
Svedman S, et al. BMJ Open Sp Ex Med 2024;10:e001960. doi:10.1136/bmjsem-2024-001960   1

Open access Original research

Acute Achilles tendon ruptures between 
2002–2021: sustained increased incidence, 
surgical decline and prolonged delay to 
surgery—a nationwide study of 53 688 
ruptures in Sweden

Simon Svedman    ,1,2 Alejandro Marcano,1,3 Paul W Ackermann    ,1,2 
Li Felländer- Tsai,3,4 Hans Erik Berg1,3

To cite: Svedman S, Marcano A, 
Ackermann PW, et al.  Acute 
Achilles tendon ruptures 
between 2002–2021: sustained 
increased incidence, surgical 
decline and prolonged delay 
to surgery—a nationwide 
study of 53 688 ruptures 
in Sweden. BMJ Open 
Sport & Exercise Medicine 
2024;10:e001960. doi:10.1136/
bmjsem-2024-001960

 ► Additional supplemental 
material is published online 
only. To view, please visit the 
journal online (https:// doi. 
org/ 10. 1136/ bmjsem- 2024- 
001960).

Accepted 25 June 2024

1Department of Orthopedics, 
Karolinska Universitetssjukhuset, 
Stockholm, Sweden
2Molecular Medicine and 
Surgery, Karolinska Institutet, 
Stockholm, Sweden
3Department of Clinical Science 
Intervention and Technology, 
Division of Orthopaedics and 
Biotechnology, Karolinska 
Institutet, Stockholm, Sweden
4Center for Advanced Medical 
Simulation and Training 
(CAMST), Karolinska University 
Hospital, Stockholm, Sweden

Correspondence to
Dr Simon Svedman;  
 simon. svedman@ gmail. com

© Author(s) (or their 
employer(s)) 2024. Re- use 
permitted under CC BY- NC. No 
commercial re- use. See rights 
and permissions. Published by 
BMJ.

ABSTRACT
Introduction Given the lack of consensus on optimal 
treatment strategies for acute Achilles tendon rupture 
(ATR), understanding temporal trends, treatment choice 
and demographic characteristics is important. Previous 
research suggests increasing incidence with declining 
surgical treatment. Current trends in Sweden are not 
known.
Hypothesis/purpose To assess how incidence rates, 
treatment trends and time from injury to surgery (TTS) of 
ATR have changed between 2002 and 2021 in Sweden, 
with particular attention to changes since 2012.
Study design Descriptive epidemiology study.
Methods We conducted a nationwide register- based 
study including all inpatients and outpatients ≥18 years of 
age with an ATR between 2002 and 2021 in Sweden.
Results 53 688 ATRs (78.5% men) were identified during 
the study period. 15 045 patients (81.5% men) were 
surgically treated within 30 days. The long- term incidence 
rate for ATR injury increased by 45%, from 28.8 in 2002 to 
41.7 in 2021 per 100 000 person- years (p<0.0001). In the 
last 5 years of the study, there was a significant, continuing 
increase in ATR incidence by 21%, from 34.4 in 2017 to 
41.7 in 2021 per 100 000 person- years (p<0.0001). The 
surgical incidence rates decreased from 13.4 to 6.0 per 
100 000 person- years (p<0.0001). TTS increased from 0.6 
days in 2002 to 5.1 in 2021 (p<0.0001).
Conclusion The observed increase in incidence rates 
and decrease in surgical treatment of ATR emphasise 
the need for evidence- based treatment and rehabilitation 
protocols for non- operated patients of all ages. A 
significant increase in time from injury to surgery was 
observed throughout the study period.

INTRODUCTION
Acute Achilles tendon rupture (ATR) is 
a prevalent injury often occurring during 
physical or sporting activities. Numerous 
international studies over the past 30 years 
have demonstrated an overall increase in the 
incidence of ATR.1–7 However, recent studies 
between 2010 and 2017 suggest a plateau in 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Different regional and national studies indicate an 
increased incidence of Achilles tendon rupture (ATR) 
long- term (10–30 years), with northern European 
studies demonstrating a concurrent decrease in 
surgical treatment.

 ⇒ There is only one previous study regarding the inci-
dence of ATR in Sweden, between 2001 and 2012, 
which suggests an increase in incidence rates be-
tween overall and per sex for three different age 
groups, with decreasing surgical treatment.

WHAT THIS STUDY ADDS
 ⇒ This study demonstrates a long- term rise since 
2002 and an accelerated increase since 2017 in in-
cidence rates of ATR, contrasting publications from 
Europe and Asia.

 ⇒ A simultaneous decreasing trend in the proportion of 
surgically treated ATR was observed, stabilised at a 
rate of around 14%–15% since 2017.

 ⇒ The time from diagnosis until surgical repair was 
investigated, demonstrating a continuous increase 
in time until surgical repair throughout the study 
period, which may have a negative impact on the 
outcomes of ATR patients.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ Rising incidence underlines the need for evidence- 
based ATR treatment and rehabilitation decision- 
making to optimise patient outcomes.

 ⇒ This study suggests that the rising incidence could 
be due to increased activity levels at higher ages 
and activities associated with a higher risk of ATR, 
which warrants further examination.

 ⇒ The decline in primary surgical repair for ATR 
prompts surgeons to re- evaluate patient selection 
criteria, questioning if decisions are guided by sci-
entific evidence or personal preference.

 ⇒ The impact of delayed surgical treatment on patient 
outcomes and whether this delay is due to economic 
pressures in Sweden’s healthcare system, such as 
staff shortages, requires further investigation.
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ATR incidence rates.1 4 8 ATR incidence rates within the 
Swedish population were last reported up to 2012,2 and 
current rates are unknown.

Between 1997 and 2011, surgical treatment for acute 
ATR was favoured over non- surgical treatment as several 
studies demonstrated a reduced risk of re- rupture.9–11 
Re- rupturing the Achilles tendon within the first year 
is considered a severe complication, as it prolongs 
rehabilitation and leads to an inferior patient- reported 
outcome.12 However, between 2012 and 2019, there was 
a shift in recommendations after studies demonstrated 
how non- surgical management with functional rehabili-
tation had comparable re- rupture rates and fewer overall 
complications compared with surgical treatment.13–15 
Interestingly, most recent studies on ATR management 
again advocate for surgical repair over conservative 
management to prevent re- ruptures, reducing the risk of 
re- rupture by 64%–86%.16–19 Whether or not these fluc-
tuating research trends can be observed in the clinical 
management of acute ATR in Sweden is unknown. More-
over, the current rate and demography of ATR patients 
chosen for surgical repair in Sweden are unknown.

While there remains uncertainty about which patients 
would benefit the greatest from surgical repair after ATR, 
a recent study suggests that the time to surgery (TTS), 
that is, the time from injury until surgical repair, may 
negatively impact patient outcome.20 Whether TTS has 
changed over the past 20 years remains unknown.

The present study investigated the long- term changes 
in ATR incidence rates, ATR treatment trends and TTS 
in Sweden between 2002 and 2021 and analysed more 
recent changes since 2012.

MATERIALS AND METHODS
Data were obtained from the Swedish National Patient 
Register (SNPR), a Swedish nationwide validated register 
which contains inpatient data since 1964 and outpatient 
data since 2001.21 Reporting data to the NPR is obliga-
tory for all healthcare providers in Sweden, thus ensuring 
excellent national coverage. The NPR uses the Interna-
tional Classification of Disease (ICD- 10) system based on 
patient- specific identity numbers to categorise patient 
morbidity and mortality.22 Thus, any person in Sweden 
with a personal identity number and seeking healthcare 
for any reason will be included in the NPR. In the present 
study, all patients with an Achilles tendon rupture (coded 
as S860 in ICD- 10) from 2002 to 2021, 18 years of age or 
older, were requested from the register for analyses. Year 
of birth, age at rupture and sex were also collected from 
the SNPR. The first occurrence of S860 was regarded as 
the index case. Any subsequent occurrences in the same 
patient after 365 days were considered a new rupture. 
Surgical treatment of ATR was identified by the surgical 
procedural codes NHL19, NHL49 and NGL49 according 
to the NOMESCO Classification of Surgical Procedures 
Sweden.23 If any of these codes were recorded within 30 
days in combination with S860, surgery was considered 
the primary treatment. TTS was defined as the days from 

the index case to the date when diagnostic and proce-
dural codes were combined. This method was used to 
calculate the main results of TTS. Additionally, to explore 
potential influences of other primary diagnoses, difficul-
ties in diagnosing ATR or misentries in the register, other 
ICD- 10 diagnoses of other foot/ankle/lower limb pathol-
ogies registered within 14 days before the index case were 
examined for their impact on TTS. Twenty- two diagnostic 
codes were determined as relevant and were found in 986 
(6.6%) of surgically treated patients. Fifty- four per cent 
of these patients (n=529) were initially diagnosed with 
M663/-H/-G (spontaneous rupture of flexor tendons/…
of the ankle/…lower limb), 13% (n=131) were recorded 
as S932 (ruptured ligament in the foot), 10% (n=100) 
received M796/-D (pain in the extremity/… non- specific 
in the lower leg), 7% (n=66) as M662/-G/-H (sponta-
neous rupture of extensor tendon/…of the knee or 
lower leg/…of the ankle or foot), 4% (n=42) as M665 
(spontaneous rupture of unspecified tendon). Another 
12 diagnostic codes were recorded, representing the 
remaining 12% (n=118). The impact of a delay in ATR 
diagnosis is presented in a separate section in the results.

The STrengthening the Reporting of OBservational 
studies in Epidemiology checklist was used in prepara-
tion of the manuscript.

Statistics
As data for the number of ATRs were collected from the 
SNPR, another Swedish governmental agency, Statistiska 
Centralbyrån (Statistics Sweden), provided population 
data for incidence calculations. Based on 1 July, the 
midterm population was used to determine incidence 
rates for each year in the study. Data management 
was performed with R V.4.0.0 (R Centre for Statistical 
Computing, Vienna, Austria). Test of significance and 
95% CIs for incidence rates were calculated with the 
MedCalc Statistical Software V.19.2.6 (MedCalc Soft-
ware by Ostend, Belgium; https://www.medcalc.org; 
2020). Significant changes in the median age of rupture 
were calculated with a Mann- Whitney U test. Significant 
changes and differences in mean days in delay for surgical 
repair were calculated using a paired and unpaired 
Student’s t- test when appropriate. An alpha of 0.05 was 
used in all statistical tests.

RESULTS
Incidence of ATR
A total of 53 688 ATR cases were recorded in the SNPR 
between 2002 and 2021, corresponding to an overall inci-
dence rate increase of 45% throughout the study period 
(p<0.0001) (figure 1, table 1). The overall incidence rate 
increased by 26% between 2002 and 2012, decreased 
by 4.8% between 2012 and 2017 and increased by 21% 
between 2017 and 2021 (figure 1, table 1).

The median age increased from 44 to 50 years between 
2002 and 2021 (95% CI 43.8 to 44.2 and 49.7 to 50.3, 
p<0.0001). Men constituted 78% of all ATRs (n=42 140), 
and their incidence rate increased by 40% during the 

https://www.medcalc.org
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study period, 24% during 2002–2012 and 19% during 
2017–2021 (figure 1, table 1). The male median age 
increased from 44 to 51 years (95% CI; p<0.0001) during 
the study period. ATR incidence for women increased 
by 58% over the whole study period, 26% from 2002 to 
2012 and 30% from 2017 to 2021 (figure 1, table 1). The 
median age for women increased non- significantly from 
46 to 49 years (p=0.10) throughout the study.

Age groups
There were increasing incidence rates of ATR in most 
age groups throughout the study period, with decreasing 
rates only seen in the age group 30–39 years (table 2, 
figure 2).

Age groups between 18 and 79 years of both sexes 
demonstrated decreased proportions of surgical treat-
ment of ATR. The overall number of injuries and 
proportion of surgical treatment per age group are 
presented in table 3.

Incidence of surgical treatment of ATR
A total of 15 045 ATR surgical repairs were performed 
within 30 days of ATR diagnosis throughout the study 
period (82% men, n=12 269). The number of ATR 
surgeries decreased by 47%, from 942 surgeries in 2002 
to 495 in 2021. This corresponded to a decrease in 
surgical treatment incidence rates from 13.4 in 2002 to 
6.0 in 2021 per 100 000 person- years (95% CI 12.6 to 14.3 
and 5.4 to 6.5, p<0.0001) (figure 3). The overall surgical 
treatment incidence rate was 13.4 in 2002, waning to 6.0 
in 2021 per 100 000 person- years (95% CI 12.6 to 14.3 
and 5.4 to 6.5, p<0.0001) (figure 3). The overall surgical 
incidence rate changed from 9.7 in 2012 to 5.7 in 2017 
(95% CI 9.0 to 10.4 and 5.2 to 6.2, p<0,0001) and from 
5.7 in 2017 to 6.0 in 2021 (p=0.45). The overall propor-
tion of surgical- treated ATR cases decreased from 47% in 
2002, 27% in 2012, 17% in 2017 and 14% in 2021.

The male surgical incidence rate decreased from 22.6 in 
2002 to 8.8 in 2021 per 100 000 person- years (95% CI 21.1 

Figure 1 Overall Achilles tendon rupture incidence rates per 100 000 person- years, stratified by sex.

Table 1 Incidence rates per 100 000 person- years and number of Achilles tendon ruptures
2002 2012 2017 2021 P value

Overall Incidence rate 
(95% CI)

28.8
(27.5 to 30.1)

36.1
(34.9 to 37.5)

34.4
(33.1 to 35.7)

41.7 
(40.4 to 43.2)

<0.0001,* 0.066,† <0.0001,‡

N 2025 2765 2753 3453

Men Incidence rate 
(95% CI)

46.1 
(43.9 to 48.4)

57.4 
(55.0 to 59.9)

54.2 
(51.9 to 56.5)

64.3 
(61.9 to 66.8)

<0.0001,* 0.058,† <0.0001,‡

N 1590 2173 2162 2663

Women Incidence rate 
(95% CI)

12.1 
(11.0 to 13.3)

15.3 
(14.1 to 16.6)

14.7 
(13.6 to 16.0)

19.1 
(17.8 to 20.5)

<0.0001,* 0.49,† <0.0001,‡

N 435 592 591 790

*Comparison of 2002 and 2012.
†Comparison of 2012 and 2017.
‡Comparison of 2017 and 2021.
N, number of Achilles tendon ruptures.
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to 24.3 and 7.9 to 9.8, p<0.0001) (figure 3). Furthermore, 
surgical incidence rates changed from 16.1 in 2012 to 9.0 
in 2017 (95% CI 14.9 to 17.4 and 8.1 to 10.0, p<0.0001) 
and from 9.0 to 8.8 in 2021 (p=0.85). The proportion 
of surgically treated men decreased from 49% in 2002, 
28% in 2012, 17% in 2017 and 14% in 2021. For women, 
the surgical incidence rate decreased from 4.5 to 3.1 per 
100 000 person- years throughout 2002–2021 (95% CI 3.8 
to 5.3 and 2.6 to 3.7, p=0.001) (figure 3). For women, 
surgical incidence rates changed from 3.4 in 2012 to 2.4 
in 2017 (95% CI 2.8 to 4.0 and 2.0 to 3.0, p=0.13) before 
reaching 3.1 in 2021 (p=0.063). The proportion of surgi-
cally treated women decreased from 37% in 2002, 22% in 
2012 and 16% in 2017, reaching 16% in 2021.

Delay in ATR surgical repair
From 2002 to 2021, there was an overall increase in TTS 
of 719%, with TTS increasing from 0.6 days in 2002 to 

5.1 days in 2021 (95% CI 0.5 to 0.8 and 4.6 to 5.6, p<0.0001) 
(online supplemental appendix 1). From 2012 to 2017, 
mean TTS increased from 2.9 days to 4.3 days (52%) 
(95% CI 2.6 to 3.2 and 3.9 to 4.9, p<0.0001), and from 
2017 to 2021, mean TTS increased from 4.3 days in 2017 
to 5.1 days in 2021 (16%) (p=0.043). Mean TTS in men 
changed from 0.5 to 5.0 days (900%) between 2002 and 
2021 (95% CI 0.4 to 0.7 and 4.5 to 5.6, p<0.0001). More-
over, from 2012 to 2017, mean TTS increased from 2.9 to 
4.4 (54%) (95% CI 2.6 to 3.2 and 3.9 to 5.0, p<0.0001), 
and from 4.4 to 5.0 days between 2017 and 2021 (14%) 
(p=0.17). In women, mean TTS increased from 1.1 to 
5.2 days (373%) during the study period (95% CI 0.6 to 
1.5 and 4.3 to 6.2, p<0.0001). Moreover, from 2012 to 
2017, mean TTS increased from 3.0 to 4.3 days (44%) 
(95% CI 2.3 to 3.7 and 3.4 to 5.3, p=0.02) and from 4.3 to 
5.2 days between 2017 and 2021 (22%) (p=0.15).

Table 2 Age group ATR incidence rates and changes for men and women between 2002 and 2021 per 100 000 person- years

Age group (years)

Incidence rate

% change P value2002 (95% CI) 2021 (95% CI)

Overall

  18–29 12.7 (10.8 to 14.8) 20.0 (17.8 to 22.4) 57 <0.0001

  30–39 45.1 (45.1 to 41.5) 37.8 (34.6 to 41.1) −16 0.0029

  40–49 44.5 (40.8 to 48.5) 62.7 (58.5 to 67.2) 41 <0.0001

  50–59 30.2 (27.2 to 33.4) 48.5 (44.8 to 52.4) 61 <0.0001

  60–69 22.0 (19.0 to 25.4) 49.1 (45.1 to 53.4) 123 <0.0001

  70–79 20.7 (17.5 to 24.4) 43.4 (39.5 to 47.6) 110 <0.0001

  80–89 12.4 (9.3 to 16.3) 32.1 (27.2 to 37.6) 159 <0.0001

  90+ 1.3 (0 to 7.2) 11.6 (6.2 to 19.8) 795 –*

  Men

  18–29 19.6 (16.3 to 23.3) 27.4 (23.9 to 31.4) 40 0.0024

  30–39 70.4 (64.1 to 77.1) 57.4 (52.4 to 63.5) −18 0.0033

  40–49 71.8 (65.2 to 78.9) 89.2 (82.2 to 96.8)) 24 0.0006

  50–59 48.3 (43.0 to 54.0) 75.6 (69.2 to 82.5) 57 <0.0001

  60–69 34.0 (28.7 to 40.0) 83.3 (75.9 to 91.3) 145 <0.0001

  70–79 29.8 (24.0 to 36.5) 71.2 (64.0 to 79.0) 139 <0.0001

  80–89 21.5 (14.9 to 30.0) 50.4 (41.2 to 61.0) 134 <0.0001

  90+ 0 (0 to 20.0) 19.9 (8.0 to 40.9) – –*

  Women

  18–29 5.6 (3.9 to 7.7) 11.9 (9.5 to 14.7) 113 0.001

  30–39 18.8 (15.5 to 22.5) 16.7 (13.8 to 20.0) −11 0.36

  40–49 16.3 (13.2 to 20.0) 35.2 (30.7 to 40.1) 116 <0.0001

  50–59 11.8 (9.2 to 14.8) 20.6 (17.3 to 24.4) 75 0.0001

  60–69 10.5 (7.7 to 14.0) 15.0 (12.0 to 18.6) 43 0.047

  70–79 13.4 (10.0 to 17.6) 17.3 (14.0 to 21.2) 29 0.14

  80–89 6.9 (4.1 to 10.9) 17.9 (13.2 to 23.8) 159 0.0003

  90+ 1.8 (0.033 to 7.2) 7.8 (6.2 to 19.8) 433 –*

*A significance test was not performed because there was only one patient in the age group 90+ in 2002.

https://dx.doi.org/10.1136/bmjsem-2024-001960
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Delay of ATR diagnosis and surgical treatment
Out of the 15 045 patients surgically treated for ATR, 986 
patients (6.6%) received a different initial injury diagnosis, 
which at a subsequent visit within 14 days was changed to 
S860. Using the time- point of the first different diagnosis 
rather than the initial recorded S860 for calculating TTS 
in those patients where this occurred resulted in an overall 
mean increase of 0.2 days for TTS per year.

DISCUSSION
This nationwide register- based study on 53 688 ATR 
cases demonstrated a recent and long- term significant 
increase, with an overall increase of 45% in incidence 
rates between 2002 and 2021. A long- term decrease in 
surgical ATR treatment incidence rate, from 47% to 
stabilising around 15% in the last 5 years of the study, was 
found. Moreover, throughout the 20 years of the study, 

there was a 719% increase in the time from injury until 
surgical ATR repair, which could have a negative impact 
on patient- reported outcomes.20

The main finding of the present study is the significant 
long- term rise in incidence rates. The present Swedish 
data confirm those reported by other nationwide epide-
miological studies of ATR. Colleagues from Finland4 
reported a major increase in incidence rates from 17 
in 1997 to 32 in 2019 (+87%), while Ganestam et al in 
Denmark1 reported a more modest increase in incidence 
rates from 27 to 31 between 1994 and 2013 (+16%). More-
over, a province in Canada and a sample of US hospitals 
showed marked and consistent increases in ATR inci-
dence rates by 6%–10% per year.6 24 In contrast, recent 
East Asian studies (2009–2017) demonstrated moderate25 
or no8 increases in ATR incidence, using data from health 
insurance claims. In fact, all recent European and Asian 
studies showed a plateau in ATR incidence after 2009. We 
could confirm such a plateau and even a 9% decrease in 
2013–2017.

The data demonstrated a significant increase in ATR 
incidence of 21% from 2017 to 2021, marking a novel 
acceleration from the steadier long- term increase. The 
reasons behind the recent increase in incidence rates 
remain unclear. Still, they could be due to the notable 
surge in participation in the racquet sport Padel, as 
racquet sports increase the risk of ATR,26 with the 
number of unique individuals booking a court for Padel 
in Sweden increased from 33 990 to 540 000 between 
2017 and 2021.27

The observed long- term rise in the ATR incidence 
rate is presumably related to increased participation 
in sports or recreational activities among women and 
people at older ages,28–30 evidenced by the higher inci-
dence in women (58% vs 40% in men) and the shift in 
median injury age from 44 to 50 years. This observation is 
further substantiated by the fact that in 2002, the highest 

Figure 2 Achilles tendon incidence rates stratified by sex for the study period’s first, middle and last years.

Table 3 The number of ATR injuries and proportion of 
primary surgical treatment per age group for 2002 and 
2021, with the percentage of change in ATR injuries and 
proportion of surgical treatment in the same period

Age group 
(years)

Number of ATR per year (% with 
primary surgical treatment)

% change, ATR 
injuries (surgical 
treatment)2002 2021

18–29 163 (61) 298 (29) 83 (−53)

30–39 575 (59) 540 (20) −6 (−67)

40–49 522 (51) 813 (15) 56 (−70)

50–59 378 (41) 643 (13) 70 (−68)

60–69 191 (31) 547 (9) 186 (−70)

70–79 143 (14) 447 (9) 213 (−39)

0–89 52 (2) 152 (3) 192 (37)

90+ 1 (0) 13 (0) 1200 (–)

ATR, Achilles tendon rupture.
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incidence was observed among patients aged 30–49 
years, while by 2021, patients aged 40–80 years presented 
the highest increase and similar ATR incidence rates 
(figure 2). The transition to an increasingly older injury 
cohort seems to have been established by 2012, especially 
among those born between 1923 and 1952, who were 
aged 50–79 years in 2002 and thus 60–89 years of age 
in 2012. Both environmental and degenerative factors 
might explain this sharp increase. Degenerative changes, 
known to accumulate with increased age and metabolic 
conditions such as diabetes, increase the risk for ATR 
and could be an additional reason for the observed 
increase.31 The idea of degenerative changes within the 
tendon aligns with the staggering fivefold increase in ATR 
incidence in middle- aged Swedes (40–49 years in 2021) 
compared with when they were young adults (18–29 years 
in 2002; table 2). Similar findings were seen in Danish 
data comparing birth cohorts (69%–169% increase from 
1994 to 2013).1 The 57% increase in ATR incidence in 
the youngest age group is intriguing and raises questions 
about whether this can be explained by altered sports 
habits alone or if intrinsic factors contribute. The decline 
in physical activity32 and rise in body mass index33 among 
younger Swedes may have compromised or subjected 
their tendons to an increased risk of rupture, as these are 
known risk factors for ATR.34 Future studies should try to 
separate intrinsic factors, including tendon quality, from 
factors related to sports trends. This might be achieved by 
cohort studies of register data spanning several decades.

The second main finding of this study was a major long- 
term decrease in primary surgical treatment of ATR of 
almost 50% overall and by two- thirds in age groups 30–69 
years. The observed shift towards non- surgical treatment 
corroborates other studies in northern Europe and 
Canada at similar periods as the present study.1 2 4 6 Non- 
surgical treatment is favoured due to previous findings of 
comparable patient outcomes and fewer adverse events, 
although with a higher risk of re- rupture.13 14 16–19 35 

Contrastingly, recent data from both Japan and South 
Korea demonstrate an increase in surgical treatment 
by 5.4% and 28% from 2009 to 2017,8 25 explained 
by a higher degree of privately operated care in Japan 
and an inadequate outpatient healthcare structure for 
non- surgical early range mobilisation in South Korea. 
In the present study, the long- term decline in the rate 
of surgical treatment of ATR seems to have reached a 
plateau of around 15% of patients during 2017–2021. 
A long- term declining surgical trend might suggest that 
surgeons have either found a subset of patients preferred 
for surgical treatment, may have limited access to surgical 
options or appreciate the simplicity of non- surgical treat-
ment with the knowledge of equivalent patient outcomes 
according to the recent meta- analyses. However, the 
smaller yet substantial decrease in surgical treatment of 
patients aged 18–29 years complies with the conception 
that younger individuals with more physical demands 
and fewer medical comorbidities would benefit more 
from surgical repair. To date, there is limited knowledge 
of how patient characteristics or other factors can guide 
surgeons in determining which patients would benefit 
most from surgical ATR repair. A shift towards non- 
surgical treatment for ATR possibly leads to an increased 
number of re- ruptures. However, this likely does not fully 
explain the sharp increase in incidence since 2017, as the 
decrease in surgical treatment was slight, from 17% to 
14% during the same period. Moreover, as most re- rup-
tures occur within 1 year,36 37 subsequent entries in the 
register are likely contralateral ruptures and should be 
counted anew.

Perhaps the most notable finding of this study was the 
demonstration of a significant increase in the delay from 
injury to surgical treatment by 719%, from an average 
of 0.6 days to 5.1 days throughout the study period. To 
our knowledge, TTS has not previously been reported in 
a nationwide register study for ATR. However, increased 
TTS has previously been associated with impaired 

Figure 3 Overall Achilles tendon injury and surgical incidence rates, overall and per sex, per year, per 100 000 person- years.



7Svedman S, et al. BMJ Open Sp Ex Med 2024;10:e001960. doi:10.1136/bmjsem-2024-001960

Open access

patient- reported outcomes and more complications, 
which suggest a possible disturbance in the healing 
process of the tendon if surgery is performed at a later 
stage of healing.20 An experimental study on Achilles 
tendon in a rat model verified how improved biomechan-
ical and histological properties occurred if surgical repair 
was performed after 48 hours of injury.38 The underlying 
reasons for the increased TTS could be due to increas-
ingly limited access to hospital emergency departments 
and in- hospital orthopaedic expertise and increasingly 
limited surgical resources following the underprioritisa-
tion of ATR for surgical treatment. Whether increased 
TTS impacts patient outcomes necessitates further veri-
fication but may warrant changes in practice guidelines 
when surgery on ATR patients should be performed. 
Furthermore, all comparisons between surgically and 
non- surgically treated ATR patients may require revision 
to consider TTS.

This study extends the knowledge of earlier registry 
studies, especially the results of Huttunen et al,2 which 
reported ATR incidence trends in Sweden between 2001 
and 2012. Some differences exist between these studies. 
The discrepancy of slightly higher incidence rates 
could be attributed to methodological differences. The 
present study included ATR diagnosis from any of the 30 
code positions in the register, not limited to primary or 
secondary positions. Re- entries were permitted 365 days 
after the first rupture, as patients with a previous ATR 
have an increased risk of contralateral rupture.39 40

Strength and limitations
The strength of the present study lies in its use of a 
nationwide register, setting it apart from other studies 
that rely on insurance or regional data. This enhances 
the reliability and generalisability of the results and limits 
selection bias related to socioeconomic, geographical 
or ethnic factors. The observed increases in TTS were 
corroborated by randomised controlled trials conducted 
at our clinic between 2010 and 2018 for operated ATR. 
Limitations of this study, as with any register- based study, 
are the retrospective design and the risk of misdiagnosis 
or incorrect entries in the register. However, the SNPR 
is reported to be of high quality,21 and any misclassi-
fication for the main outcome should not affect the 
results in any major way. The high quality of the SNPR 
further strengthens the findings, as the incidence rates 
were calculated based on the exact number of Swedish 
males and females in any specific year. Moreover, efforts 
were made to ensure correct coding in operated cases, 
which demonstrated how temporary diagnoses were used 
sparingly until definitive diagnosis. The SNPR does not 
distinguish between the left or right side, which may limit 
it for re- ruptures and contralateral injury estimations. 
Moreover, the SNPR do not contain patient outcome 
variables, such as questionnaires or functional tests, 
which are essential for assessing the impact of different 
treatment modalities. Incorporating such variables would 
enable data segmentation based on different patient 

characteristics, facilitating a deeper understanding of the 
significance of an individualised care protocol for ATR.

Clinical implications
The decreased surgery rate and the increased number 
of tendon ruptures demand increased resources to opti-
mise and treat non- operated ATR patients of all ages. 
The marked delay of surgical cases shown in Sweden calls 
for the priority of diagnosis and surgery of these limited 
cases and underscores the need to research the impact of 
delayed surgical treatment on patient outcomes.

CONCLUSIONS
The incidence rate of ATR demonstrated both a long- 
term and a recent rise while an increasing median age 
at rupture. Concurrently, the rate of surgical treatment 
of ATR showed a steady decline to reach a plateau in the 
last 5 years of this study. Moreover, the time from injury 
to surgical treatment has significantly increased over the 
past 20 years.
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