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compared with urban geographical areas. A steady decline 
in surgical treatment was found over the whole period, with 
a noticeable decline from 2009 to 2013, possibly reflect-
ing a rapid change in clinical practice following a range of 
high-quality randomized clinical trials (RCT).
Level of evidence  IV.
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Introduction

Achilles tendon rupture typically occurs among young 
active adults, and it is a frequent (11–37 per 100,000 per 
year) and potentially disabling injury [5, 12, 15]. Epide-
miological studies have shown an increasing incidence, but 
most data are old with diverse results and lack information 
concerning the impact of sex, age, geographical and sea-
sonal variation [5, 12, 15, 19].

The mean age at the time of rupture has been reported 
to be between 30 and 46 years [5, 10–12, 15, 21–23] with 
more men than women acquiring an acute Achilles tendon 
rupture (male-to-female ratio 2.9–5.7:1) [5, 11, 12, 15, 
21–23]. A finnish study reported higher incidence rates in 
urban geographical areas (13.8/105) than rural geographical 
areas (7.6/105) [19]. Also seasonal variation seems to have 
an impact on the incidence of [5, 12, 22]. Several studies 
report the highest incidence during the spring peaking in 
March [19, 22, 23].

The best treatment of acute Achilles tendon rupture is 
frequently studied and debated [2, 7–9, 13, 18]. Surgery 
has been the preferred treatment for acute Achilles tendon 
rupture in most hospitals across Scandinavia over the past 
decade, but a range of studies have questioned the efficacy 
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of surgery [1, 6, 17]. Mattila et al. [14] found a decreasing 
rate in surgery of acute Achilles tendon rupture in Finland 
over the last few years, indicating that merging evidence 
does in fact influence clinical practice.

Most epidemiological studies are limited by a selected 
cohort from one hospital or region [5, 11, 12, 15, 16, 19, 
22]. Denmark is an optimal setting to perform a nationwide 
epidemiological study concerning acute Achilles tendon 
rupture as all patients seeking medical care in Denmark 
since 1977 have been registered with their social security 
number in the National Patient Register (Lands Patient 
Registeret, LPR).

Considering the demographical changes of the popula-
tion and the increasing focus on sporting activities, there is 
a need for an updated epidemiological study of acute Achil-
les tendon rupture. Mainly due to an increasing elderly 
population, we hypothesized that the incidence of acute 
Achilles tendon rupture has been increasing over the past 
20 years.

Materials and methods

The study was conducted as a retrospective registry study. 
National population data were compiled by extracts from the 
Danish National Patient Registry and services of Statistics 
Denmark. In Denmark, all healthcare providers are obliged 
to register all inpatient and outpatient contacts, using the 
unique social security number, in the Danish National Patient 
Registry. From 1994, registration has been performed using 
the ICD-10 classification system; from 1996, surgical activ-
ity has been registered according to the Nordic Medico-Sta-
tistical Committee (NOMESCO) Classification Of Surgical 
Procedures (NCSP). The register was searched from January 
1, 1994, to December 31, 2013. For patients registered under 
the ICD-10 code for acute Achilles tendon rupture (DS860), 
the following information was extracted: sex, age, munici-
pality, date of injury and surgical treatment. Due to multi-
ple registrations (inpatient and outpatient contacts) referring 
to the same injury within the Danish National Patient Reg-
istry, only the first contact was included in the study. Data 
concerning surgical treatment were extracted from January 
1, 1996, to December 31, 2013, as the NOMESCO Classifi-
cation Of Surgical Procedures was introduced in 1996. The 
codes KNGL49, KNHL49 and KNHL19 indicated surgical 
treatment. There are no data available concerning validity of 
coding in the Danish National Patient Registry.

National population data concerning sex, age and geo-
graphical population density were retained from the services 
of Statistics Denmark from 1994 to 2013 (freely available 
at http://www.statbank.dk/statbank5a/default.asp?w=1280) 
[3]. The study was approved by the Danish Data Protec-
tion Agency [4]. According to Danish legislation, no IRB 

approval was needed as the study is a retrospective regis-
try study. When investigating seasonal variation, winter was 
defined as the months of December, January and February, 
and so forth. Geographical area was defined as urban for 
municipalities with population of at least 80,000 in 1994 
(Copenhagen, Aarhus, Odense, Aalborg, Frederiksberg and 
Esbjerg). All others were considered rural.

The incidence rate was calculated as the number of inju-
ries divided by the person-years of risk (PYRS). The PYRS 
was defined as the sum of years each person is at risk of 
having an accident within each year. If a person did not 
die within the year, they contributed a year, and if a per-
son died at some point during that year, it was assumed that 
the person contributed half a year. Since exact dates were 
not available in the death tables, this assumption was made. 
From this definition, the PYRS could be calculated as the 
number of persons alive during the year minus half the 
number of persons who died during the year. The incidence 
was multiplied by 100,000 to give an unit of incidence per 
100,000 person-years.

Modelling

The analysis was performed to investigate whether there 
was a change in the incidence rates stratified on sex or geo-
graphical area during 1994–2013. The operation rates were 
also analysed to determine change during 1996–2013.

Analysis for sex and geographical area

Analysis of the incidence change for sex and geographical 
area was done using Poisson regression, with PYRS used 
as the offset. The models (M1.1, M1.2 and M1.3) included 
year as a linear change, sex and geographical area and were 
adjusted for age (18–30, 31–50, 51–70 and 70+). All mod-
els used the quasi-Poisson distribution in order to estimate 
the dispersion parameter (all found to be between 1.21 and 
2.74) used to evaluate the models.

In the first model (M1.1), no interaction was used and 
this model estimated the change per year; in the second 
model (M1.2), the year–sex and year–area interactions 
were introduced in two separate models. These models 
gave estimates of the change per year for the sexes and 
geographical areas.

The third model (M1.3) evaluated all possible inter-
actions between the variables using backwards stepwise 
regression with the Chi-square test, resulting in a model 
with year–age, area–age, year–area, sex–age and sex–year 
interactions as well as a three-way interaction between 
year, age and sex. Since we want to investigate the effect 
of the year with regard to sex and geographical area corre-
sponding to the effect of the year–sex and year–area inter-
actions, these were not tested.

http://www.statbank.dk/statbank5a/default.asp?w=1280
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Analysis of treatment choice

For surgery, the change in the ratio of injuries resulting in 
surgery was evaluated. Since the surgery date is not studied 
but only if surgery occurs, the set-up differs from the previ-
ous models, logistic regression was used with yes/no to sur-
gery as outcome. The models (M2.1, M2.2) included year 
and were adjusted for age and sex. It is important to note 
that year refers to the year of the injury and not year of sur-
gery. From plots of the change in ratio between surgery and 
nonsurgery over years, it was clear that the change was not 
linear. A drop in surgery seemed to be present around 2010. 
Therefore, year was included as a natural cubic spline with 
knots chosen at 2002, 2006 and 2010; other years were 
chosen for equal spacing of knots. Again, an initial model 
(M2.1) was used with no interaction of year, as well as a 
second model (M2.2) where again all interactions were 
evaluated using backwards stepwise regression with the 
Chi-square test. Here age–sex and age–year interactions 
were present.

Statistical analysis

Results were considered statistically significant at p value 
<0.05. All statistical analyses were performed using R 3.0.2 
(R Foundation for Statistical Computing, Vienna, Austria).

Results

A total of 33,160 acute Achilles tendon ruptures were reg-
istered during the 20-year period from January 1994 to 
December 2013. We included 75.2  % men (n =  24,939) 
and 24.8  % women (n  =  8221), resulting in a male-to-
female ratio of 3:1. We found a statistically significant 
increase in incidence from 26.95/105/year in 1994 to 
31.17/105/year in 2013 (p  <  0.001) (Fig.  1). When ana-
lysing the results by age and sex, we found a statistically 
significant increasing incidence in patients over 50  years 
for both sexes. In the group of 31–50-year olds, a statisti-
cally nonsignificant change was found also for both sexes 
and in the group of 18–30-year olds a statistically signifi-
cant decrease in incidence was found again for both sexes 
(Table 1; Figs. 2, 3). The mean incidence for women was 
15.2/105/person-year and for men 46.9/105/person-year 
(Table  1). The median age for men was 42  years (range 
6–84) in 1994 and 49  years (range 6–98) in 2013. For 
women, the median age was 42 years (range 2–93) in 1994 
and 48 years (range 7–93) in 2013. Age-adjusted incidence 
for both genders peaked at the age of 41 showing a mean 
incidence of 68.6/105/person-year.

The seasonal variation over the period showed a higher 
incidence during the fall with peak incidence in September 
and lowest incidence in July (Fig. 4). The lowest incidence 
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Fig. 1   Incidence of acute Achilles tendon ruptures (per 100,000 person-years) and incidence of surgical treatment of acute Achilles tendon rup-
tures (per 100,000 person-years) for the Danish population between 1996 and 2013
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was found during summer followed by spring. Comparison 
of the mean incidence between rural and urban geographi-
cal areas showed a mean incidence of 31.4/105/year in rural 
areas and mean incidence of 29.4/105/year in urban areas 
(Fig. 5). There was a statistically nonsignificant increase in 
incidence over time in rural compared to urban geographi-
cal areas of 0.1 % per year (ns) and a statistically nonsig-
nificant difference in the incidence intercept between urban 
and rural geographical areas of 2.8 % (ns).

The mean incidence for surgical treatment was 14.9/105 
in the period with a statistically significant decrease in inci-
dence from 16.9/105 in 1994 to 6.3/105 in 2013 (Fig.  1). 
The incidence for men was 26.9/105 in 1994 and 9.9/105 in 
2013, and for women 7.3/105 in 1994 and 2.7/105 in 2013 

with no statistically significant difference in the probability 
of operation between the genders (Fig. 6).

Discussion

The purpose of this study was to investigate the incidence 
of acute Achilles tendon rupture with focus on sex, age, 
geographical area, seasonal variation and choice of treat-
ment. The most important finding was a statistically signifi-
cant increase in incidence from 1994 to 2013 (p < 0.001) 
due to an increase in the group of patients above 50 years 
of age for both men and women (p < 0.001). In the group 
of 30–50-year olds, there was no increase in incidence 

Table 1   Incidence of acute Achilles tendon ruptures (per 100,000 person-years) by sex and age, showed as mean over the period 1994–2013, in 
year 1994 and 2013; with respective coefficient for annual increase and p value

Mean 1994–2013 1994 2013 Annual increase p value

Incidence both genders 30.87 26.95 31.17 1.006 <0.001

Incidence all ages: men (women) 46.91 (15.16) 40.13 (14.17) 48.13 (15.16) 1.007 (1.002) <0.001 (0.409)

Incidence age 18–30: men (women) 24.82 (9.95) 29.88 (15.08) 21.46 (8.68) 0.972 (0.954) <0.001 (<0.001)

Incidence age 31–50: men (women) 85.38 (29.30) 77.30 (24.82) 80.40 (25.51) 1.002 (0.999) 0.361 (0.799)

Incidence age 51–70: men (women) 57.89 (14.64) 39.73 (13.09) 66.55 (16.65) 1.024 (1.017) <0.001 (<0.001)

Incidence age >70: men (women) 42.47 (12.18) 28.29 (9.62) 57.70 (16.46) 1027 (1.053) <0.001 (<0.001)
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Fig. 2   Incidence of acute Achilles tendon ruptures (per 100,000 person-years) for men between 1994 and 2013 by age
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and in the group of 18–30-year olds a statistically sig-
nificant decline in incidence was observed for both gen-
ders (p < 0.001). Lantto et al. [10] reported an increasing 
incidence for all age groups, but the study was limited by 

selection bias as only one region in Finland was studied. 
In Sweden, a declining incidence for younger men was 
reported [6]. This is the first study to report a statistically 
significant decrease for younger men as well as women.
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Fig. 3   Incidence of acute Achilles tendon ruptures (per 100,000 person-years) for women between 1994 and 2013 by age
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Fig. 4   Mean seasonal variation of acute Achilles tendon ruptures over the period of 1994–2013, divided into winter, spring, summer and fall



3735Knee Surg Sports Traumatol Arthrosc (2016) 24:3730–3737	

1 3

1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

20

25

30

35

40

45

50

Year

In
ci

de
nc

e 
(p

er
 1

00
00

0 
pe

rs
on

−y
ea

r)

Urban
Rural

Fig. 5   Incidence of acute Achilles tendon ruptures (per 100,000 person-years) in rural and urban geographical areas between 1994 and 2013
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Fig. 6   Probability of surgical treatment given the person sustained an acute Achilles tendon ruptures between 1996 and 2013 by age
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Median age increased by 6 years for women and 7 years 
for men during the study period, and is consistent with the 
increased incidence in the older age groups. This finding is 
supported by a previous study [6] and might be due to a 
larger and more active older generation.

The median age for men was 45 and 44 years for women 
at time of acute Achilles tendon rupture, which corresponds 
to findings of earlier studies [5, 12, 19, 23]. The male-to-
female ratio was 3:1, which in comparison with the finding 
of Moller et al. and Nillius et al. [15, 16] seems rather low. 
It does, however, fit well with the pooled average male-to-
female ratio of previous incidence studies as reported by 
Vosseller et al. [25]. A lower male-to-female ratio might be 
explained by a higher degree of gender equality, leading to 
a higher incidence of sporting activity amongst the female 
population. It is still unknown why more men than women 
gain acute Achilles tendon rupture. Hormonal and biologi-
cal factors have been suggested to be involved and are a 
field of future investigation [25].

No statistically significant difference in incidence was 
found comparing rural and urban geographical areas, and 
no statistically significant change over time was found 
(Fig.  5). An active lifestyle can be found in both areas, 
and geographical setting does not seem to have an impact 
as suggested by Nyyssönen et al. [19]. In this study, urban 
geographical areas were defined as cities with more than 
80,000 citizens. A different definition might have led to a 
different result.

The highest incidence of acute Achilles tendon rup-
ture was observed during the fall with a peak incidence in 
September. This diverged from previous studies where the 
highest incidence has been reported during the spring peak-
ing in March [19, 22, 23]. A possible explanation could be 
the launch of all major sports after the summer holidays.

Incidence of surgical treatment showed a remarkable 
drop from 2009 to 2013 (Fig. 1), reducing the probability 
of surgery by half for most age groups (Fig.  6). In 2013, 
the probability of surgical treatment declined steadily with 
age from 40 % in the group of 18–30 year of age to 3 % 
for people above 70 years of age (Fig. 6). Surgery has been 
the preferred treatment for acute Achilles tendon rupture 
in most hospitals across Scandinavia over the past decade 
[1, 6, 17], but recent studies [6, 14] indicate a swift decline 
in incidence of surgery. These finding might reflect a rapid 
change in clinical practice following a range of high-qual-
ity randomized clinical trials (RCT) [18, 20, 24, 26].

This is a nationwide retrospective registry study includ-
ing the whole population of Denmark, thereby minimiz-
ing the risk of selection and confounding bias. The risk of 
information bias persists as patients can have been incor-
rectly diagnosed or registered. This risk of incorrect diag-
nose is minimal as diagnosis of acute Achilles tendon rup-
ture is an easy clinical diagnose. Also the risk of incorrect 

registration is considered minimal as medical care is free of 
charge in Denmark and all patients with an acute Achilles 
tendon rupture are expected to seek medical care and there-
fore get registered in LPR. Both private and public hospi-
tals depend on correct registration to get reimbursement.

It is a limitation of the study that we were unable to 
determine whether multiple diagnoses on the same person 
were due to readmission with the same rupture, a re-rupture 
or a new rupture on the contralateral leg.

Data concerning surgical treatment did not include date 
of surgery. As such, it was not possible to distinguish pri-
mary operations from secondary operations due to compli-
cations after an initially conservative treatment. This might 
provide a higher incidence of surgical treatment than the 
actual value and the decrease in surgical treatment might be 
underestimated.

This study has a high degree of clinical relevance as it 
documents a rapid change in clinical practice with a more 
than 50 % decline in surgical treatment for acute Achilles 
tendon rupture. Such a rapid change in clinical practice 
should lead to reflection amongst clinicians and is impor-
tant for politicians when planning healthcare resources. 
Furthermore, the increase in incidence of acute Achilles 
tendon ruptures for people above 50 does raise the question 
whether preventive measures should be applied.

Conclusions

The incidence of acute Achilles tendon rupture has 
increased from 1994 to 2013 as a result of increasing inci-
dence in the older population. There was no difference in 
incidence in rural geographical areas compared to urban 
geographical areas, and a higher incidence was reported 
during the fall with a peak in September. A steady decline 
in surgical treatment was found over the whole period, with 
a noticeable decline from 2009 to 2013, possibly reflect-
ing a rapid change in clinical practice following a range of 
high-quality RCTs.
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