating 
the worst imaginable health and 1 indicating the best imaginable health state. This score 
was multiplied by 100 for statistical analyses.

The Oslo Sport Trauma Research Centre (OSTRC) Overuse Injury Questionnaire was 
used to estimate the burden of injury with respect to return to sport. The questionnaire 
was initially developed for evaluating overuse injuries and contains four items that record 
to what extent injury has affected (1) sport participation, (2) training volume, (3) sport 
performance and (4) training symptoms. All items can be scored from 0 (no reduction in 
training volume/participation, no effect or no symptoms) to 25 (cannot participate at all 
or severe symptoms) and are summed up to generate a total score between 0 and 100. 
Questions 1 and 4 were scored on a four point scale (0-8-17-25), while questions 2 and 3 
were scored on a 5-point scale (0-6-13-19-25). Although developed for overuse injuries, 
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the OSTRC is also applicable for acute injuries and this questionnaire is considered valid 
and reliable in several languages [27, 42, 45, 62]. This study used the modified Dutch 
version of this questionnaire that pertains to Achilles tendon injury [71]. 

The Productivity Cost Questionnaire (iPCQ) was administered to determine work-related 
losses related to ATR. The iPCQ is a specially constructed Dutch questionnaire designed 
to measure the indirect costs associated with medical treatment [9]. Patients that reported 
paid work filled out this questionnaire. The module absenteeism was used to determine 
work-related absenteeism as a result of ATR.

Statistical analysis
Data was stored in the secure online database OpenClinica and extracted and converted 
into IBM SPSS Statistics for Windows software version 23.0 (Armonk, NY, USA: IBM 
corp.) for analyses. Statistical significance was set at a p-value of 0.05. Data were tested 
for normality using Q-Q plots. Descriptive statistics (means, standard deviations (SDs), 
medians and interquartile ranges (IQRs) and counts and percentages) were calculated 
for baseline characteristics and outcome measures. Generalized estimating equations 
(with exchangeable correlation matrix) were used to determine whether there were 
significant differences in outcome measures over time, corrected for age, gender, BMI, 
and treatment (surgical/conservative). Differences were presented as mean and 95% 
confidence interval (95% CI). 

Univariate binary logistic regression analyses were first performed to identify potential 
variables (baseline characteristics and T1/T2 outcome variables) predictive for full 
participation in sport without symptoms (full participation) at T3. This was defined as 
an OSTRC overuse injury questionnaire score of 0 at T3, and entered as a dichotomous 
dependent variable into the regression model. The strongest predictive variable was 
included first in the multivariate logistic regression model. Thereafter, other potential 
predictive variables (i.e. those with a p-value < 0.2 in the univariate analysis) were added 
to the model one by one using the enter method to determine whether these variables 
changed the predictive value of the model significantly. The results of the final model are 
presented as odds ratios (ORs), 95% CI, and p-values. 
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Figure 1. Flow diagram of study inclusion and follow-up

Assessed for eligibility 
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Included (n = 50)
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(n = 50)
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Lost to follow-up
 (n=3)
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 (n=5)

Excluded (n=14)

• Not meeting inclusion 

criteria (n=3)

• Declined to participate 

(n=5)

• Unable to contact (n=6)
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RESULTS

Cohort description
Out of 64 patients assessed for eligibility, a total of 50 ATR patients were included 
between April 2017 and November 2018 (Figure 1). The baseline characteristics are 
presented in Table 1. The majority of patients (n = 36) were treated non-surgically. In 
terms of complications, there were three re-ruptures, one deep vein thrombosis (DVT) 
and two infections that occurred after primary (surgical/non-surgical) treatment. One 
re-rupture occurred between T1 and T2 in a non-surgically treated patient, which was 
subsequently treated surgically. During follow-up patients participated in a median of 
24.5 (IQR: 35.3) physiotherapy sessions. 

Tendon function
Functional outcomes are presented in Table 2. The heel-rise count and resting 
plantarflexion tendon length were significantly different between the uninjured and injured 
limb at every individual follow-up measurement (p < 0.001). 

The difference in degrees of resting plantarflexion as a measure of tendon length did not 
change significantly during follow-up (p = 0.74). Heel-rise count improved significantly 
during follow-up for both the injured and uninjured limbs (p < 0.001). There was a mean 
improvement in injured limb heel-rise count of 7.8 repetitions (95% CI: 4.9-10.8) at T2 
compared to T1 (p < 0.001) and 8.0 repetitions (95% CI: 4.6-11.4) at T3 compared to T2 
(p < 0.001). At final follow-up, there was a significant difference between the single leg 
hop for distance of the injured and uninjured limbs (mean difference: 11.2 centimeters; 
95% CI: 6.9-15.5; p < 0.001).

Table 1. Baseline characteristics (n = 50) 

Age, years, mean (SD) 42.6 (12.3) 

Sex, female (%)/male (%) 16 (32)/34 (68) 

BMI, kg/m2, mean (SD)  25.5 (3.3)  

ATR side, left (%)/right (%) 24 (48)/26 (52) 

Prior AT symptoms, yes (%)/no (%) 16 (32)/34 (68) 

Treatment, surgical (%)/non-surgical (%) 14 (28)/36 (72) 

Hours of sporting activities per week, mean (SD) 6.3 (8.6) 

Work, sedentary (%)/physical (%) 25 (53)/22 (47) 

Abbreviations: BMI: body mass index, ATR: Achilles tendon rupture, AT: Achilles tendon 
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PROMs
The outcomes of the ATRS-NL, EQ-5D-5L and OSTRC questionnaire are presented 
in Tables 3 and 4. PROMs improved significantly over time; all outcomes improved 
significantly between each individual follow-up measurement (p < 0.001). The ATRS-NL 
score improved 24.5 points (95% CI: 15.2-33.7) points between T1 and T2 and 21.4 
points (95% CI: 11.1-31.7) between T2 and T3. Patients reported an improvement of 0.11 
(95% CI: 0.05-0.16) and 0.06 (95% CI: 0.02-0.11) on the EQ-5D-5L utility score between 
T1 and T2, and T2 and T3 respectively. 

The OSTRC scores are presented in Table 4. Most patients (45/50) participated in 
sporting activities at baseline. The OSTRC severity scores improved significantly (p < 
0.001) during each period of follow-up with patients reporting 26.5 points (95% CI: 13.4-
39.6) improvement between T1 and T2 and 34.6 points (95% CI: 19.5-49.6) improvement 
between T2 and T3. Of those who had paid work (n = 42), work-related absenteeism 

Table 3. PROMs 

PROMa T1 (n = 50) T2 (n = 47) T3 (n = 42) p-value 

ATRS-NL 65.6 (15.0) 41.2 (21.8) 19.6 (18.2) <0.001b 

EQ-5D-5L utility score  0.74 (0.13) 0.85 (0.10) 0.92 (0.09) <0.001c 

amean (SD)  
bGEE corrected for age, gender, BMI and treatment  
cGEE corrected for age, gender and treatment over time 
 

Table 2. Functional outcomes 

Outcome Side T1  T2 T3  p-valuea 

Difference in resting 
plantarflexion (°), mean 
(SD) 

 
 

-4.0 (9.0) -5.23 (6.6) -4.74 (6.2) 0.74 
 
 
 

Heel-rise count, median 
(IQR) 

Uninjured 
 
Injured 
 

18.0 
(14.0) 
 
0.0 (0) 

20.0 
(16.3) 
 
6.0 (13.0) 

22.5 (9.8) 
 
15.5 
(12.3) 

<0.001 
 
<0.001 

Single leg hop for 
distance (cm), mean 
(SD) 

Uninjured 
 
Injured 

  141.4 
(34.6) 
 
131.6 
(35.7) 

 
 

aGEE corrected for age, gender, BMI and treatment over time 
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due to ATR persisted up to 12 months after injury (Table 5). For working patients who 
participated in all periods of follow-up, a median of 26.5 (IQR: 28.0) lost working days 
were reported. 

Factors predicting return to sport participation without symptoms
At final follow-up, of those participating in sporting activities, a total of 43.6% reported 
return to full sport participation (OSTRC severity score: 0). The results of the regression 
analyses are presented in Table 6. Several of the PROMs showed significant associations 
with full participation at T3 in the univariate regression analysis. In the multivariate 
regression analysis, T1 OSTRC severity score and injured/uninjured difference in resting 
plantarflexion were significant independent predictors of return to full participation. 

Table 4. OSTRC scores 

Dimensiona T1 (n = 45) T2 (n = 44) T3 (n = 39) p-valueb 

Training participation 23.0 (4.4) 16.1 (10.4) 5.9 (9.4) <0.001 

Training volume 22.6 (5.0) 15.0 (10.6) 4.6 (8.3) <0.001 

Performance 23.0 (3.4) 15.9 (9.8) 6.4 (8.2) <0.001 

Symptoms 10.4 (8.5) 5.6 (6.2) 1.0 (2.7) <0.001 

Total 79.0 (14.7) 52.6 (32.1) 18.0 (25.7) <0.001 

aMean (SD)  
bGEE corrected for age, gender, BMI and treatment over time 
 

Table 5. Work-related absenteeism due to ATR 

Outcomea T1 (n = 42) T2 (n = 40) T3 (n = 40) Total (n = 34)  

Work absenteeism, days 22.5 (26.0) 3.0 (13.0) 3.0 (46.0) 26.5 (28.0) 

aMedian (IQR) 
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Table 6. Regression analyses 

  Univariate  Multivariate  

Follow-

up 

Variable OR (95% CI) p-

value 

OR (95% CI) p-

value 

T1 ATRS-NL 0.95 (0.91-

1.00) 

0.05   

EQ-5D-5L utility score 1.12 (1.02-

1.24) 

0.03   

OSTRC severity score 

Difference resting 

plantarflexion  

0.93 (0.88-

0.99) 

1.07 (0.99-

1.16) 

0.03 

0.10 

0.91 (0.84-

0.99) 

1.10 (1.00-

1.22)       

0.03 
 
0.05 

T2 ATRS-NL 

EQ-5D-5L utility score 

OSTRC severity score 

0.97 (0.94-

1.00) 

1.1 (1.02-

1.18) 

0.98 (0.96-

1.00) 

0.06 

0.02 

0.13 
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DISCUSSION 

This multicenter longitudinal study aimed to report on the recovery after ATR using 
functional and patient-reported outcomes. This study confirmed persistent deficits in 
tendon function and sport participation up to one year after ATR. Despite this, patients 
seem to adapt well and report acceptable outcome and health-related quality of life. This 
has been the first study to focus on patient-reported physical functioning in sport and 
work after ATR, the first to use the OSTRC overuse injury questionnaire to assess sport 
participation in an ATR population and the first to investigate factors predicting return to 
full sport participation after ATR. 

Tendon function 
Tendon function was impaired throughout recovery and had not yet recovered at final follow-
up. At 12 months post injury, patients exhibit significant deficits in tendon length, heel-rise 
and hop performance. Previous studies have shown that calf muscle strength and ankle 
range of motion are reduced even up to a decade after injury [38, 44, 51], indicating these 
impairments persist beyond the window of clinical follow-up. It is hypothesized that these 
deficits are the result of suboptimal rehabilitation of a structurally compromised tendon. Due 
to low tissue turnover and proliferation, a tendon generally has poor regenerative capacity, 
leading to the formation of mechanically inferior scar tissue following rupture [40, 54, 72, 74]. 
Mechanical remodeling results in loss of stiffness, increased cross-sectional area, muscle 
atrophy and reduced neuromechanical response [24, 32, 35, 61, 74, 85]. This contributes 
to reduced tendon function. Rehabilitation methods should aim to reduce early adverse 
remodeling and promote tendon regeneration by incorporating early loading [13, 14, 74] 
and considering measures such as Vitamin-C and hydrolyzed collagen supplementation 
[19, 65, 69], glycemic load reduction [49] and intermittent pneumatic compression [1]. 
Future research into dietary interventions to promote tendon repair is warranted.   

Patient-reported outcome
When using patient-reported outcome measures to evaluate recovery, a combined-approach 
is recommended, including both absolute final (outcome) state and relevant improvement, 
i.e. minimally important change [4, 83]. No cut-off criteria for the interpretation of the 
absolute ATRS(-NL) scores have been proposed. Nonetheless, the patients in this study 
report significant improvement in terms of patient-reported functional outcome assessed 
with ATRS-NL, that exceeded the minimally important change of the ATRS-NL (13.5-28.5) 
at each period of follow-up [25]. Additionally, health-related quality of life, as measured 
with EQ-5D-5L (score of 0.92) was at least just as good as normative values for the Dutch 
population (score of 0.87) [84]. It can therefore be concluded that ATR patients perceive 
adequate recovery 12 months after ATR. This contradicts the persistent limitations seen in 
tendon function and sport and work participation. Prior studies have also shown satisfactory 
patient-reported outcome in spite of functional limitations [5, 12, 36, 51, 52, 67, 91]. It is 
hypothesized that the typical, occasionally active (weekend-warrior), middle-aged male 
ATR patient easily adapts to the burden of injury. However, we believe this adjustment has 
health-related consequences. The ATR patient population is already intrinsically burdened 
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by an increased risk profile for chronic disease with hyperlipidemia [88] and increased body 
weight [77] prior to injury. The adaptation to injury exacerbates the effects of a sedentary 
lifestyle: physical activity is reduced [67], motivation for return to (recreational) exercise/
sport decreases, and the risk of chronic disease is increased [8]. Additionally, lower load 
capacity of muscle tendon unit and abnormalities in kinetic chain may predispose to new 
(sports) injuries. A holistic approach to rehabilitation with an emphasis on factors such as 
further improving load capacity, adjustment to impairments and motivation to return to 
physical activity/sports is recommended, beyond what the patient deems necessary [76]. 

Participation 
The majority of the study population (56.4%) did not return to their pre-injury level of sport 
participation at final follow-up. The results of this study are in contrast to a prior meta-
analysis that determined 80% returned to sport at an average of 6 months [89]. This study 
used the OSTRC questionnaire, initially developed for overuse injuries [18], to assess the 
degree of participation and performance in sport; showing the biggest improvement in 
OSTRC scores occurred between 6 and 12 months post ATR. The results of this study 
provide evidence that previous research might have overestimated the degree of return 
to sport participation; this may be due to the large variation in criteria applied, the lack 
of a clear definition and operationalization and the use of insufficient measurement tools. 
Return to sport is often considered a binary outcome (yes/no), yet this does not reflect the 
complexity and continuum of the process [2]. Clinicians and researchers involved in ATR 
sport rehabilitation are encouraged to consider multiple dimensions such as performance, 
symptoms and (degree of) participation [2] and use valid measurement tools to evaluate 
(the degree of) return to sport. Additionally, in contrast to other sport-injuries, no conclusive 
milestones for medical clearance for return to sport after ATR exist [2], perhaps explaining 
the large variation in clinical recommendations [23]. To optimize sport-specific outcomes, 
consensus on this topic is recommended.  

Reduced participation in work is reported up to 12 months after ATR. A previous cost-
effectiveness analysis of ATR treatment [86] provided similar data, but focused on a shorter 
follow-up. The lost working days imply that in addition to the direct costs associated with 
ATR treatment (doctor visits, surgery, bracing, etc.), society is burdened with substantial 
indirect costs. Moreover, nearly half of the patients report manual labor, and these indirect 
costs are therefore hypothesized to be even higher when productivity losses are taken into 
account. The financial burden should be taken into account by insurers deciding on the 
reimbursement of rehabilitation programs after ATR. Early mobilization and accelerated 
rehabilitation have been shown to be cost-effective and improve return to work and 
activities and hence patient satisfaction [13, 20, 56, 59]. Additionally, given the long-
lasting work-related absenteeism, additional cost-effectiveness analyses with long-term 
follow-up are recommended.

Factors predictive of return to sport participation
Tendon elongation, measured using resting tendon plantarflexion, at 3 months post-injury 
was shown to be an independent predictor of full return to sport participation. Previous 
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studies found similar results, showing tendon elongation is associated with calf muscle 
volume, strength, heel-rise height, muscle atrophy and biomechanics [39, 79, 81]. Tendon 
elongation develops early after ATR [46, 75, 90] and reflects increased dorsiflexion 
and weakness in end-range plantarflexion [21, 60]. To optimize return to sport, tendon 
lengthening should be prevented by avoiding ankle immobilization in dorsiflexion 
when treating conservatively [41] and utilizing tight, precise surgical repair [15]. During 
rehabilitation plantarflexion should be trained early [12, 13], and although early tendon 
loading is recommended, rehabilitation methods ideally also provide adequate restriction 
of movement [46, 48]. This study confirms prior findings that tendon lengthening after 
ATR continues for up to 6 months [28, 46]. It is therefore recommended that clinicians 
involved in ATR rehabilitation follow-up patients thoroughly including measurements of 
tendon length to evaluate if they would benefit from more aggressive rehabilitation and/
or surgical shortening [13, 55]. 

Strengths and limitations
This study has several strengths as well as limitations. First of all, data were collected 
prospectively, longitudinally and multicenter. One university and two community-based 
hospitals participated, increasing the generalizability of the results. One observer 
performed all the measurements eliminating potential inter-observer variability. This 
study focused on functional and patient-reported outcome after ATR, specifically with 
regards to sport participation. To our knowledge, this has been the first study to use the 
OSTRC questionnaire in an ATR population. However, recently minor word changes were 
incorporated in the questionnaire [17] resulting in the fact that the version that was used 
in this study is an older version, which can be seen as a limitation. Also, although degree 
of return to sport is reported on, this study did not evaluate the specific time of return 
to sport. This study focused on the first year of recovery after ATR; we therefore cannot 
comment on the trajectory of deficits beyond this period. Although the PROMs suggest 
adaptation to injury, patient satisfaction and coping methods were not evaluated; this 
should be subject of future research.
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CONCLUSION

ATR patients exhibit major limitations in tendon function and sport and work participation 
persisting up to 12 months after injury. In contrast, patients report acceptable functional 
improvement and health-related quality of life states. From this we can infer that ATR 
patients seem to accept the burden of injury. Finally, clinicians should be cautious of early 
tendon elongation to identify patients at risk of poor return to sport participation.  
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