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Abstract
Objective In the present study, we evaluate the intra- and interrater agreement of radiological glenohumeral OA using three
different classification systems and estimate the prevalence of radiological and clinical glenohumeral OA in patients with type 1
diabetes mellitus (DM1), for over 45 years and controls (The Dialong study).
Materials and methods We included 102 patients with DM1 (49% women, mean age, 61.9 years) and 73 controls (57% women,
mean age, 62.6 years). Anterior-posterior shoulder radiographs were interpreted by two observers applying the Kellgren–
Lawrence (K–L), Samilson–Prieto (S–P) and Samilson–Prieto Allain (S–PA) classifications.
Results The interrater agreement was moderate (weighted kappa, 0.46 to 0.48) for all classifications and the intrarater agreement
mainly substantial (0.48–0.86) for both observers. The agreed prevalence of radiological OA was 26 and 18% (OR 1.6 (0.8 to
3.3), p = 0.22, 44 and 26% (OR 2.2 (1.2 to 4.2), p = 0.02) and 30 and 17% (OR 2.1 (1.0 to 4.5), p = 0.05) for the K–L, S–P and S–
PA classifications respectively in the diabetes and control groups. The prevalence of moderate or severe radiological OA was 1 to
6% and clinical OA 1 to 2% with no difference between the groups.
Conclusion The prevalence of radiological glenohumeral OA was higher in the diabetes group with the Samilson–Prieto classification systems, but not associated with clinical OA. The interrater agreement was moderate. We recommend the Samilson–
Prieto Allain classification for glenohumeral OA to avoid interpretation of osteophytes < 1 mm as OA in patient groups with a
low pre-test likelihood of glenohumeral OA.
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Introduction
There are few studies on osteoarthritis (OA) in type 1
diabetes mellitus (DM1). A systematic review reported an
* Niels Gunnar Juel
n_gj@hotmail.com
1

Department of Endocrinology, Morbid Obesity and Preventive
Medicine, Oslo University Hospital, Oslo, Norway

2

Department of Physical Medicine and Rehabilitation, Oslo
University Hospital, Kirkeveien 166, 0407 Oslo, Norway

3

Institute of Clinical Medicine, Faculty of Medicine, University of
Oslo, Oslo, Norway

4

Clinic of Radiology and Nuclear medicine, Oslo University Hospital,
Oslo, Norway

5

The Norwegian Diabetics Center, Oslo, Norway

association between DM and OA, but did not report on
glenohumeral OA [1]. Three large studies report the prevalence of OA in the general population. A 5% prevalence is
reported [2] with the Kellgren–Lawrence classification [3]. A
17% prevalence is reported in two studies [4, 5] using the
Samilson–Prieto (S–P) classification [6]. The prevalence
seems to vary considerably with the radiological scoring system used. Several classification systems are described in the
literature [7–10]. The Samilson–Prieto, Hamada, and
Weinstein classifications are developed or adapted for evaluating the shoulder. For severe shoulder OA, the Hamada classification [9] is used regularly, but not for mild OA. The
Weinstein classification [10] is rarely used. Most other classification systems are developed for the knees or hips and focus
on reduction of the joint space [3, 6, 8]. Despite this, the
Kellgren–Lawrence classification is widely used also in evaluation of non-weightbearing joints like the hands, fingers, and
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shoulders [2, 11–13]. The Samilson–Prieto classifications are
based on the size of osteophytes and are widely used in both
general populations and those with more severe OA [4–6, 11,
14]. We wanted to evaluate and compare the most widely used
classification system (Kellgren–Lawrence, joint space based)
with classification systems adapted for the shoulder (Samilson–
Prieto and Samilson–Prieto Allain [15], osteophyte based).
The inter- and intrarater agreement of these three classifications have been investigated in several studies and are reported
to be moderate to almost perfect [5, 7, 11]. Studies in asymptomatic populations have found some degeneration to be common in the knee and the spine [16, 17], but this has not been
evaluated in the shoulder. The criteria for clinical OA is debated both in general as well as for clinical shoulder OA [18, 19].
The aims of the present study in patients with long-term
DM 1 and control were to:
1. Evaluate the inter- and intrarater agreement of the
Kellgren–Lawrence and Samilson–Prieto classifications
and the modified Samilson–Prieto classification by
Allain et al. for radiological glenohumeral OA.
2. Estimate the prevalence of radiological glenohumeral
OA
3. Estimate the prevalence of clinical OA defined as pain
and radiological OA.

Materials and methods
We conducted a cross-sectional, controlled study on patients
with type 1 diabetes for more than 45 years and a control
group without diabetes, the Dialong study.
Ethics: Informed consent was obtained from all individual
participants included in the study. All procedures performed in
studies involving human participants were in accordance with
the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki declaration
and its later amendments or comparable ethical standards.
The study obtained approval from the Regional Ethics
Committee for Medical and Health Research Ethics South–
East Norway, project no. 2014/851.
Inclusion criteria: All persons attending the Norwegian
Diabetics Center in Oslo, Norway, in 2015 having type 1
diabetes diagnosed in 1970 or earlier.
Exclusion criteria: Persons not able to cooperate in the
clinical examination due to recent trauma or severe cerebrovascular disease with upper extremity paresis.
Controls: Enrolled patients were asked to bring their
spouses or close friends as controls in the study. They had to
be free of diabetes confirmed by a current HbA1c < 6.5%.
First-degree relatives were excluded.
Descriptive data were collected through questionnaires, interviews and medical records.
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Radiological outcomes
Plain radiographs were taken in the same laboratory for all
participants according to the hospital standards [20]. We used
two standard anterior-posterior projections with maximal external and internal rotation in the glenohumeral joint. The
scapula was positioned parallel with the film and we used a
15-degree craniocaudal tilt. The following quality criteria had
to be fulfilled to accept the films:
&
&

In internal rotation, the smaller tubercle should be visible
on the medial contour of the humeral head and the glenoid
fossa had to be projected free of the humeral head.
In external rotation, the greater tubercle should be
visible as the lateral contour of the humeral head
and the glenoid fossa had to be projected free of the humeral head.

The images were stored in the hospitals picture archiving and communication system (PACS) and interpreted on
screen. Measurements were done with the PACS ruler
system.
Two experienced musculoskeletal radiologists (EM and
JCH), both with over 20 years of experience in the musculoskeletal field, evaluated the radiographs separately. They were
blinded for group affiliation and did also re-evaluate 60 randomly selected radiographs after 2 weeks. Prior to the study,
they rated 20 sets of films to achieve scoring agreement for all
classifications.
The degree of radiological OA in the glenohumeral joint
was rated in both shoulders with three different classification
systems, see details in Table 1.
1. The Kellgren–Lawrence classification [3]. The score addresses narrowing of the joint space in particular. Grade 0
and 1 is regarded as normal, grades 2–4 as OA and grades
3–4 as moderate to severe OA.
2. The Samilson–Prieto classification [6] was originally developed for evaluating dislocation arthropathy and is
based on the size of the inferior humeral or glenoid
osteophytes. Grade 1 to 3 is regarded as OA and grade 2
and 3 as moderate to severe OA.
3. The modified Samilson–Prieto classification by Allain
et al. [15] focuses mainly on osteophytes on the humeral
head. Grade 1 to 4 is regarded as OA and grade 2 to 4 as
moderate to severe OA.
The prevalence of OA is presented as the percentage of
persons having OA regardless of having one or two shoulders
with OA because the two shoulders are regarded as dependent
variables. To estimate the prevalence, agreement was reached
in a consensus meeting when the observers had divergent
interpretations. The odds ratio for having OA is reported for
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numbers (%). The prevalence of OA is presented in percent.
The risk for having OA was calculated with Pearson’s Chisquare test and presented as odds ratio (OR) with 95% confidence intervals (95% CI) and p value.
The inter- and intratester agreements were assessed by calculation of weighted Cohen’s kappa (Kw) values with 95% CI
in all shoulders independent of group. The kappa values
were interpreted as: none to slight (0–0.20), fair (0.21–
0.40), moderate (0.41–0.60), substantial (0.61–0.80), and
almost perfect (0.81–1.00) [25]. We used the statistical package IBM SPSS version 23 (IBM SPSS Inc., Armonk, NY:
IBM Corp.).

the diabetes group compared to the control group for all
classifications.
We found no recommendations for the diagnosis of clinical
glenohumeral OA. The presence of symptoms as pain and
stiffness along with radiographic OA seems to be the most
commonly used general definition [18, 19, 21, 22]. The symptom stiffness was not included in our criteria for clinical OA.
We required a combination of pain > 2 on a numeric rating
scale scored from 0 to 10 (worst possible pain) experienced
last week or experienced during active abduction on clinical
examination together with radiographic OA to be diagnostic
of clinical OA. Persons with reduced passive shoulder
motion in external rotation and one more direction of at
least 30 degrees together with shoulder pain was diagnosed
with frozen shoulder independent of having mild radiological
OA (Kellgren–Lawrence grade 0–2, Samilson–Prieto and
Samilson–Prieto Allain grade 0–1) [23].

Results
A total of 136 persons with type 1 diabetes for 45 years or
more were registered at the Norwegian Diabetics Center in
2015. All patients were asked to participate in the study and
105 accepted. Three did not attend the examination because of
illness. One hundred and two patients from the register (77%),
median (range) age 61 (49–77) years, were examined together
with 73 persons without diabetes, age 62 (50–81) years. The
median duration of diabetes was 49 (45–67) years. There were
no significant demographical differences between the groups
(Table 2).

Statistical methods
Based on the power analysis (type I error 5%, type II error
90%, expected prevalence in the diabetes group of 35% and
the control group 10% [24]), we needed 38 participants in
each group to detect a significant difference in the prevalence
of glenohumeral OA. Clinical characteristics are presented as
means with standard deviation (SD), medians with range or

Table 1

Definitions of the grading in the three used classification systems

Classification

Grade

1

Joint space

2
Slight narrowing

3
Distinct
narrowing

4

Bone cysts,
sclerosis

Severe structural
disorder of joint

Kellgren-Lawrence Osteophyte
Other

Samilson-Prieto

Joint space
Osteophyte,
inferior
humeral or
glenoid
Other

Humeral > 3
mm

Slight irregularity

Narrowing

Humeral or
glenoid 3 to 7 mm

Humeral or
glenoid > 7 mm
Sclerosis

Joint space
Samilson-Prieto
Allain

Osteophyte,
inferior
glenohumeral

Narrowing
1 to 3 mm

4 to 7 mm

> 7 mm
Subchondral
sclerosis

Other

Moderate to severe OA
Criteria for moderate and severe OA in gray (Kellgren–Lawrence grade 3 and 4, Samilson–Prieto grade 2 and 3, Samilson–Prieto Allain grade 2, 3, and 4
classifications, respectively)
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Table 2 Demographic data and
comorbidity

p value

Diabetes group

Control group

n = 102

n = 73

Age, median, range, years
Females, n (%)

61, 49–77
50 (49.0)

62, 50–81
41 (56.9)

0.4
0.4

Duration of diabetes, median, range, years
HbA1c, mean (SD), %

49, 45–67
7.44 (0.79)
26.2 (4.0)

5.48 (0.28)
25.8 (4.3)

< 0.001
0.5

91.7 (13.0)

89.8 (13.1)

0.3

Current smoker
Past smoker

5 (4.9)
39 (38.2)

8 (11.0)
26 (35.6)

0.3

Never smoked

57(56.0)

39 (54.0)

54 (74.0)

63 (61.8)

0.1

1 (1.0)
3 (2.9)
0

0
5 (6.8)
4 (5.5)

0.4
0.2
0.04

BMI, mean (SD) kg/m2
Waist circumference, mean (SD), cm
Smoking, n (%)

Education level
College or higher, n (%)
Comorbidity, n (%)*
Rheumatoid arthritis
Polyosteoarthritis
Psoriasis arthritis

*The history of rheumatic disease was checked for in the Norwegian Diabetics Center files and interview

The interrater agreements were moderate for all three classifications (Table 3). Within-group analysis showed substantial interrater agreements in the control group for both
Samilson–Prieto classifications versus fair in the diabetes
group.
The intrarater agreements (Kw) was moderate to almost
perfect for the Kellgren–Lawrence (0.56 to 0.86) and the
Samilson–Prieto Allain (0.63 to 0.85), but moderate for the
Samilson–Prieto classification (0.48 to 0.69).
The prevalence of radiological OA for the three classification systems after consensus is shown in Table 4.
The prevalence of moderate to severe OA was two to 5
% in the diabetes group and one to 6 % in the control
group.
The odds ratio for having OA was higher in the diabetes
group with the Samilson–Prieto and Samilson–Prieto Allain
classifications but not the Kellgren–Lawrence classification.
For moderate to severe OA, there were no significant differences between the groups (Table 4).

Table 3

Inter-rater agreement

Classification

Weighted kappa (95% CI)

Kellgren–Lawrence
Samilson–Prieto
Samilson–Prieto Allain

0.46 (0.37 to 0.55)
0.48 (0.39 to 0.57)
0.46 (0.33 to 0.58)

Inter-rater agreement for the complete cohort for 350 separate shoulders
images

Nine persons were diagnosed with frozen shoulder and
radiological OA. Their radiographs were interpreted as grade
2 or lower for the Kellgren–Lawrence classification and grade
1 or 0 for the Samilson–Prieto for the Samilson–Prieto Allain
classifications.
Fifty-eight out of 175 (33%) subjects experienced shoulder
pain and 14 of these had radiological OA. In the pain-free
group, 25 out of 117 (21%) subjects had radiological OA,
OR 1.1 (0.5 to 2.4), p = 0.9. The odds ratio for having clinical
OA was not significantly different for any of the classification
systems between the diabetes and control groups (Table 5).
Two or three patients were classified as having moderate or
severe clinical OA, respectively.

Discussion
Agreement
The interrater agreement in the present study was moderate
and almost equal for all classifications. The moderate agreement was somewhat surprising with two very experienced
observers who also went through an agreement session for
interpretation of the classifications prior to the study. The
Kellgren–Lawrence classification was developed for knee
and hip OA and has been criticized as being inappropriate
for the non-weight-bearing glenohumeral joint due to the difficulty in classifying the minor joint space narrowing required
for grade 2 OA [7, 11]. No exact measure for the assessment of
the narrowing is given and the evaluation is thus subjective. In
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Table 4 Prevalence of
radiological glenohumeral
osteoarthrosis
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Classification

Diabetes

Control

OR (95% CI)

p value

Kellgren–Lawrence
K–L grade 3–4

26 (27)
2 (2)

18 (13)
1 (1)

1.6 (0.8 to 3.3)

0.22
ns

Samilson–Prieto

44 (46)

26 (19)

2.2 (1.2 to 4.2)

0.02

S–P grade 2–3
Samilson–Prieto Allain

5 (5)
30 (31)

6 (4)
17 (12)

2.1 (1.0 to 4.5)

ns
0.05

4 (4)

4 (3)

S–PA grade 2–4

ns

The prevalence of persons with OA in one or both shoulders after agreement between two observers in % (n
persons). Shown for all persons and for persons with moderate or severe radiological OA in all classifications

line with our findings an age-related joint space narrowing is
also reported [26], which hampers the evaluation of the joint
space further in older populations.
Small osteophytes may be difficult to recognize and differentiate due to the possible variations in the angle of the radiographic tube even with strict image standardization as in the
present study [27]. Zero to 20 degrees external rotation of the
glenohumeral joint during imaging is shown to reduce
intertester agreement, which also increases the likelihood for
misinterpretation of small osteophytes [14]. Our findings of
lower intertester agreement in the diabetes group, which had
significantly less external shoulder rotation than the control
group, is in keeping with this [23].
The intrarater agreements were substantial for both observers and all classifications. This is in line with an earlier
report from a general population [5].
Both the inter- and intrarater agreement in the present study
were lower than in a surgical population [7], which may reflect
better interrater agreement in populations with more severe
radiological OA.

Prevalence of radiological OA
In the present study, we found a significant higher prevalence
of radiological OA in the diabetes group than in the control
group using the osteophyte based Samilson–Prieto and
Samilson–Prieto Allain classifications. The difference was
not significant with the Kellgren–Lawrence classification,
which is based on changes in the joint space. The prevalence
was 50% higher with the original Samilson–Prieto classification compared to the Samilson–Prieto Allain classification.
The difference is most likely due to the delimitation of 1 mm
Table 5 Prevalence of clinical
glenohumeral osteoarthrosis

osteophyte size regarded as normal in the Samilson–Prieto
Allain classification. Small osteophytes are difficult to distinguish from the normal humeral and glenoid edges and should
not be considered pathological.
We have recently reported the prevalence of radiological
OA in this cohort to be 35% in the diabetes group and 14% in
controls using the Kellgren–Lawrence classification [24] corresponding to 26% and 18% in the present study. The difference in prevalence is most likely due to the agreed prevalence
obtained with two observers in the present study while only
one observer was available in the previous study. The
interrater agreement obtained for the Kellgren–Lawrence classification in the present study was moderate and underlines the
pitfalls of using one observer only. For the Kellgren–
Lawrence classification, a 5% prevalence was found in a
community-dwelling Korean population [2]. They did not report the imaging procedure. The lower prevalence compared
to our study may be related to a systematically lowered scoring due to one or more of the following factors: only one
observer, ethnicity, physical workload and a higher mean
age in the Korean study, as well as selection bias due to the
relatively small sample size in the present study [28].
For the Samilson–Prieto classification, the observed 26%
prevalence in the control group in the present study is higher
than the 16% and 17% prevalence reported in previous studies
in the general population [4, 5]. Both previous studies used
observations from one observer only and the difference may
be affected by several factors such as: ethnicity, workload, and
age and detecting and grading small osteophytes [14, 27] as
well as selection bias linked to our control group.
The prevalence of moderate and severe radiological OA
was low in both the diabetes and control group for all

Clinical OA

Diabetes

Control

OR (95% CI)

p value

Kellgren–Lawrence
Samilson–Prieto
Samilson–Prieto Allain

6 (6)
9 (9)
7 (7)

3 (2)
4 (3)
3 (2)

2.2 (0.4 to 11.0)
2.2 (0.6 to 8.4)
2.6 (0.5 to 12.7)

0.34
0.24
0.52

Clinical OA defined as radiological OA and pain. The prevalence in % (n) of persons with OA in one or both
shoulders after agreement between two observers
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classifications in the present study, still the prevalence varied
from 2 to 5% in DM1 and from 1 to 6% in controls depending
on the classification system applied. The 4 to 6% prevalence
observed with the Samilson–Prieto and Samilson–Prieto
Allain classifications are comparable to the prevalence in a
Japanese population using the Samilson–Prieto classification
[5, 7].

3.
4.

5.

Clinical glenohumeral OA
Clinical glenohumeral OA was diagnosed is shoulders with
both pain and radiological glenohumeral OA without frozen
shoulder, in 5 to 7% of the persons in the complete cohort.
There was no significant difference in odds ratio between the
diabetes and control group. To our knowledge, no comparable
studies reporting clinical OA in the glenohumeral joint are
available.

Limitations

6.
7.

8.

9.

The relatively small number of participants and the moderate
inter-rater agreement limits the confidence in the reported diagnostic prevalence for moderate and severe OA.

10.

Conclusions

12.

Interrater agreement was moderate for all three classification
systems. The prevalence of mild radiological OA was higher
in the diabetes group with the osteophyte-based Samilson–
Prieto classification systems but not associated with clinical
glenohumeral OA. Moderate and severe radiological and clinical glenohumeral OA was rare. We recommend the use of the
Samilson–Prieto Allain classification to avoid the interpretation of osteophytes < 1 mm as OA in patient groups with a low
pre-test likelihood of glenohumeral OA.
Acknowledgements The authors would like to acknowledge the staff at
the radiological department for all essential help in making this manuscript possible.

Compliance with ethical standards

11.

13.

14.

15.

16.

17.

Competing interest The authors declare that they have no conflicts of
interest.
18.

References
1.

2.

Louati K, Vidal C, Berenbaum F, Sellam J. Association between
diabetes mellitus and osteoarthritis: systematic literature review and
meta-analysis. RMD Open. 2015;1(1):e000077.
Cho HJ, Morey V, Kang JY, Kim KW, Kim TK. Prevalence and risk
factors of spine, shoulder, hand, hip, and knee osteoarthritis in

19.

20.

community-dwelling Koreans older than age 65 years. Clin
Orthop Relat Res. 2015;473(10):3307–14.
Kellgren JH, Lawrence JS. Radiological assessment of osteo-arthrosis. Ann Rheum Dis. 1957;16(4):494–502.
Oh JH, Chung SW, Oh CH, Kim SH, Park SJ, Kim KW, et al. The
prevalence of shoulder osteoarthritis in the elderly Korean population: association with risk factors and function. J Shoulder Elb Surg.
2011;20(5):756–63.
Kobayashi T, Takagishi K, Shitara H, Ichinose T, Shimoyama D,
Yamamoto A, et al. Prevalence of and risk factors for shoulder
osteoarthritis in Japanese middle-aged and elderly populations. J
Shoulder Elb Surg. 2014;23(5):613–9.
Samilson RL, Prieto V. Dislocation arthropathy of the shoulder. J
Bone Joint Surg Am. 1983;65(4):456–60.
Elsharkawi M, Cakir B, Reichel H, Kappe T. Reliability of radiologic glenohumeral osteoarthritis classifications. J Shoulder Elb
Surg. 2013;22(8):1063–7.
Petersson IF, Boegard T, Saxne T, Silman AJ, Svensson B.
Radiographic osteoarthritis of the knee classified by the Ahlback
and Kellgren & Lawrence systems for the tibiofemoral joint in
people aged 35-54 years with chronic knee pain. Ann Rheum
Dis. 1997;56(8):493–6.
Hamada K, Yamanaka K, Uchiyama Y, Mikasa T, Mikasa M. A
radiographic classification of massive rotator cuff tear arthritis. Clin
Orthop Relat Res. 2011;469(9):2452–60.
Weinstein DM, Bucchieri JS, Pollock RG, Flatow EL, Bigliani LU.
Arthroscopic debridement of the shoulder for osteoarthritis.
Arthroscopy. 2000;16(5):471–6.
Brox JI, Lereim P, Merckoll E, Finnanger AM. Radiographic classification of glenohumeral arthrosis. Acta Orthop Scand.
2003;74(2):186–9.
Magnusson K, Bech Holte K, Juel NG, Brox JI, Hagen KB, Haugen
IK, et al. Long-term type 1 diabetes is associated with hand pain,
disability and stiffness but not with structural hand osteoarthritis
features - the Dialong hand study. PLoS One. 2017;12(5):
e0177118.
Magnusson K, Slatkowsky-Christensen B, van der Heijde D, Kvien
TK, Hagen KB, Haugen IK. Body mass index and progressive hand
osteoarthritis: Data from the Oslo hand osteoarthritis cohort. Scand
J Rheumatol. 2015;44(4):331–6.
Ilg A, Bankes MJ, Emery RJ. The intra- and inter-observer reliability of the Samilson and Prieto grading system of glenohumeral
arthropathy. Knee Surg Sports Traumatol Arthrosc. 2001;9(3):
187–90.
Allain J, Goutallier D, Glorion C. Long-term results of the Latarjet
procedure for the treatment of anterior instability of the shoulder. J
Bone Joint Surg Am. 1998;80(6):841–52.
Englund M, Guermazi A, Gale D, Hunter DJ, Aliabadi P, Clancy M,
et al. Incidental meniscal findings on knee MRI in middle-aged and
elderly persons. N Engl J Med. 2008;359(11):1108–15.
Brinjikji W, Diehn FE, Jarvik JG, Carr CM, Kallmes DF, Murad
MH, et al. MRI findings of disc degeneration are more prevalent in
adults with low back pain than in asymptomatic controls: A systematic review and meta-analysis. AJNR Am J Neuroradiol.
2015;36(12):2394–9.
Altman R, Asch E, Bloch D, Bole G, Borenstein D, Brandt K, et al.
Development of criteria for the classification and reporting of osteoarthritis. Classification of osteoarthritis of the knee. Diagnostic and
therapeutic criteria Committee of the American Rheumatism
Association. Arthritis Rheum. 1986;29(8):1039–49.
Zhang W, Doherty M, Peat G, Bierma-Zeinstra MA, Arden NK,
Bresnihan B, et al. EULAR evidence-based recommendations for
the diagnosis of knee osteoarthritis. Ann Rheum Dis. 2010;69(3):
483–9.
Bontrager KL, Lampignano J. Bontrager’s handbook of radiographic positioning and techniques. 8th ed. St. Louis: Mosby; 2013.

Skeletal Radiol (2018) 47:1245–1251
21.

Kiadaliri AA, Lamm CJ, de Verdier MG, Engstrom G, Turkiewicz
A, Lohmander LS, et al. Association of knee pain and different
definitions of knee osteoarthritis with health-related quality of life:
a population-based cohort study in southern Sweden. Health Qual
Life Outcomes. 2016;14(1):121.
22. Zhang Y, Jordan JM. Epidemiology of osteoarthritis. Clin Geriatr
Med. 2010;26(3):355–69.
23. Juel NG, Brox JI, Brunborg C, Holte KB, Berg TJ. Very high
prevalence of frozen shoulder in patients with type 1 diabetes of
>/=45 years' duration: the Dialong shoulder study. Arch Phys Med
Rehabil. 2017;98(8):1551–9.
24. Juel NG, Brox JI, Hellund JC, Holte KB, Berg TJ. The prevalence
of radiological glenohumeral osteoarthritis in long-term type 1 diabetes: the Dialong shoulder study. Scand J Rheumatol. 2017:1–6.

1251
25.
26.

27.

28.

McHugh ML. Interrater reliability: the kappa statistic. Biochem
Med. 2012;22(3):276–82.
Kircher J, Kuerner K, Morhard M, Krauspe R, Habermeyer P. Agerelated joint space narrowing independent of the development of
osteoarthritis of the shoulder. Int J Shoulder Surg. 2014;8(4):95–
100.
Hayashi D, Xu L, Gusenburg J, Roemer FW, Hunter DJ, Li L, et al.
Reliability of semiquantitative assessment of osteophytes and
subchondral cysts on tomosynthesis images by radiologists with
different levels of expertise. Diagn Interv Radiol. 2014;20(4):
353–9.
King KB, Rosenthal AK. The adverse effects of diabetes on osteoarthritis: update on clinical evidence and molecular mechanisms.
Osteoarthr Cartil. 2015;23(6):841–50.

