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Invited Commentary
IMPORTANCE Shoulder pain is a common musculoskeletal complaint often attributed to Multimedia
rotator cuff (RC) abnormalities. Diagnostic imaging is frequently used, but the association

between RC abnormalities and shoulder symptoms remains uncertain. Supplemental content

OBJECTIVE To determine the prevalence of RC abnormalities in a general population sample
and their association with shoulder symptoms.

DESIGN, SETTING, AND PARTICIPANTS Population-based cross-sectional study in a nationally
representative random sample of adults aged 41to 76 years who underwent standardized
clinical assessment and bilateral 3-Tesla magnetic resonance imaging (MRI) of the shoulders
conducted from February 2023 to April 2024 in Finland. Eligibility criteria included ability to
undergo MRI and absence of previous shoulder replacement surgery.

EXPOSURES Structured interviews, standardized questionnaires, clinical shoulder tests, and
shoulder MRI.

MAIN OUTCOMES AND MEASURES RC tendon status was classified on MRI as normal,
tendinopathic, partial-thickness tear (PTT), or full-thickness tear (FTT). Shoulder symptoms
were defined as pain or dysfunction in the preceding week. The prevalence of RC
abnormalities was compared across age groups and between symptomatic and
asymptomatic shoulders, adjusting for demographic factors, concurrent MRI findings, and
clinical examination.

RESULTS Among 602 participants (median age, 58 [range, 41-76] years; 52% female), RC
abnormalities on MRI were found in 595 (98.7%; 95% Cl, 97.5%-99.5%): 25% tendinopathy,
62% PTT, and 11% FTT. The prevalence and severity of abnormalities increased with age but
did not differ between sexes. RC abnormalities were present in 96% of asymptomatic
shoulders (1039 of 1076) and 98% of symptomatic shoulders (126 of 128). Only FTTs were
more prevalent in symptomatic shoulders (14.6%) than in asymptomatic shoulders (6.5%),
but this difference diminished after adjustment (absolute difference, 0.8%; 95% Cl, -3.4% to
6.0%).

CONCLUSIONS AND RELEVANCE In this population-based study, RC abnormalities were nearly
universal after age 40 years and showed poor concordance with shoulder symptoms. These
findings suggest that RC abnormalities often represent normal age-related changes rather
than disease and call into question the clinical value of routine imaging for atraumatic
shoulder pain.
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houlder pain affects approximately 18% to 31% of the gen-
eral population globally each month!* and ranks as the
third most common musculoskeletal complaint in pri-
mary care.*> Among individuals presenting with shoulder pain,
rotator cuff (RC) abnormalities account for up to 85% of cases.®”
Despite a lack of evidence supporting routine use,®1° diagnos-
tic imaging is used in approximately 50% of initial evaluations
by general practitioners® and considered essential by up to 82%
of general practitioners and 56% of specialists.>!! Imaging fre-
quently reveals RC abnormalities, such as tendinopathy or par-
tial-thickness tears (PTTs) and full-thickness tears (FTTs).
Management of these structural findings has become increas-
ingly common and contributes to the growing burden on al-
ready strained health care systems. In Australia, up to three-
quarters of physicians refer patients with shoulder pain to
physical therapy, and the use of imaging-guided injections has
increased by as much as 46-fold from the year 2000."** Mean-
while, surgical RC repairs have increased by approximately 2-fold
to 7-fold in other high-income countries.!4¢
Yet, emerging evidence from other musculoskeletal re-
gions suggests that the association between imaging abnor-
malities and clinical symptoms may be less certain than
previously assumed.'”!® Interpreting the results of diagnos-
tic tests requires an understanding of the baseline prevalence
of positive and negative findings in the general population,
as well as the association between positive results and
symptoms.'® Previous systematic reviews on shoulder imaging
abnormalities found low to very low certainty evidence re-
garding their population prevalence and only poor concor-
dance between imaging findings and symptoms.2°-24 This un-
derscores the need for robust, population-based data. The
Finnish Imaging of Shoulder (FIMAGE) study was designed to
assess the prevalence of RC abnormalities detected by mag-
netic resonance imaging (MRI) in the general population and
to evaluate the association of these abnormalities with shoul-
der symptoms.

Methods

The FIMAGE study was conducted in Finland from February
2023 to April 2024. The protocol was approved by the Helsinki
University Hospital Ethics Committee and a reformatted ver-
sion was published elsewhere.?> The study followed the Dec-
laration of Helsinki principles, and all participants provided
written informed consent prior to enrollment. Reporting ad-
hered to the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) reporting guideline.

Study Design, Setting, and Participants

This cross-sectional observational study included partici-
pants from the Health 2000 survey, a nationally representa-
tive, longitudinal health study conducted by the Finnish
National Public Health Institute. A total of 9922 persons
aged 18 years or older were sampled using a nationally
representative 2-stage stratified cluster sample in 2000.
Data collection included health interviews, questionnaires,
a comprehensive health examination, and incorporated
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Key Points

Question What is the prevalence of rotator cuff (RC)
abnormalities in the general Finnish population and how do these
findings correspond with shoulder symptoms?

Findings In this cross-sectional study of 602 Finnish adults aged
41to 76 years who underwent bilateral 3-Tesla shoulder magnetic
resonance imaging and clinical assessment, 99% had at least 1RC
abnormality. RC abnormalities were present in both asymptomatic
(96%) and symptomatic (98%) shoulders.

Meaning The findings of this study suggest that RC abnormalities
are nearly universal after age 40 years and that routine imaging
should not guide diagnosis or treatment of atraumatic shoulder
pain.

data from national health registries.?®-2” The Health 2000
cohort and its follow-up survey in 2011 have been continu-
ously monitored and remain a valuable epidemiological
resource. They are described in more detail in the eMethods
in Supplement 1.

In 2022, the Health 2000 database was reviewed to iden-
tify all individuals eligible for the FIMAGE study. To be eligible,
participants had to meet the following criteria: (1) prior partici-
pation in the Health 2000 survey, (2) valid consent for the Health
2000 follow-up, (3) ability to communicate in Finnish or Swed-
ish, (4) ambulatory status, (5) maximum age of 75 years at the
time of sampling, and (6) residence within the catchment areas
of the 5 university hospitals, ensuring reasonable access to a
3-Tesla (3T) MRI facility. A total of 2368 individuals fulfilling the
inclusion criteria were identified. The youngest participants of
the Health 2000 survey were 40 years old by the sampling date
of December 1, 2022. A random sample (1284) was invited to par-
ticipate in the FIMAGE study via informational letters. We con-
firmed the comparability of our invited sample to the original
Health 2000 cohort using national registry data, observing no
substantial differences in key sociodemographic and health char-
acteristics. Several attempts were made to contact all individu-
als by phone to confirm eligibility and willingness to partici-
pate. During recruitment, both the information letters and
recruitment interviews conducted by trained personnel empha-
sized that participation was encouraged irrespective of the pres-
ence or absence of shoulder symptoms. Volunteers with con-
traindications to MRI, including prior shoulder replacement
surgery, were excluded.

Variables and Data Sources

Data collection items are listed in the eMethods in Supple-
ment 1. The clinical visit comprised a standardized, compre-
hensive assessment of medical history and shoulder symp-
toms through questionnaires and a structured interview.
Participants were first asked, “Have you experienced shoul-
der symptoms lasting more than 24 hours during the past week
(either persistent or intermittent)?” Based on their re-
sponses, individuals were classified as asymptomatic (answer-
ing no) or symptomatic (answering yes). Those reporting cur-
rent symptoms were further asked to identify the affected side.
The history of previous shoulder symptoms was obtained from
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Table 1. Characteristics of the Study Participants by the Presence of Current Shoulder Symptoms?®

All participants (N = 602),

Participants by current symptom status, No. (%)

Characteristics No. (%) Asymptomatic (n = 492) Symptomatic (n = 110) SMD
Sex

Female 313(52.0) 256 (52.0) 57 (51.8) 0.00

Male 289 (48.0) 236 (48.0) 53(48.2) 0.00
Current smoker 90 (15.0) 71(14.4) 19(17.3) 0.08
Right-hand dominance® 571 (94.9) 466 (94.7) 105 (95.5) 0.03
Employment (currently working) 376 (62.5) 316 (64.2) 60 (54.5) 0.20
Education (Bachelor’s degree or higher) 246 (40.9) 211 (42.9) 35(31.8) 0.23
No previous shoulder symptoms®© 198 (32.9) 198 (40.2) 0 1.16
Previous shoulder injuries® 162 (26.9) 121 (24.6) 41 (37.3) 0.28
Previous shoulder surgery® 55(9.1) 36 (7.3) 19 (17.3) 0.31
Age, mean (SD), y 58.3(9.7) 58.1(9.7) 59.5(9.5) 0.15
BMI, mean (SD) 27.6 (4.8) 27.6 (4.7) 27.8(5.4) 0.04
SPADI, mean (SD)"9 9.1(15.0) 5.1(10.4) 27 (18.9) 1.44
SPADI pain subscale, mean (SD)? 14 (20.4) 8(14.3) 40.8 (22.2) 1.76
SPADI function subscale, mean (SD)? 6.1(12.8) 3.3(8.9) 18.4 (19.0) 1.02
Pain at night, mean (SD)9"" 0.6 (1.9) 0(0.1) 3.4(3.1) 1.55
Pain at rest in the daytime, mean (SD)%" 0.3(1.2) 0(0.2) 1.8(2.2) 1.14
Pain with activity, mean (SD)9:" 1(2.3) 0(0.6) 5.0(2.8) 2.44
Constant score, mean (SD)™ 85.5(11.6) 88.1(9.1) 73.7 (14.0) 1.22
SSV, mean (SD) 81.8 (17.0) 85.3 (14.8) 66.4 (18.0) 1.15

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided shoulder.

by height in meters squared); SMD, standardized mean difference; SPADI,
Shoulder Pain and Disability Index; SSV, Subjective Shoulder Value.

2 Intermittent or continuous shoulder symptoms lasting at least 1day during the
past week.

bSelf-reported; right-handed, left-handed, ambidextrous. Ambidextrous (n = 8)
was classified as right-handed in the later analyses.

€ Participants reporting no previous shoulder symptoms.

9 Participants reporting any injury (sudden onset of symptoms) to either

© Participants reporting 1or more shoulder surgeries to either side.
f Range 0 to 100, where O is no pain and normal function.

8Worst (higher) score of right and left side selected.

" Range of 0 to 10, where O is no pain.

' Range of O to 100, where 100 is no pain and normal function.

J Worst (lower) score of right and left side selected.

“Range of 0% to 100%, where 100% is normal shoulder.

all participants. Shoulder pain and function were evaluated
using the Shoulder Pain and Disability Index,?® Constant
score,?° and Subjective Shoulder Value.*° Finally, a struc-
tured clinical examination was conducted by shoulder and el-
bow surgeons with more than 10 years of experience (T.I., R.B.,
AR.,KK., V.L,A.J.,and L.R).

After clinical data collection, participants underwent bi-
lateral shoulder MRI using 3T scanners of similar model and
configuration (Siemens Magnetom Skyra and Vida Fit; Sie-
mens Healthineers) equipped with dedicated phased-array
shoulder coils. The imaging sequences and parameters are de-
tailed in the eMethods in Supplement 1. No intra-articular con-
trast enhancement was used. Before the formal interpreta-
tion of the images, a study radiologist (N.S., F.B., and V.H.)
screened each participant’s scans for incidental pathologies—
such as tumors or infections—that might require urgent diag-
nostic evaluation and medical intervention.

The formal evaluation of the MRI images was conducted
by 3 radiologists with more than 10 years of experience in mus-
culoskeletal imaging each. Each scan was independently re-
viewed by 2 of the 3 radiologists (N.S., F.B., and V.H.) using stan-
dardized assessment forms shown in the eMethods in
Supplement 1. Radiologists were blinded to demographic in-
formation and patient history, results of the clinical examina-
tion, as well as to each other’s readings. Any disagreements
were resolved by consensus.
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Each of the 4 RC tendons was evaluated separately and
graded according to the Zlatkin classification.* Signal increase
and/or inhomogeneity on fluid-sensitive sequences was consid-
ered indicative of tendinopathy. A fluid-filled defect of the ten-
don tissue extending to either surface or the tendon insertion
on more than 2 consecutive images was interpreted asa PTT. To
qualify as an FTT, a defect had to extend to both surfaces of the
tendon, connecting the subacromial space and glenohumeral
joint.

We defined RC abnormality as tendinopathy, PTT, or
FTT of any of the RC tendons. MRI findings for each
shoulder were classified based on the most severe abnor-
mality observed in any of the 4 RC tendons, using an ordinal
severity scale: FTT (most severe), followed by PTT, tendi-
nopathy, and normal tendon. The highest-grade abnormal-
ity among the tendons was recorded as the representative
finding for that shoulder. For per-person prevalence esti-
mates, the shoulder with the more severe abnormality was
used. In addition, we assessed all images for abnormalities
of the glenohumeral and acromioclavicular joints and long
head of the biceps tendons, as outlined in the eMethods in
Supplement 1.

Statistical Analysis
All statistical analyses were conducted using R statistical soft-
ware version 4.4.3 (R Foundation for Statistical Computing).
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Figure 1. Recruitment Flowchart of the FIMAGE Study

9922 Individuals aged 218 y in the original
Health 2000 survey cohort

}

2368 Met eligibility criteria for this study, including
valid consent, maximum age of 75y, and
treatment from 5 catchment areas in Finland
with 3T MRl available

l

1284 Included in random sample of eligible adults contacted
to assess provisional interest in participating in FIMAGE
study via informational letters and phone calls

574 Excluded
425 Could not be contacted
140 Declined participation
9 Lost due to information disconnect

710 Expressed interest in participation and
contacted via phone

77 Excluded
33 Declined participation
21 Scheduled, but did not attend
—> 13 Not eligible
12 MRI contraindication
1 Total shoulder arthroplasty
10 Could not be contacted

633 Participated in a clinical visit, including an interview,
questionnaires, and clinical examination

31 Excluded
14 Imaging session aborted
13 Referred, but not scheduled
4 Other

602 Underwent bilateral 3T MRI

FIMAGE indicates Finnish Imaging of Shoulder; MRI, magnetic resonance
imaging; 3T, 3-Tesla.

Significance was set at 2-sided P < .05. Details of the statisti-
cal methods can be found in the eMethods in Supplement 1.

Participant characteristics were summarized using demo-
graphic and clinical information. Means and SDs were reported
for continuous variables and proportions for categorical vari-
ables. These characteristics were also analyzed by symptom
status: current symptoms, prior symptoms only, or no history
of shoulder symptoms. We compared the prevalence of imaging
abnormalities between currently asymptomatic and sympto-
matic shoulders and between shoulders with and without a his-
tory of prior shoulder symptoms, injuries, or surgeries. Differ-
ences between groups were analyzed using Fisher exact test or
the Wilcoxon rank sum test, as appropriate.

Interobserver agreement for MRI findings was assessed
using both Cohen k, Gwet AC2, and percentage agreement,>?
with ordinal weights applied to the 4-category outcomes.
Analyses were performed using the iccCAC package.

To minimize potential selection bias, we applied inverse
probability (IP) weighting to account for nonparticipation in
the FIMAGE study. Covariates for study participation in-
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Table 2. Overall Prevalence of Rotator Cuff Abnormalities Per Participant
(Either Shoulder; N = 602) in the Finnish Population Aged 41to 76 Years®

Participants,

Rotator cuff finding on MRI No. Prevalence, % (95% CI)
Normal 7 1.3(0.5-2.5)
Tendinopathy 152 25.3(21.7-29.1)
Partial-thickness tear 373 62.4 (58.2-66.5)
Full-thickness tear 70 11.1(8.6-13.8)

Abbreviation: MRI, magnetic resonance imaging.

2 MRI findings for each shoulder were classified according to the most severe
abnormality detected in any tendon. For the per-person prevalence
calculation, the more severely affected shoulder was used.

cluded registry-based variables (available for the full Health
2000 survey sample) and survey-based variables from the
Health 2000 and 2011 survey participants.?®->* Missing data
among these variables due to item nonresponse were ad-
dressed using multiple imputation via the mice package, using
the random forest method to generate 50 imputed datasets.
For each imputed dataset, IP weights were estimated using ran-
dom forest models, and the final weights were calculated as
the average across all imputations.

Because imaging was performed bilaterally, shoulders were
considered clustered within individuals, and analyses of shoul-
der-level data accounted for this intraindividual correlation.
Missing data due to item nonresponse were addressed by cre-
ating 50 imputed datasets using the random forest method.
In addition to the FIMAGE study variables, all variables used
in imputing missing values for the IP weighted dataset were
included. The sampling design, IP weights, and multiple im-
putations were accounted for in estimating prevalences and
analyzing regression models using the survey package.

Differences in the prevalence of MRI-detected abnormali-
ties between asymptomatic and symptomatic participants were
analyzed using multinomial logistic regression models. Three se-
quential models were constructed. Model 1adjusted for age, sex,
level of education, and geographic region. Model 2 additionally
accounted for other MRI-detected shoulder abnormalities,
because shoulder pain may not always originate from the RC ten-
dons. Multiple structures—such as glenohumeral or acromio-
clavicular osteoarthritis and biceps tendon pathology—can in-
dependently contribute to symptoms. Including these variables
in the model helped account for potential confounding from
non-RC sources of pain and isolate the association of interest.
Model 3 adjusted for abnormal clinical shoulder tests because
clinicians often emphasize that treatment decisions are not based
on imaging alone. Including pain-provocation and strength-
deficit tests allowed us to examine whether combining clinical
and imaging findings improves discrimination between symp-
tomatic and asymptomatic shoulders. Details of the radiologi-
cal and clinical covariates are provided in the eMethods in
Supplement 1. We also compared the prevalence of imaging ab-
normalities between shoulders with and without a history of
prior shoulder symptoms in a sensitivity analysis adjusted for
age, sex, level of education, and geographic region.

Adjusted prevalences by symptom group were estimated
using predictive margins derived from the multinomial mod-
els. Adjusted prevalence differences were interpreted as the
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Figure 2. Bar Graph Showing the Prevalence of Rotator Cuff Abnormalities by Age and Sex
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difference in outcome prevalence between groups after con-
trolling for potential confounders, providing easier interpre-
tation of the association between shoulder symptoms and RC
abnormalities.

. |
Results

Characteristics of the Study Population

Atotal of 602 participants (median age, 58 [range, 41-76] years)
underwent clinical shoulder examination and bilateral shoul-
der MRI and were included in the study. Of these, 313 (52.0%)
were females and 289 (48.0%) were males. At the time of the
research visit, 110 participants (18%) reported current shoul-
der symptoms. Among the asymptomatic group, 294 partici-
pants (60%) reported a previous history of shoulder symp-
toms (Table 1). Figure 1 shows the participant flow through
recruitment, eligibility, and inclusion.

Population Prevalence of Imaging Abnormalities

RC abnormalities on MRI were found in 595 participants
(98.7%; 95% CI, 97.5%-99.5%); of these, 25% had tendi-
nopathy, 62% had PTTs, and 11% had FTTs (Table 2). Abnor-
malities were most common in the supraspinatus tendon
(590 [98%]), followed by the infraspinatus (517 [86%]),
subscapularis (499 [83%]), and teres minor (68 [11%]) ten-
dons (eTable 1 in Supplement 1). Gwet AC2 values ranged
from 0.86 to 0.96 across individual RC tendons, reflecting
almost perfect interobserver agreement (eTable 2 in Supple-
ment 1). Structural damage (presence of a PTT or an FTT)
was slightly more common in the dominant shoulder. Of the
70 participants with FTTs, 26 (37%) had bilateral tears
(eTable 3 in Supplement 1).

Population Prevalence of RC Abnormalities by Age
RC abnormalities showed a clear age-related progression, with
milder findings in younger participants and more advanced
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structural damage in older participants (Figure 2). Tendinopa-
thy was the most common finding in those aged 40 to 54 years,
whereas structural tendon damage (PTT or FTT) was the
predominant abnormality from age 55 years and older. No FTTs
were observed in individuals younger than 45 years, but preva-
lence increased from 4% in the group aged 45 to 49 years to
28% in those aged 70 years and older. The prevalence of ab-
normalities was similar between males and females (eTable 4
in Supplement 1).

Population Prevalence of RC Abnormalities

in Asymptomatic and Symptomatic Shoulders

The differences in sociodemographic and clinical character-
istics of asymptomatic (492 [81.7%]) and symptomatic (110
[18.3%]) participants are summarized in Table 1. Those report-
ing current shoulder symptoms had moderate pain and dis-
ability. They were more likely to have a history of shoulder pain,
injuries, and surgeries compared with currently asymptom-
atic individuals. Among currently asymptomatic partici-
pants, sociodemographic and clinical differences as mea-
sured by percentage and mean (SD) between those with and
without a history of shoulder symptoms were small (eTable 5
in Supplement 1).

Of the 1204 shoulders, 1076 (90.6%) were asymptomatic
and 128 (10.4%) were symptomatic. RC abnormalities were ob-
served in 96% of asymptomatic shoulders (1039 of 1076) and
98% of symptomatic shoulders (126 of 128), with a preva-
lence difference of 1.8% (95% CI, —2.9% to 4.7%). While the
prevalence of tendinopathy and PTTs did not differ between
symptomatic and asymptomatic shoulders, FTTs were more
common in symptomatic shoulders (14.6%) than in asymp-
tomatic shoulders (6.5%), yielding a prevalence difference of
8.1% (95% CI, 1.8%-15.1%) (Table 3). Among the 96 FTTs ob-
served, 75 (78%) were identified in asymptomatic shoulders.
Of the 26 participants with bilateral FTTs, 17 (65%) reported
no symptoms in either shoulder and 5 (19%) reported symp-
toms in only 1 shoulder (eFigure in Supplement 1).
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Incidental Rotator Cuff Abnormalities on Magnetic Resonance Imaging

Table 3. Prevalence of Rotator Cuff Abnormalities on MRI Per Shoulder According to the Absence or Presence
of Current Shoulder Symptoms in 1204 Shoulders and Differences in Prevalence Adjusted by Clinically Relevant Confounders®

Asymptomatic (n = 1076) Symptomatic (n = 128)

Difference in prevalence, % (95% CI)“

Rotator cuff finding Patients, Prevalence, %

Patients, Prevalence, %

Model 2: plus other

Model 1: population  imaging Model 3: plus clinical

on MRI No. (95% CI)® No. (95% CI)® prevalence® abnormalities? rotator cuff tests®
Normal 37 3.9(2.4t05.7) 2 2.1(0.0t06.2) -1.8(-4.7t02.9) -1.8(-4.8t02.9) -2.5(-5.2t02.0)
Tendinopathy 427 38.9(35.2t042.2) 34 30.4(22.7 t0 39.4) -8.4(-17.3t01.1) -7.8(-16.9t02.1) -3.3(-12.9t07.7)
Partial-thickness 537 50.6 (46.9 to 54.3) 71 52.8(42.2t061.8) 2.1(-8.8t012.8) 2.9(-7.5t013.2) 5.0 (-6.0to0 16.0)
tear

Full-thickness tear 75 6.5 (4.9 t0 8.3) 21

14.6 (8.8 t020.4)

8.1(1.8t015.1) 6.7 (1.4t012.2) 0.8 (-3.4t06.0)

Abbreviation: MRI, magnetic resonance imaging.

2 MRI findings for each shoulder were classified according to the most severe
abnormality detected in any tendon. Intermittent or continuous shoulder
symptoms were those that lasted at least 1day during the past week.

b Adjusted for age, sex, education, and region.

€ The difference in prevalence is calculated as the prevalence in symptomatic

minus prevalence in asymptomatic participants.

d Adjusted for age, sex, education, region, and coexisting MRI-detected
shoulder abnormalities.

¢ Adjusted for age, sex, education, region, coexisting MRI-detected shoulder
abnormalities, and positive clinical rotator cuff tests.

After adjusting for the 2 clinically relevant potential con-
founders—presence of imaging abnormalities in other shoul-
der structures and positive clinical RC tests—the difference in
FTT prevalence between asymptomatic and symptomatic par-
ticipants was no longer observed (model 3: difference, 0.8%;
95% CI, -3.4% to 6.0%) (Table 3). Also, accounting for tear size
did not change the result in model 3 (eTable 6 in Supple-
ment 1). We also compared the prevalence of imaging abnor-
malities between shoulders with (418) and without (658) a his-
tory of prior shoulder symptoms. Overall, prevalence patterns
were similar between groups, with the exception of FTTs,
which were more frequent in previously symptomatic shoul-
ders (absolute difference, 4.3%; 95% CI, 0.8%-8.1%) (eTable 7
in Supplement 1).

|
Discussion

In a representative sample of the general Finnish population
aged 41 to 76 years, nearly all individuals (99%) had at least 1
RC abnormality detected on MRI. The prevalence and sever-
ity of these findings increased with age and no substantial dif-
ferences were observed between sexes. PTTs were present in
43% of participants aged 45 years or younger, increasing to 65%
in those aged 70 years or older, while FTTs increased from 0%
to 29%. Most RC abnormalities were detected in asymptom-
atic individuals, highlighting the poor concordance between
shoulder symptoms and imaging abnormalities.

The high prevalence of abnormal MRI findings and their poor
concordance with symptoms challenges the routine attribu-
tion of shoulder symptoms directly to imaging abnormalities. In
our study, both tendinopathy and PTTs were equally common
in symptomatic and asymptomatic shoulders. While FTTs were
more prevalent in symptomatic shoulders in unadjusted analy-
ses, there was no difference between symptomatic and asymp-
tomatic shoulders after adjusting for clinically relevant con-
founders, such as clinical examination findings and concurrent
MRI abnormalities. While we cannot dismiss the possibility that
some RC tears may contribute to shoulder symptoms, our find-
ings indicate that we are currently unable to distinguish clini-
cally meaningful MRI abnormalities from incidental findings.
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This limitation persists even when using state-of-the-art 3T MRI
and conducting detailed clinical assessments by experienced
shoulder specialists, highlighting the limited value of imaging
and clinical tests for diagnosing RC disorders and guiding treat-
ment decisions.

These findings have important implications for test inter-
pretation inroutine clinical care. In middle-aged and older adults,
the extremely high pretest probability of MRI-detected RC
changes—approaching 100% in individuals over age 50—
means that the mere presence of an abnormality has limited di-
agnostic value. Such high pretest probability reduces the speci-
ficity and positive-predictive value of MRI findings in detecting
aclinically meaningful condition, making it essential to shift from
asking whether abnormalities exist to whether they plausibly ex-
plain the clinical findings. This reasoning applies even to FTTs
because, especially with increasing age, the baseline likelihood
of detecting such tears is substantial, and most are asymptom-
atic. Consequently, a positive MRI result does not confirm cau-
sality unless features such as a clear traumatic event, acute
strength loss, or persistent functional deficit increase the pre-
test probability. This approach minimizes anchoring on inciden-
tal findings and supports proportionate, patient-centered care.

RC abnormalities were detected in nearly all shoulders of
participants older than age 40 years, challenging the use of tra-
ditional terms such as tear. While we refer to these findings
as abnormalities, many likely represent normal age-related
changes rather than clinically relevant structural changes.
Adopting more precise and less value-laden terminology—
such as lesion, defect, fraying, disruption, structural altera-
tion, or degeneration—may help reduce patient anxiety and the
perceived need to do something or fix something by avoiding
language that implies trauma or a requirement for repair. At a
health-system level, clearer language could reduce overdiag-
nosis and overtreatment, conserving resources for higher
value care.

The existing literature on the prevalence of abnormal RC
imaging findings is limited. To our knowledge, only 3 prior stud-
ies, all at high risk of bias, have reported population-based preva-
lence estimates for RC tears, all of which are broadly consistent
with our findings.?* A South Australian MRI study (30; 60%
female; aged 56-74 years) found a 43% prevalence of PTTs and
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20% prevalence of FTTs.>* An ultrasound study from North
London (463; 100% female; aged 64-78 years) reported a PTT
prevalence of 34% and an FTT prevalence of 11%.3> Another ul-
trasound-based study consisting of the population of a single
mountain village in Japan (683; 67% female; aged 22-87 years)
found an FTT prevalence of 17%.3® A systematic review of 56
studies found no consistent association between imaging find-
ings and symptoms, with most studies being of low method-
ological quality and showing conflicting results.??

Limitations

Some limitations of this study warrant consideration. First, con-
cerns may arise regarding whether noncontrast MRI provides
sufficient accuracy for detecting partial or small RC tears com-
pared with magnetic resonance arthrography (MRA). How-
ever, 2 systematic reviews found that MRI performed compa-
rably to MRA.37-38 Given the invasive nature of MRA, it is less
suitable for population-based research, supporting standard
MRI as a more feasible and ethically acceptable modality for
this study. Second, because our sample was population-
based rather than drawn from individuals actively seeking care,
it likely reflects a milder disease spectrum than is typically seen
in specialty care, where patients may present with more pro-
nounced symptoms and larger RC tears. In our supplemen-
tary analysis, an increase in tear size did not influence the dif-
ference in prevalence between asymptomatic and symptomatic
shoulders in the fully adjusted model. However, large tears
were uncommon in our cohort, limiting our ability to evalu-
ate this subgroup, and conclusions regarding more severe cases
should therefore be made with caution. Third, the possibility
of selection bias cannot be ruled out. To evaluate this, we com-
pared the final study sample with the original, nationally rep-
resentative Health 2000 population across key demographic
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characteristics and found no notable differences. For
example, the observed 7-day prevalence of shoulder pain in
the original Health 2000 survey (a general health survey with-
out a specific focus on musculoskeletal complaints) was 17%,
closely matching the 18% reported in our current study
sample.? Relevant confounders were also accounted for in the
statistical analyses. Fourth, the age range of our participants
(41-76 years) limits the generalizability of our findings to
younger adults, in whom RC abnormalities are more likely to
result from acute traumatic events rather than degenerative
changes. Finally, fluency in Finnish or Swedish was a require-
ment for participation in the study, which may have led to lim-
ited ethnic diversity within the sample and should be consid-
ered when generalizing our findings to other populations.

. |
Conclusions

In this cross-sectional study, MRI examination of the shoul-
der found that RC abnormalities are present in nearly all indi-
viduals over 40 years of age, irrespective of symptoms. Given
that tendinopathy, PTTs, and even FTTs may be incidental find-
ings, clinicians should consider their high population preva-
lence when interpreting imaging results and deciding on in-
terventions targeting these abnormalities. Reframing many of
these findings as normal age-related changes rather than dis-
ease may help guide more appropriate care and reduce un-
necessary interventions. In this context, adopting more pre-
cise and less value-laden terminology may help avoid language
that implicitly suggests that something is broken and re-
quires fixing. Such terminology may reduce patient anxiety,
discourage unnecessary surgical interventions, and help mini-
mize overdiagnosis and overtreatment.
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