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Abstract

Purpose and hypothesis Shoulder lesions are common and
a challenge to diagnose. They often result in significant dis-
ability for the patient and are an economic burden to soci-
ety. From recent studies, an increasing incidence has been
reported. The purpose of this study was to investigate and
map the incidence of shoulder lesions in Denmark from
1996 to 2013 with focus on sex, age and geographical area.
Methods The Danish National Patient Registry was
searched retrospectively to find the number of shoulder
lesions in Denmark during the period 1996-2013. Regional
population data were retrieved from the services of Statis-
tics Denmark. Incidence rates were analysed using Poisson
regression models, and all analyses were done in R 3.2.2,
and p values less than 0.05 were considered statistically
significant.

Results During the 18-year period, 244,519 patients with
a DM 75 diagnosis were registered. Male-to-female ratio
was 51:49, and median age was 51. Most frequent were
rotator cuff syndrome with a mean incidence rate of 313.3
(confidence interval 241.8-384.8) per 10° person-years at
risk (PYRS). A statistically significant increase in overall
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incidence rate from 149.4 per 10° PYRS in 1996 to 715.3
per 10° PYRS in 2013 was found (p < 0.01). Incidence
was highest for men aged 51-70 (1085.1 per 10° PYRS
in 2013). There was no significant difference in incidence
between sexes. Rural areas had a 1.4-fold higher mean inci-
dence rate than urban areas.

Conclusion The incidence of shoulder lesions rapidly
increased mainly due to an increase among people of work-
ing age (31-70 years). There were no significant differ-
ences in incidence between sexes. Rural areas had a 1.4-
fold higher incidence rate than urban areas. As shoulder
lesions impose a huge socioeconomic burden on society,
not to mention a great distress to the patient, the present
findings is highly relevant for political decision-making
regarding preventive and health promoting initiatives.

Keywords Shoulder lesions - Rotator cuff - Impingement -
Frozen shoulder - Incidence - Epidemiology

Introduction

Shoulder lesions are common and potentially debilitating.
They constitute a high societal cost and occupational bur-
den for workers [17]. The lesions are challenging to diag-
nose with a lack of clearly defined diagnostic criteria just as
there is little overall evidence to guide treatment [21, 27].
The incidence of shoulder complaints in general practice
varies and has been reported to be 9.5-14.2/1000 patients/
year with rotator cuff-related disease being the most fre-
quent [15, 29]. Shoulder problems account for 2.4% of all
general practitioner consultations in the UK [8], and 4.5
million visit to the physicians annually in the USA [17]. It
seems that the trend is raising, but little is known on the
subject and most studies lack information on impact of sex,
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age and geographical variation, just as the course of treat-
ment and treatment efficacy is unclear [1, 28].

Shoulder lesions include the diagnoses: adhesive cap-
sulitis (i.e. “frozen shoulder”), rotator cuff syndrome,
impingement, bursitis, bicipital tendonitis and calcific ten-
donitis, all belonging to the WHO ICD-10 category DM75.
It is estimated that 65-70% of all shoulder lesions are due
to rotator cuff disease [23] which has been regarded as a
continuum that range from inflammation and impingement
to full-thickness tears [12]. It will for the rest of the paper
be called rotator cuff syndrome. There have been described
intrinsic and extrinsic mechanisms of development [22],
and age is a significant risk factor [6]. The cause of bicipi-
tal tendonitis is most often a secondary process related to
continuing shoulder inflammation [10]. Calcifying tendo-
nitis of the shoulder is usually a self-limiting disease, and
the relationship between pain, calcific deposit and rotator
cuff tears has not yet been fully understood [3, 25]. Adhe-
sive capsulitis is a painful disease with a clinical presenta-
tion in three or four overlapping phases [13, 18] with a total
duration of months to several years. It can be either primary
(idiopathic) or secondary to, for example, trauma, surgery,
rotator cuff syndrome or diabetes. Majority of patients are
female, aged from 40 to 60 years [13, 19].

The purpose of this study was to investigate and map
the incidence of degenerative rotator cuff-related shoulder
lesions in Denmark from 1996 to 2013 with focus on sex,
age, geographical area and type of hospital.

The hypothesis is that incidence is increasing and that
mapping the incidence will aid political decision makers to
identify areas of further investigation as a first step in pre-
ventive matters. To our knowledge, no previous study has
examined all lesions comparative. We report national data
from an 18-year period.

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 Statis-
tics Denmark.

Data acquisition

In Denmark, when patients seek medical care in the hos-
pitals (both emergency room/walk-in consultation/hospi-
talized and whether in private or public hospital), they are
registered with their unique person identifier, the social
security number. At the end of treatment, a diagnosis is
given. Danish legislation imposes hospitals to report data
from all patient contacts to the Danish National Patient

Register. From 1994, registration has been performed using
the ICD-10 classification system.

The Danish National Patient Register was searched from
1 January 1996 to 31 December 2013. For patients regis-
tered under the ICD-10 code for shoulder lesions (DM 75),
the following information was extracted: sex, age, munici-
pality and type of hospital (public or private). National
population data concerning sex, age and geographical pop-
ulation density were retained from the services of Statistics
Denmark from 1996 to 2013 [26].

Included diagnose codes

Data were sorted according to the hierarchy of the ICD-10
coding system. The shoulder lesions were examined in the
following groups: DM 75.0 (frozen shoulder), DM 75.1-
DM 75.5 (rotator cuff syndrome: tear, tendinitis, impinge-
ment and bursitis) and finally DM 75.8-DM 75.9 (other/
unspecified lesions). If a patient had both a specific diag-
nosis (i.e. DM 75.0-DM 75.5) and an unspecific diagnosis
(DM 75, DM 75.8 or DM 75.9), only the specific diagnosis
was included in the analyses. If a patient had more than one
specific diagnosis, both were registered.

Interpretation of registered codes

To avoid overestimation of the incidence rates, a cut-off
point of 180 days was established. Thus, if a patient was
registered with a new diagnosis less than 180 days from a
closed patient contact, the diagnosis was considered part of
the already known course of disease and therefore not reg-
istered as a new event in the dataset. On the other hand,
if a patient was registered with a new diagnosis more than
180 days from closed contact, it was considered evidence
of a new shoulder lesion and would therefore be registered
as a new lesion in the dataset.

Geographical area was defined as urban for municipali-
ties with population of at least 80,000 in 2005 (the cities of
Copenhagen, Aarhus, Odense, Aalborg, Frederiksberg and
Esbjerg). All other areas were considered rural.

The study was approved by the Danish Data Protection
Agency. According to Danish legislation, no IRB approval
was needed, as the study is a retrospective registry study.

Statistical analysis

The primary outcome variable was the incidence of shoul-
der lesions. The incidence rate was calculated as the num-
ber of injuries divided by the person-years at risk (PYRS).
The PYRS was defined as the sum of years people were at
risk of having an incidence within each year. If persons did
not die within the year, they contributed a year, and because
of lack of exact death dates for the background population,
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it was assumed that if a person died at some point during
that year, they contributed half a year.

Change in incidence rates was analysed using Poisson
regression models. Models were fitted either with intercept
only to estimate average incidence rates within the period
1996-2013 or with period variable to estimate average
yearly change in incidence rates. Models also included age
and sex grouping variables as well as geographical vari-
ables to estimate group specific incidence rates. Separate
models for all diagnoses; rotator cuff and frozen shoulder
were fitted.

Results were considered statistically significant if p val-
ues were less than 0.05, and all analysis was done using
R 3.2.2. (R Foundation for Statistical Computing, Vienna,
Austria).

Results

During the 18-year study period, 244,519 patients were reg-
istered with a DM 75 diagnosis, 51% male (N = 124,310)
and 49% female (N = 120,209). Male-to-female ratio

was 51:49. Median age was 51. The 244,519 patients
had 303,077 unique contacts with the hospitals. Of these,
198,906 of the patients had one unique course of disease
while 45,613 patients were registered with two or more
courses of disease (Table 1). In total, 29,509 of the patients
had a course of disease registered with a double diagnose
(both rotator cuff syndrome and frozen shoulder). A statis-
tically significant increase in overall incidence rate from
149.4 per 10° PYRS in 1996 to 715.3 per 10° PYRS in
2013 was found (p < 0.01) (Fig. 1). Incidence for men was
143.2 per 10° PYRS in 1996, which rose to 745.6 per 10°
PYRS in 2013. Men aged 51-70 had the highest incidence
with 1085.1 per 10° PYRS in 2013 while mean incidence
for men was 413.5 per 10° PYRS (confidence interval (CI),
318.8-508.2 per 10° PYRS). Women had an incidence of
155.3 per 10° PYRS in 1996, which rose to 686 per 10°
PYRS in 2013. Mean incidence for women was 387.0
per 10° PYRS (CI 299.2-474.9 per 10° PYRS) (Fig. 1).
Most frequent for both sexes was rotator cuff syndrome
with a mean incidence rate of 313.3 (CI 241.8-384.8)
per 10° PYRS (Fig. 2). The incidence of rotator cuff syn-
drome showed a statistically significant increase of 465%

Table 1 Distribution of patients

in the dataset Number of patients

Number of contacts 1

198,906

35,628 7731 1717 401 106 28
2 3 4 5 6 7 8 9

The number of patients having one, two, three or more courses of disease. A new course of disease was
defined by a new patient contact >180 days from the last closed patient contact
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Fig. 1 Development of shoulder lesions. Incidence in shoulder lesions per 10° PYRS by age, showed for men and women for the Danish popu-

lation from 1996 to 2013
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Fig. 2 Development of rotator cuff syndrome. Incidence in rotator cuff syndrome per 10° PYRS by age, showed for men and women for the

Danish population from 1996 to 2013

(p < 0.01) in the study period. The incidence of frozen
shoulder showed a statistically significant increase of 411%
(p < 0.01) in the study period as well, for both men and
women (Fig. 3). In 1996, incidences were 23.7 and 27.7
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per 10° PYRS, respectively, while the rates had increased
to 105.7 and 101.6 per 10° PYRS, respectively, in 2013,
giving mean incidence rates of 68.0 per 10° PYRS (CI
53.7-82.3) for male and 64.1 per 10° PYRS (CI 50.7-77.4)
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Fig. 3 Development of frozen shoulder. Incidence in frozen shoulder per 10° PYRS by age, showed for men and women for the Danish popula-

tion from 1996 to 2013
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for female. The higher incidence rate for men in 2013 was
driven by an increase in the age group 51-70 (Fig. 3).

Geographical distribution of shoulder lesions changed
over the study period (Fig. 4). In 1996, incidence was high-
est in the urban areas with 196 against 130 per 10° PYRS
in rural areas. In 2013, the incidences had changed giving
rural areas a 1.4-fold higher incidence of 774 against 561
per 10° PYRS in urban areas. Mean incidence rates were
326.1 (CI 262.5-389.7) and 426.0 (CI 324.1-527.9) for
urban areas and rural areas, respectively. A statistically sig-
nificant increase in incidence rate (p < 0.01) was found for
both urban and rural areas (Fig. 4). The increase in inci-
dence was greater in rural areas compared to urban (580%
vs. 285%), and the increase was greatest for the elderly
with a 717% increase in incidence for +71-year-olds in the
rural areas.

Discussion

The most important findings of this study were the dis-
covery of a dramatic surge in overall incidence rate in all
diagnoses investigated mainly due to an increase in the age
group 31-50 and 51-70 for both men and women, with
men having the highest incidences. The predilection of
shoulder lesions for people of working age is well known
[5, 6], and our findings are consistent with this.

A recent study of impingement in an active duty US
military population from 1999 to 2008 also found high
incidence rates of 777 per 10° PYRS and an increasing

incidence with age >40 [6]. Another study of patients with
shoulder complaints in general practice found an incidence
rate of 950 per 10° PYRS [15]. Thus, the incidence found
in this study is on a par with what is reported elsewhere.

An explanation for the dramatic surge in incidence of
shoulder lesions could reflect earlier underreporting, per-
haps in combination with a greater focus on the disease
due to easier accessibility to MRI and ultrasound which
in the period investigated became more and more widely
used. Some of the increase may be correlated with an
increase in diagnostic possibilities. Also increasing pain
awareness in present years could contribute to the ris-
ing incidence. However, if this was the case, one would
expect to find the same increase within other frequent
health complaints such as chronic back pain. A Danish
report from 2007 concluded that the number of patients
with back pain was constant (11-13%) in the years 1987—
2000 after which the number increased up to 15% in 2005
[9]. A study from Austria investigated the prevalence of
back pain throughout three decades based on national
health surveys. They found a similar increase in preva-
lence in the period investigated with the highest preva-
lence of 32.9% reported in 2006/2007 [4]. An assumption
is that a rise in shoulder and back pain both could reflect
an increasing pain awareness and a growing willingness
to report pain symptoms, thus leading to increasing num-
ber of patients receiving an actual diagnose. In the present
study, however, we found the incidence of rotator cuff
syndrome and frozen shoulder to increase with 465% and
441%, respectively, and a raise in pain awareness can only
account for a small part of this.
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Fig. 4 Geographical distribution. Incidence of shoulder lesions per 10° PYRS by geographical area for the Danish population from 1996 to 2013
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Another explanation for the dramatic surge in shoul-
der lesions could be a change in work patterns and work-
related problems. There is an agreement that work relating
to heavy lifting, awkward postures and work with vibra-
tion or repetition increase the risk of developing shoulder
lesions [11, 23, 24]. But also psychosocial factors seem to
play a role [23, 24], and as such, it is difficult to assess the
influence of type of work on the risk of developing work-
related shoulder lesions. In the study period, the percentage
of people working with traditional heavy shoulder-loading
work in the building and construction industry did not
increase [26], and therefore, it is unlikely that this is a con-
tributing factor to the increasing incidence.

It is safe to assume that work involving computer and
repetitive “mouse movements” has increased, even though
no exact data can be extracted. A study from 2001 linked,
among other things, unspecific shoulder pain to computer
workers [16], but to our knowledge no study has examined
a link between computer use and specific shoulder lesions.
It requires further investigation to determine whether a link
exists between computer use and shoulder lesions, and if
so, it calls for preventive measures as computer use is a
permanent part of a modern working life.

Incidence in the rural areas was found to be higher com-
pared to urban areas in 2013. Strangely, overall incidence
was highest in the cities in 1996. An explanation for this
shift could be that new treatment algorithms and diagnoses
gain acceptance in the cities first where the level of infor-
mation is expected to be highest. Also, the shift could relate
to manual labour, though there was not an increase in the
study period; perhaps, the factories have moved out from
the cities to the rural areas, leaving a higher proportion of
manual labour in rural areas.

A contributing explanation for the drastic increase in
incidence could be that some patients were counted more
than once in the analyses. As described, patients were reg-
istered with all DM 75 sub-diagnoses, and thus, if a patient
was thought to suffer from more than one condition, he/she
would have more than one equal weighing diagnosis. In
total, 29,509 patients had >1 diagnosis and were therefore
counted more than once in the overall analysis of shoulder
lesions. They were, however, only counted once in the anal-
yses of rotator cuff syndrome and frozen shoulder. Only
12% of the patient population were registered like this and
cannot account for an increase in incidence from 1996 to
2013 of several hundred per cent. Patients, who were cured
for their complaints but returned more than 180 days after
with a new complaint, were also counted twice in the
incidence calculations. In total, 35,628 patients had two
courses of disease and 9985 had more than two courses
of disease. They account for less than 20% of the popula-
tion, and again they cannot explain the dramatic increase in
incidence.

The above-mentioned factors could contribute and
partly explain an increasing incidence, but they cannot
immediately account for the dramatic surge seen in the
study period though computer work might play a greater
role in development of shoulder lesions than previously
assumed. Though the incidence is increasing, we know
little of the impact on socioeconomic aspects since a
diagnosis does not take severity of the disease into con-
sideration. It calls for attention and further investigation
in aetiology, consequences and preventive measures.

Frozen shoulder affected slightly more males than
females in 2013, primarily due to an increase in inci-
dence for men aged 51-70. The mean incidence rate was
higher than elsewhere described [18]. A study of long-
term outcome of frozen shoulders examined 269 patients
and found women to be more affected than men (male-to-
female ratio: 1.6:1.0) [5], but this does not seem to be the
case in our nationwide cohort. It is known that there is a
correlation with frozen shoulder and diabetes [7], and in
the study period, the incidence of patients with diabetes
doubled [2].

Since this study was a retrospective register study, it
was inherently subject to the strengths and weaknesses
of such. Denmark is an optimal setting for a nationwide
epidemiological study and the Danish National Patient
Register allows for acquisition of huge amount of data
and a unique possibility to track a nationwide cohort
over a long period [20]. Studies examining the validity
of Danish National Patient Register has shown that the
highest validity of the primary diagnose code is found in
the orthopaedic coding with a positive predictive value of
83-89% [14].

However, it also imposes some serious limitations, as
there is a risk of patients being incorrectly diagnosed hence
being incorrectly registered and thus results in over- or
underestimation. In the Danish National Patient Regis-
ter, only data regarding age, gender, geographical loca-
tion and type of hospital treated were retrievable, leav-
ing no opportunity to access journals or previous scans
among other things. This makes the present study vul-
nerable for confounders. The study was designed with a
cut-off of 180 days from closed patient-hospital contact
with >180 days marking a new event and thus a new reg-
istration. One can argue that a cut-off of >180 days is too
narrow, having the lesions nature of protracted course of
disease in mind, thus resulting in a new registration of the
same lesion leading to an artificially high incidence rate.
However, less than 20% of the patients had more than one
course of disease over an 18-year long period, and thus,
double registrations do not represent a big problem.

In regard to patients with degenerative shoulder lesions
as a whole and for political decision makers, the findings of
this study are highly relevant as a sevenfold increase in any
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disease calls for further analyses of the magnitude of the
problem in order to explain and possibly prevent it. With
this study, it is our hope that we have aided this process.

Conclusion

The incidence of degenerative shoulder lesions increased
dramatically in the years 19962013 primarily due to an
increase among people of working age (31-70 years) for
both men and women. Incidences were higher in rural areas
compared to urban. As shoulder lesions impose a huge
socioeconomic burden on society, the present findings call
for further investigations in aetiology, consequences and
preventive measures.
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