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Factors affecting the onset
and progression of rotator cuff
tears in the general population
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While previous studies have revealed factors affecting the progression of rotator cuff tear (RCT), none
have yet described factors affecting its onset. The purpose of this longitudinal observational study
was to analyze factors affecting the RCT onset and progression in the general population. The present
study included 185 shoulders from 93 participants who completed all the examinations in both 2012
and 2017. Participants received a questionnaire with age, gender, arm dominance, and presence of
pain at rest, in motion, and at night. The range of motion (ROM), simple shoulder test (SST) were also
examined. Anteroposterior radiograph of the shoulder joint was performed to evaluate the degree of
osteoarthritic changes by the Samilson-Prieto (S-P) classification. The degree of RCT was examined by
ultrasonography. There were 132 shoulders without RCT and 53 with RCT in 2012. RCT occurred in 21
of 132 shoulders, and the factor affecting the RCT onset was S-P grade 2 osteoarthritic change in 2012
(odds ratio [OR]10.10). RCT progressed in 22 of 53 shoulders, and the factor affecting RCT progression
was the presence of motion pain in 2012 (OR 13.76). These results added new knowledge regarding
the natural course of RCT onset and progression.

A degenerative rotator cuff tear (RCT) is a common shoulder disorder in the elderly'. Previous studies have
assumed that age'?, sex’, smoking**, and posture® caused RCT. However, since these studies lacked longitudinal
observation, the actual risk factors for RCT onset have been unclear.

Previous longitudinal studies have shown that both symptomatic and asymptomatic RCT progress over time
and are associated with the onset or deterioration of shoulder pain and dysfunction’™2 The rate of RCT pro-
gression is almost the same between symptomatic and asymptomatic RCT'. In symptomatic RCT, Yamamoto
et al. recently reported that a middle-sized tear, a full-thickness tear, and smoking were risk factors associated
with RCT progression'?, and Kim et al. also reported that older age, the presence of a subacromial spur, and a
full-thickness tear were risk factors!''. However, concerning asymptomatic RCT, no study has evaluated the risk
factors of RCT progression. In addition, since these previous studies included only symptomatic or asymptomatic
patients, the influence of symptoms on RCT progression in the general population remains unclear.

The purpose of this study was to evaluate longitudinal changes in the morphology and function of the
shoulder joint in the general population and to analyze factors associated with the RCT onset and progression.

Materials and methods

Subjects. The present study complied with the Declaration of Helsinki, and the study protocols were
approved by the Institutional Review Board of Gunma University (approval number 23-31, HS2017-135), and
written informed consent was obtained from all participants. The subjects included in this study were partici-
pants in the public health checkup of Gunma Prefecture in 2012 and 2017. Among these, we recruited voluntary
participants for the present study in each year. The inclusion criteria for study subjects were participants who
completed all examinations of the present study in both 2012 and 2017. Participants with a history of shoulder
dislocation or surgical treatment before or during the study period were excluded. In the present study, 185
shoulders from 93 participants (33 males and 60 females, average age: 66 years old in 2012) were retrospectively
selected according to the inclusion and exclusion criteria.
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Figure 1. The figure shows the anteroposterior radiograph of Samilson-Prieto grade 0 (normal).

Study protocol. Participants completed a questionnaire including hand dominance, profession, a visual
analog scale (VAS) for pain, and the Simple Shoulder Test (SST). In this questionnaire, “profession” was divided
into manual labor (e.g. farming, forestry, construction) and non-manual labor (e.g. office worker, clerk, house-
wife), and the participants evaluated their shoulder pain at rest, in motion, and at night. According to a previous
study’?, if the pain VAS was more than 35, the participants were considered to have pain. After the questionnaire
had been completed, participants underwent a standardized measurement of the active range of motion (ROM)
in flexion (Flex), abduction (Abd), and external rotation (ER). According to a previous study'?, one trained
orthopaedic surgeon performed standardized ultrasound examinations to determine the tear type (partial-
thickness or full-thickness) and the affected tendons (subscapularis [SSc], supraspinatus [SSP], infraspinatus
[ISP]). The probe was applied at the lesser tuberosity (LT) and the superior and middle facet of the greater
tuberosity (GT). The state and size of the RCT were evaluated as follows: no tear, partial-thickness SSP tear, full-
thickness SSP tear, and SSP and ISP tears. The presence of SSc tear was independently evaluated. These tests were
performed in both 2012 and 2017.

Radiographic analyses. A trained radiation technologist performed radiographs in an anteroposterior
glenoid view, and the image data were saved in the Digital Imaging and Communications in Medicine (DICOM)
format. To achieve blinding from the evaluator, the image data were given another ID which is independent of
the ID associated with the participant, and two independent observers (S.H and I. T) evaluated the image sepa-
rately using the blinding ID. Each radiograph was graded using the Samilson and Prieto (S-P) classification of
glenohumeral osteoarthritis'. This classification system grades shoulders for osteophyte formation as follows:
0, no osteophytes (Fig. 1); 1, slight osteophyte (<3 mm) formation (Fig. 2); 2, moderate osteophyte (3 to 7 mm)
formation (Fig. 3); and 3, severe osteophyte (> 8 mm) formation with glenohumeral narrowing. As we showed in
our previous study'®, the interclass coefficient against intraclass reliability was 0.83, while that against intertester
reliability was 0.80 in 2012. The data in 2017 were evaluated by the same method, and the interclass coefficient
against intraclass reliability was 0.86, while that against intertester reliability was 0.82. After the reliability in
2017 was confirmed, the findings for 2012 and 2017 were combined and analyzed.

Statistical analyses. We divided the shoulders into two groups according to the presence of RCT in 2012
(with and without RCT). The differences between the groups in age, ROM, and SST score were analyzed by an
independent t-test, and the gender difference, affected arm (dominant or non-dominant), manual labor, pres-
ence of pain (at rest, in motion, and at night), and S-P grade were analyzed by chi-squared test. Longitudinal
changes in the ROM and the SST score were analyzed by a paired t-test, and the presence of pain, the presence of
SSC tear, the size of RCT, and the S-P grade were analyzed by the McNemar-Bowker test. To detect portions with
a significant difference, the authors performed an adjusted residuals z-test as a post-hoc test for the chi-squared
test and performed a pairwise McNemar test with Bonferroni adjustments as a post hoc test for the McNemar-
Bowker test.

For the subanalysis, each group was divided into two subgroups according to the RCT onset or progression.
Shoulders without RCT were divided into No change and Onset groups, and shoulders with RCT were divided
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Figure 2. The figure shows the anteroposterior radiograph of Samilson-Prieto grade 1.

Figure 3. The figure shows the anteroposterior radiograph of Samilson-Prieto grade 2.

into No progression and Progression group. The differences between the subgroups were analyzed in a similar
fashion to the initial analysis.

Shoulders without RCT were used to determine the risk factors of RCT onset, and shoulders with RCT were
used to determine the risk factors of RCT progression. A stepwise logistic regression analysis was performed to
identify the risk factors of RCT onset or progression in 2017 using the following factors in 2012 as explanatory
variables: age, gender, dominant arm, manual labor, ROM, the presence of pain, ROM, the presence of SSC tear,
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NoRCT at 2012 | RCT at 2012

(n=132) (n=53) p value
Age (year) 63.1 70.0 000
Gender (male/female) 42/90 24/29 .060
Dominant side (Y/N) 56/76 36/17 .001
Labor (Y/N) 52/80 28/25 067
Flexion (degree) 160.0 156.3 .040
Abduction (degree) 165.2 160.9 .048
External rotation (degree) 441 39.7 .055
SST score 11.1 11.2 753
Rest pain (Y/N) 4/128 4/49 166
Motion pain (Y/N) 14/118 9/44 172
Night pain (Y/N) 6/126 8/45 .020
SSC tear (Y/N) 0/132 6/47 -
Size of RCT (none/partial/SSP/SSP and ISP) 132/0/0/0 0/16/26/11 -
Samilson and Prieto grade (0/1/2/3) 116/11/5/0 45/6/2/0 .816

Table 1. Comparison of parameters between shoulders without RCT and shoulders with RCT in 2012.

No RCT at 2012 (n=132) | p value
Year 2012 2017
Flexion (degree) 160.0 145.6 .000
Abduction (degree) 165.2 150.6 .000
External rotation (degree) 44.1 38.2 .000
SST score 11.1 10.9 .059
Rest pain (Y/N) 4/128 3/129 1.000
Motion pain (Y/N) 14/118 17/115 .664
Night pain (Y/N) 6/126 9/123 .607
SSC tear (Y/N) 0/132 7/125 -
Size of RCT (none/partial/SSP/SSP and ISP) 132/0/0/0 113/6/7/6 | -
Samilson and Prieto grade (0/1/2/3) 116/11/5/0 | 90/29/13/0 | .000

Table 2. Longitudinal changes in shoulders without RCT.

the size of the RCT, and the S-P grade. All statistical analyses were performed using the SPSS software program
(version 25.0; IBM, Chicago, IL, USA), and the critical value for significance was set at p <0.05.

Ethics statement. This study was approved by the ethics committee of Gunmam University (23-31,
HS2017-135). Investigation performed at the Department of Orthopaedic Surgery, Gunma University Graduate
School of Medicine, Maebashi, Gunma, Japan.

Results

One hundred and eighty-five shoulders were divided into those without RCT (n=132) and with RCT (n=53).
In 2012, the group of shoulders without RCT showed a significantly lower age, lower prevalence of dominant
arm, higher ROM of flexion and abduction, and lower prevalence of pain at night than the group of shoulders
with RCT (Table 1).

Shoulders were divided into two groups according to the RCT status in 2012, and the ROM and S-P grade
significantly deteriorated between 2012 and 2017 in both groups (Tables 2, 3). A post-hoc analysis of the McNe-
mar-Bowker test revealed a significant difference in the change of the S-P grade from 0 to 1 (p <0.01 in shoulders
without RCT, p=0.047 in shoulders with RCT). Furthermore, significant deterioration of the SST score and
progression of RCT occurred in shoulders with RCT (Table 3). A post-hoc analysis revealed a significant differ-
ence in the change of RCT size from SSP to SSP and ISP (p<0.01).

Among shoulders without RCT, RCT onset occurred in 21 of 132 shoulders (15.9%). Compared to the No
change group, the Onset group showed significantly higher age, higher S-P grade in 2012 (Table 4). A post-hoc
analysis revealed that the onset group had more S-P grade 2 shoulders than the no change group (p=0.006). A
stepwise logistic regression analysis revealed that S-P grade 2 in 2012 (odds ratio [OR] 10.10, 95% confidence
interval [CI] 1.56-65.51) was an independent risk factor of RCT onset in 2017.
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RCT at 2012 (n=53) p value

Year 2012 2017

Flexion (degree) 156.3 141.4 .000
Abduction (degree) 160.9 146.8 .000
External rotation (degree) 39.7 29.4 .000
SST score 11.2 10.5 .003
Rest pain (Y/N) 4/49 1/52 250
Motion pain (Y/N) 9/44 12/41 .648
Night pain (Y/N) 8/45 10/43 774
SSC tear (Y/N) 6/47 17/36 .001
Size of RCT (none/partial/SSP/SSP and ISP) 0/16/26/11 | 0/12/14/27 | .001
Samilson and Prieto grade (0/1/2/3) 45/6/2/0 35/10/8/0 .005

Table 3. Longitudinal changes in shoulders with RCT.

Shoulders without RCT No change | Onset

(n=132) (n=111) (n=21) |pvalue
Age (year) 62.3 66.9 .037
Gender (male/female) 35/76 7/14 1.000
Dominant side (Y/N) 47/64 9/12 1.000
Labor (Y/N) 47/64 5/16 .145
Flexion (degree) 160.0 160.0 986
Abduction (degree) 164.8 167.1 458
External rotation (degree) 44.0 44.8 .831
SST score 11.1 11.2 .853
Rest pain (Y/N) 3/108 1/20 .504
Motion pain (Y/N) 11/100 3/18 467
Night pain (Y/N) 5/106 1/20 1.000
SSC tear (Y/N) 0/111 0/21 -
Size of RCT (none/partial/SSP/SSP and ISP) 0/111 0/21 -
Samilson and Prieto grade (0/1/2/3) 101/8/2/0 15/3/3/0 | .011

Table 4. Comparison of parameters in 2012 between the No change group and the Onset group.

Among shoulders with RCT, RCT progression occurred in 22 of 53 shoulders (41.5%). Compared to the No
progression group, the RCT progression group showed a significantly lower ROM of abduction and external
rotation, a higher prevalence of pain in motion in 2012 (Table 5). A stepwise logistic regression analysis revealed
that the presence of pain in motion in 2012 (OR 13.76, 95% CI 1.49-126.85) was an independent risk factor of
RCT progression in 2017.

Discussion
To our knowledge, the present study is the first longitudinal observational study to evaluate the risk factor of
RCT onset or progression in the general population.

Previous studies have reported a high incidence of RCT in the elderly population and assumed that the age'?,
gender’, smoking*?, and posture® were causes of RCT onset. However, since these studies lacked longitudinal
observation, the actual risk factors of RCT onset have been unclear. The present study also showed that the age in
2012 was significantly higher in the group of shoulders with RCT than in the group without RCT. Furthermore,
the subanalysis demonstrated that the age in 2012 was significantly higher in the Onset group than in the No
change group and that osteoarthritic change in 2012 was more severe in the RCT onset group than those in the
No change group. However, a logistic regression analysis demonstrated that moderate osteoarthritic change (S-P
grade 2) was the only independent risk factor of RCT onset in shoulders without RCT.

Regarding the relationship between osteoarthritis (OA) of the shoulder joint and RCT, previous studies have
shown that RCT can originate OA. RCT results in various bony changes, such as the formation of a subacromial
spur in the early stage and acetabulization of the acromion, chondral defects, and loss of joint space in the late
stage!”. Regarding these degenerative changes associated with RCT, a previous study pointed out the influence
of instability due to rotator cuff dysfunction'®, and previous cadaveric studies have confirmed that the rotator
cuff counterbalances the translation of the humeral head, even in simple motion'*-?!. In addition, a recent study
reported that the progression of osteoarthritic changes in the shoulder joint with RCT, as evaluated by the S-P
grade, was affected by the repaired cuff integrity??. However, repetitive instability in the shoulder joint without
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Shoulders with RCT No progression | Progression

(n=53) (n=31) (n=22) p value
Age (year) 69.6 69.8 914
Gender (male/female) 12/19 12/10 195
Dominant side (Y/N) 21/10 15/7 .606
Labor (Y/N) 19/12 9/13 118
Flexion (degree) 157.7 154.3 238
Abduction (degree) 164.4 156.1 .027
External rotation (degree) 42.6 35.7 .038
SST score 11.3 11.1 726
Rest pain (Y/N) 1/30 3/19 188
Motion pain (Y/N) 1/30 8/14 .002
Night pain (Y/N) 3/28 5/17 179
SSC tear (Y/N) 3/28 3/19 489
Size of RCT (none/partial/SSP/SSP and ISP) 0/11/12/8 0/5/14/3 .198
Samilson and Prieto grade (0/1/2/3) 26/4/1/0 19/2/1/0 .890

Table 5. Comparison of parameters in 2012 between the No progression group and the Progression group.

RCT also results in osteoarthritic changes, such as the formation of osteophytes'®. Therefore, the presence of
moderate osteoarthritic changes (S-P grade 2) without RCT in the present study may reflect existing rotator
cuff dysfunction, and such dysfunction may result in repetitive minor damage to the rotator cuff and might be
a risk factor for RCT onset.

Previous studies have also reported a high incidence of RCT progression in asymptomatic and symptomatic
shoulders with RCT7-*!%2*24 In those reports, the rate of RCT progression defined as an increase in tear size
exceeding 5 mm ranged from 11.6% to 69.9% at 20 to 61 months and a systematic review of Kwong et al.'?
showed that 40.6% of asymptomatic RCT cases had progressed during a mean follow-up period of 46.8 months
compared with 34.1% of symptomatic RCT cases at 37.8 months. These results suggested that the rate of RCT
progression is similar between asymptomatic and symptomatic RCT. The present study found that RCT pro-
gression occurred in 41.5% of 53 shoulders, and the rate of RCT progression in the present study was consistent
with that in previous studies.

Regarding risk factors of RCT progression, previous studies reported that an older age'"*, the presence of a
subacromial spur"!, full-thickness tear’'"?*, middle-sized tear'’, and smoking'® were independent risk factors
of RCT progression. Previous studies that included asymptomatic patients showed that RCT progression influ-
enced new pain development’~, while those that included symptomatic patients showed that the pain degree
and prevalence did not change over time'®!!. Since these studies included only symptomatic or asymptomatic
patients and the definition of symptomatic and asymptomatic differed among studies, they were unable to
clarify the effect of the detail and degree of shoulder pain on RCT progression. In contrast, the present study
included all participants, regardless of the presence or absence of pain, and collected data on pain in different
situations (at rest, in motion, and at night) with a clear definition (VAS>35). As a result, the presence of pain
in motion was found to be the only independent risk factor of RCT progression in shoulders with RCT. Since
shoulder pain is suspected to arise from a combination of pathologies, such as impingement, and intra-articular
inflammation, including synovitis or bursitis>~>, the determination of the cause of shoulder pain is a clinical
challenge. Although the present study lacked data on the presence of impingement sign, our findings suggest
that shoulder impingement itself or disturbance of the normal shoulder motion due to pain in motion exerted
repetitive damage to the torn rotator cuff.

Several limitations associated with the present study warrant mention. First, since the participants in the pre-
sent study consisted of voluntary participants only, there may be some potential selection bias. Second, the small
number of participants and the lack of detailed background information such as ROM in IR, rheumatoid arthritis,
sports level, smoking status or the presence of diabetes mellitus may have hidden potential risk factors for RCT
progression. Third, since the present study included both shoulders from the same person, there may have been
some potential bias. Fourth, since the present study evaluated the participants in 2012 and 2017, whether the
RCT progressed within the first 1 or 2 years or progressed little by little over 5-years was unclear. Therefore, some
of the risk factors in the present study may merely be associated with an acute progression. Further studies are
therefore needed to clarify the risk factors influencing RCT progression in the general population.

Conclusion

In summary, the present study revealed that the shoulder ROM deteriorated regardless of the presence of RCT
and that the state of osteoarthritic changes progressed. S-P grade 2 osteoarthritic change was an independent risk
factor for RCT onset, and the presence of pain in motion was an independent risk factor for RCT progression in
the next 5 years. These results add new knowledge regarding the natural course of RCT onset and progression.

Scientific Reports |

(2021) 11:1858 | https://doi.org/10.1038/s41598-020-79867-x nature research



www.nature.com/scientificreports/

Received: 7 March 2020; Accepted: 11 December 2020
Published online: 21 January 2021

References

1. Yamamoto, A. et al. Prevalence and risk factors of a rotator cuff tear in the general population. J. Shoulder Elbow Surg. 19, 116-120.
https://doi.org/10.1016/j.jse.2009.04.006 (2010).

2. Gumina, S. et al. The impact of aging on rotator cuff tear size. Musculoskelet. Surg 97(Suppl 1), 69-72. https://doi.org/10.1007/
$12306-013-0263-2 (2013).

3. Abate, M., Schiavone, C., Di Carlo, L. & Salini, V. Prevalence of and risk factors for asymptomatic rotator cuff tears in postmeno-
pausal women. Menopause 21, 275-280. https://doi.org/10.1097/GME.0b013e31829638e3 (2014).

4. Baumgarten, K. M. et al. Cigarette smoking increases the risk for rotator cuff tears. Clin. Orthop. Relat. Res. 468, 1534-1541. https
://doi.org/10.1007/s11999-009-0781-2 (2010).

5. Bishop, J. Y., Santiago-Torres, J. E., Rimmke, N. & Flanigan, D. C. smoking predisposes to rotator cuff pathology and shoulder
dysfunction: A systematic review. Arthroscopy 31, 1598-1605. https://doi.org/10.1016/j.arthro.2015.01.026 (2015).

6. Yamamoto, A. et al. The impact of faulty posture on rotator cuff tears with and without symptoms. J. Shoulder Elbow Surg. 24,
446-452. https://doi.org/10.1016/j.jse.2014.07.012 (2015).

7. Mall, N. A. et al. Symptomatic progression of asymptomatic rotator cuff tears: A prospective study of clinical and sonographic
variables. J. Bone Joint Surg. Am. 92, 2623-2633. https://doi.org/10.2106/JBJS.1.00506 (2010).

8. Moosmayer, S., Tarig, R., Stiris, M. & Smith, H. J. The natural history of asymptomatic rotator cuff tears: A three-year follow-up
of fifty cases. J. Bone Joint Surg. Am. 95, 1249-1255. https://doi.org/10.2106/]BJS.L.00185 (2013).

9. Keener, J. D. et al. A prospective evaluation of survivorship of asymptomatic degenerative rotator cuff tears. J. Bone Joint Surg. Am.
97, 89-98. https://doi.org/10.2106/JB]S.N.00099 (2015).

10. Yamamoto, N., Mineta, M., Kawakami, J., Sano, H. & Itoi, E. Risk factors for tear progression in symptomatic rotator cuff tears: A
prospective study of 174 shoulders. Am. J. Sports Med. 45, 2524-2531. https://doi.org/10.1177/0363546517709780 (2017).

11. Kim, Y. S. et al. Tear progression of symptomatic full-thickness and partial-thickness rotator cuff tears as measured by repeated
MRI. Knee Surg Sports Traumatol. Arthrosc. 25, 2073-2080. https://doi.org/10.1007/s00167-016-4388-3 (2017).

12. Kwong, C. A. et al. Full-thickness rotator cuff tears: What is the rate of tear progression? A systematic review. Arthroscopy 35,
228-234. https://doi.org/10.1016/j.arthro.2018.07.031 (2019).

13. Boonstra, A. M., Schiphorst Preuper, H. R., Balk, G. A. & Stewart, R. E. Cut-off points for mild, moderate, and severe pain on
the visual analogue scale for pain in patients with chronic musculoskeletal pain. Pain 155, 2545-2550. https://doi.org/10.1016/j.
pain.2014.09.014 (2014).

14. Strakowski, J. A. & Visco, C. J. Diagnostic and therapeutic musculoskeletal ultrasound applications of the shoulder. Muscle Nerve
60, 1-6. https://doi.org/10.1002/mus.26505 (2019).

15. Samilson, R. L. & Prieto, V. Dislocation arthropathy of the shoulder. . Bone Joint Surg. Am. 65, 456-460 (1983).

16. Kobayashi, T. et al. Prevalence of and risk factors for shoulder osteoarthritis in Japanese middle-aged and elderly populations. J.
Shoulder Elbow Surg. 23, 613-619. https://doi.org/10.1016/j.jse.2013.11.031 (2014).

17. Hamada, K., Yamanaka, K., Uchiyama, Y., Mikasa, T. & Mikasa, M. A radiographic classification of massive rotator cuff tear arthritis.
Clin. Orthop. Relat. Res. 469, 2452-2460. https://doi.org/10.1007/s11999-011-1896-9 (2011).

18. Neer, C. S,, Craig, E. V. & Fukuda, H. Cuff-tear arthropathy. J. Bone Joint Surg. Am. 65, 1232-1244 (1983).

19. Williamson, P., Mohamadi, A., Ramappa, A. J., DeAngelis, ]. P. & Nazarian, A. Shoulder biomechanics of RC repair and Instability:
A systematic review of cadaveric methodology. J. Biomech. 82, 280-290. https://doi.org/10.1016/j.jbiomech.2018.11.005 (2019).

20. Lee, S. B., Kim, K. J., O'Driscoll, S. W., Morrey, B. E. & An, K. N. Dynamic glenohumeral stability provided by the rotator cuff
muscles in the mid-range and end-range of motion. A study in cadavera. J. Bone Joint Surg. Am. 82, 849-857 (2000).

21. Parsons, I. M., Apreleva, M., Fu, E H. & Woo, S. L. The effect of rotator cuff tears on reaction forces at the glenohumeral joint. J.
Orthop. Res. 20, 439-446. https://doi.org/10.1016/S0736-0266(01)00137-1 (2002).

22. Matsuba, T., Hata, Y., Ishigaki, N., Nakamura, K. & Kato, H. Osteoarthritis progression of the shoulder: A long-term follow-up
after mini-open rotator cuff repair. J. Orthop. Surg. https://doi.org/10.1177/2309499018768106 (2018).

23. Safran, O., Schroeder, J., Bloom, R., Weil, Y. & Milgrom, C. Natural history of nonoperatively treated symptomatic rotator cuff
tears in patients 60 years old or younger. Am. J. Sports Med. 39, 710-714. https://doi.org/10.1177/0363546510393944 (2011).

24. Maman, E. et al. Outcome of nonoperative treatment of symptomatic rotator cuff tears monitored by magnetic resonance imaging.
J. Bone Joint Surg. Am. 91, 1898-1906. https://doi.org/10.2106/JBJS.G.01335 (2009).

25. Okamura, K. et al. Shoulder pain and intra-articular interleukin-8 levels in patients with rotator cuff tears. Int. . Rheum. Dis. 20,
177-181. https://doi.org/10.1111/1756-185X.12581 (2017).

26. Blaine, T. A. et al. The molecular pathophysiology of subacromial bursitis in rotator cuff disease. J. Shoulder Elbow Surg. 14, 84S-
89S. https://doi.org/10.1016/j.jse.2004.09.022 (2005).

27. Voloshin, L. et al. Proinflammatory cytokines and metalloproteases are expressed in the subacromial bursa in patients with rotator

cuff disease. Arthroscopy 21, 1076.e1071-1076.e1079. https://doi.org/10.1016/j.arthro.2005.05.017 (2005).

Author contributions

Designed and organized the study: H.S., T.I,, T.K., K.T. and H.C. Performed medical check-ups: H.S., T.I,, T.T.,
TS, N.H, MK,RM,,D.S,, AY, TK, and K.T. Collected the data: H.S., T.I1,, TK,, K.T,, and H.C. Analyzed the
data: H.S., T.I. Wrote the paper: T.I,, H.S., and H.C. All authors reviewed the manuscript.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to H.S.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Scientific Reports |

(2021) 11:1858 | https://doi.org/10.1038/s41598-020-79867-x nature research


https://doi.org/10.1016/j.jse.2009.04.006
https://doi.org/10.1007/s12306-013-0263-2
https://doi.org/10.1007/s12306-013-0263-2
https://doi.org/10.1097/GME.0b013e31829638e3
https://doi.org/10.1007/s11999-009-0781-2
https://doi.org/10.1007/s11999-009-0781-2
https://doi.org/10.1016/j.arthro.2015.01.026
https://doi.org/10.1016/j.jse.2014.07.012
https://doi.org/10.2106/JBJS.I.00506
https://doi.org/10.2106/JBJS.L.00185
https://doi.org/10.2106/JBJS.N.00099
https://doi.org/10.1177/0363546517709780
https://doi.org/10.1007/s00167-016-4388-3
https://doi.org/10.1016/j.arthro.2018.07.031
https://doi.org/10.1016/j.pain.2014.09.014
https://doi.org/10.1016/j.pain.2014.09.014
https://doi.org/10.1002/mus.26505
https://doi.org/10.1016/j.jse.2013.11.031
https://doi.org/10.1007/s11999-011-1896-9
https://doi.org/10.1016/j.jbiomech.2018.11.005
https://doi.org/10.1016/S0736-0266(01)00137-1
https://doi.org/10.1177/2309499018768106
https://doi.org/10.1177/0363546510393944
https://doi.org/10.2106/JBJS.G.01335
https://doi.org/10.1111/1756-185X.12581
https://doi.org/10.1016/j.jse.2004.09.022
https://doi.org/10.1016/j.arthro.2005.05.017
www.nature.com/reprints

www.nature.com/scientificreports/

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2021

Scientific Reports |  (2021) 11:1858 | https://doi.org/10.1038/s41598-020-79867-x natureresearch


http://creativecommons.org/licenses/by/4.0/

	Factors affecting the onset and progression of rotator cuff tears in the general population
	Materials and methods
	Subjects. 
	Study protocol. 
	Radiographic analyses. 
	Statistical analyses. 
	Ethics statement. 

	Results
	Discussion
	Conclusion
	References


