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Abstract

Context: Shoulder injury is common even in asymptomatic athletes, but the estimated frequency varies
between studies.

Objective: To conduct a systematic review with meta-analysis to evaluate the frequency of shoulder
pathologies seen on MRI in asymptomatic athletes.

Methods: This systemic review was conducted in accordance to the preferred reporting items for
systemic reviews and meta-analysis guidelines.

Data sources: We searched three electronic databases (PubMed/MEDLINE, Web of Science, Embase)
for studies reporting on frequency of asymptomatic shoulder pathology on MRI using the keywords

“shoulder”, “asymptomatic”, “imaging” and “athlete” up until February 10, 2023.

Study design: Meta-analysis of proportions.
Level of evidence: 3

Data extraction: Data was extracted by 2 authors. Risk of bias assessment was conducted using a 12-item
checklist adapted for frequency studies.

Results: 19 studies with a total of 569 shoulders that underwent MRI analysis were included. The primary
outcome of the study was the pooled frequency of shoulder pathology (rotator cuff, biceps, subacromial
bursa, labrum, Acromioclavicular (AC) joint, humerus) on MRI. The overall pooled frequency estimate of
shoulder pathology is as listed: Rotator cuff pathology at 46% (CI 26% to 67%), biceps tendon pathology
at 5% (CI 1% to 19%), subacromial pathology at 53% (CI 29% to 76%)), labral pathology at 29% (CI 14%
to 52%), AC joint pathology at 28% (CI 14% to 48%), and humeral head pathology at 46% (CI 31% to
62%). From our random effects model subgroup analysis, athletes participating in overhead sport and
elite athletes demonstrated higher frequency of shoulder pathology overall.

Conclusion: Pooled summary estimates of the frequency of shoulder pathology on MRI in asymptomatic
athletes ranged from 5.0% to 55.7%, with significantly higher frequency seen in higher level athletes and
overhead sports. This confirms the hypothesis that there is a high frequency of asymptomatic shoulder
pathology in asymptomatic athletes likely related to wear and tear on the shoulder.

Registration: INPLASY (INPLASY202320108).

Keywords: Magnetic resonance; Imaging; Asymptomatic athletes; Frequency; Shoulder pathologies;
Acromioclavicular; Subacromial bursa, Labrum; Swimming injuries

Introduction

Shoulder injury is common in athletes, particularly in overhead athletes. The shoulder
is at high risk of overuse injury in overhead sports such as baseball, volleyball, tennis, and
swimming because of the repetitive high loads and forces placed on the shoulder during sport.
In baseball, 12 to 19% of injuries are located in the shoulder, and in swimmers, the frequency
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is as high as 23% to 38% of swimming injuries within a single year
[1-3]. Because the shoulders of overhead athletes are subjected to
repetitive motions and forces, the dominant shoulders of overhead
athletes may be subject to more “wear and tear” than that of the
nonathlete regardless of the presence of symptoms. Prior studies
have discovered that athletes participating in overhead sports
demonstrate structural changes that may predispose the athlete to
an overuse shoulder injury [4]. Structural modifications to athletes’
shoulders as a result of participating in athletics, such as scapular
position and glenohumeral rotation, have been discovered after a
single season of play in Division I baseball players [5]. Overhead
athletes also have a high frequency of scapular dyskinesis compared
to their non-athlete cohort, which isa common risk factor associated
with shoulder injury [6]. Again, findings differ by sport: baseball
pitchers demonstrate a lack of scapular upward rotation, while
swimmers demonstrate an increase in scapula anterior tilting [7,8].
Although many acute structural lesions that occur in the shoulder
girdle resolve with time, these athletes may find themselves at
risk for developing chronic shoulder pathology due to overuse
and recurrent microtrauma [9-12]. However, although overhead
athletes are at higher risk of shoulder injury and structural changes,
not all shoulder pathology presents with shoulder pain.

MRI has been extensively utilized as part of the evaluation of
shoulder pathology with great success. However, recent studies have
discovered that many of the changes in pathology seen on advanced
imaging correlate poorly with clinical symptoms, leading to a high
false positive rate of shoulder pathology diagnosed on imaging.
Prior studies evaluating MRI abnormalities in asymptomatic, non-
athlete shoulders have found that up to 30 to 50% of subjects may
demonstrate shoulder pathologies ranging from rotator cuff tears,
labral tears, acromioclavicular joint pathology, and subdeltoid
bursitis, with increasing incidence associated with age [13-16].
It is possible that in athletes with more “wear and tear” on their
shoulder from participating in sports, similar rates of shoulder
pathology on imaging may be seen with or without the presence
of symptoms.

Unlike asymptomaticshoulder pathology diagnosed incidentally
on the non-athlete, aging population, asymptomatic shoulder
pathology seen in athletes has not only an identifiable exacerbating
factor (“wear and tear”) but may also be indicative of an increased

Table 1: Inclusion and exclusion criteria.

risk of (symptomatic) shoulder injury in the future. Although the
presence of asymptomatic shoulder pathology does not necessarily
suggest that an injury is inevitable, it may suggest that certain
biomechanics and imbalances in the supporting muscles of the
shoulder may be improved to prevent injury as an athlete continues
with their sport. Therefore, the purpose of this systemic review and
meta-analysis is to determine a reliable estimate of the frequency of
asymptomatic shoulder pathology seen on advanced imaging (MRI)
in the athlete population. The analysis will also explore if there are
factors that predict an increased frequency of shoulder pathology
in the athlete population.

Methods
Search strategy and selection criteria

This systemic review was conducted in accordance to the
Preferred Reporting Items for Systemic Reviews and Meta-
analysis (PRISMA) guidelines [17] and is registered with INPLASY
(INPLASY202320108). Study investigators searched for studies
reporting the frequency of MRI pathology in asymptomatic
athletes’ shoulders in three electronic databases (PUBMED/
Medline, Embase, Web of Science) with various expansions
(searching “baseball”, “swimming”, “tennis”, etc., in lieu of “athlete”).
Articles from all dates up to February 10, 2023 were eligible for
inclusion. The searches combined terms related to the shoulder,
asymptomatic, MRI, pathology, sports withoutlanguage restrictions
and were adjusted according to database specifications.

Primary outcomes were frequency of shoulder pathology
seen on MRI divided into 6 categories: (i) rotator cuff pathology;
(ii) biceps tendon pathology; (iii) subacromial fluid; (iv) labral
pathology; (v) acromioclavicular (AC) joint pathology; (vi) humeral
head or greater tuberosity pathology. We performed subgroup
analysis to examine difference in frequency between level of
competition (high and low) and sport (overhead or non-overhead).
Two authors (CH, SS) independently assessed all titles and abstracts
of identified reports for eligibility. Full texts were then reviewed
for eligibility of inclusion in the study. The same authors cross-
referenced and reviewed citations in the aforementioned eligible
studies for additional eligible publications. Please see Table 1 for
the full inclusion and exclusion criteria. Please see Table 2 for case
definitions for shoulder pathology by anatomical category.

Inclusion Criteria

Exclusion Criteria

The article must include original data.

Commentaries, book chapters, letters, editorials, conference proceedings,
case reports, conference, abstracts, case series, or reviews

The article must be published in English.

Studies not conducted on athletes

The article must be investigating the shoulder.

Studies conducted on post-surgical patients

The article must include imaging of the shoulder using MRI.

Animal or cadaver studies

The article must include a population of asymptomatic athletes with no
prior history of shoulder surgery

The article must include a number (percent) of asymptomatic subjects
with one of the 6 shoulder findings described in the methods section
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Table 2: Case definitions for shoulder pathology.

Humerus Greater

subscapularis subacromial bursa

tendinopathy

Rotator Cuff Biceps Tendon Subacromial Labral AC Joint Tuberosity Lesser
Tuberosity
Supraspinatus,
infraspinatus, or Biceps tendinosis Thickening of the Labral tear AC Joint Synovitis Cysts

Supraspinatus,
infraspinatus, or
subscapularis partial
tendon tear

Subacromial
subdeltoid fluid

Fluid around the
biceps tendon

Chrondral defects of the

Labral fraying humeral head

AC joint Osteophytes

Supraspinatus,
infraspinatus, or
subscapularis tendon
tear

Biceps tendon

. Subacromial bursitis
abnormality

Paralabral cysts

Signs of AC joint
degenerative arthritis

Cartilage damage to the
humerus

Edematous or
thickened bursa

Increased signal of the

AC joint capsular
thickening or
hypertrophy

Humeral head, greater
tuberosity, or lesser

labrum .
tuberosity osseous edema

SLAP lesion AC joint inflammation Cortical irregularities

Bankart lesion Proximal humeral physis

Bone remodeling

Data extraction

The following information was independently extracted from
the included studies by two investigators (CH, SS): number of
asymptomatic shoulders evaluated, age, sport, level of sport, and
frequency of the 6 shoulder pathologies in dominant shoulder and
non-dominant shoulders. In studies evaluating throwing shoulders,
data from dominant shoulders was extracted while data from
nondominant shoulders were excluded, as the majority of the
studies evaluating asymptomatic pathology in dominant shoulders
utilized the nondominant shoulder as a control. In studies where
data for throwing and nonthrowing arms were not differentiated,
the data was not included in order to maintain consistency. In
studies evaluating nonthrowing sports (such as swimming, rock
climbing, kayaking), all shoulders evaluated in the study were
included in the data since both shoulders are utilized significantly
in the sport and therefore, cannot be used as a control. For shoulder
pathology that included multiple diagnoses that fall under the same
category (for example, greater tuberosity cortical irregularities
and lesser tuberosity cortical irregularities), the largest number

Table 3: Risk of bias summary table.

percentage for frequency was utilized to maintain consistency
between studies and avoid utilizing different pathology in the same
athlete multiple times in the same category. Discrepancies were
double-checked and verified by the authors (CH and SS).

Risk of bias assessment

Three reviewers (CH, BL, KV) independently assessed risk of
bias using a 12-item checklist developed specifically for this review
that was adapted from Culvenor et al. [18], which was previously
adapted from Downs and Black [18,19]. This 12-item checklist
included assessing for duality of reporting, sample size and
representation, distribution of confounders, and ascertainment of
MRI diagnosis. This 12-item checklist customized using specific
items from the downs and black checklist for randomized and
non-randomized studies and a population-based frequency study
checklist. Items related to randomization and intervention were
not relevant to the current review, so were excluded from the
bias study. Discrepancies were discussed with CH, BL, and KV and
resolved with discussion (Table 3).

Study Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 | Overall | Total
Beitzel Yes Yes Yes Unclear Yes Yes No No Yes Yes Yes Yes Yes 9
Beletsky No Yes Yes Yes No Yes No No Unclear Yes Yes Yes Yes 8
Celliers Yes Yes Yes Yes Yes Yes No No Yes Yes Yes Yes Yes 10
Connor Yes Yes Yes Yes No No No No Yes Yes Unclear Yes Unclear 7
Cooper Yes No Yes Yes Unclear Yes Yes Yes Yes Yes Yes Yes Yes 10
Del Grande Yes Yes Yes Yes No Yes No No Yes Yes Yes Yes Yes 9
Fredericson | Yes Yes Yes Yes Unclear Yes No Yes Yes Unclear Yes Yes Yes 9
Hacken Yes Yes Yes No No Yes Yes No Yes Yes Yes Yes Yes 9
Hagemann No No Yes Yes No No Yes No Unclear Yes Yes Yes Unclear 6
Halbrecht No Yes No No No Yes No No Yes Yes Yes Yes Unclear 6
Johansson Yes Yes Yes Yes Yes Yes Yes No Unclear Yes Yes Yes Yes 10
Examines Phy Med Rehab Copyright © Connie Hsu
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Lee Yes Yes Yes Yes No Yes No No Yes Yes Yes Yes Yes 9
Lesniak No Yes Yes Yes Yes Unclear No No Yes Yes Yes Yes Yes 8
Miniaci Yes Yes Yes Yes No Yes No No Yes Yes Yes Yes Yes 9
Noschajew Yes Yes Yes Unclear Yes Yes No Yes Yes Yes Yes Yes Yes 10
Pennock Yes Yes Yes Yes Yes Yes No Yes Yes No Yes Yes Yes 10
Reuter No No Yes Yes No Yes No Yes Yes Unclear Yes Yes Unclear 7
Su Yes Yes Yes Yes No Yes Yes Yes Yes Yes Yes Yes Yes 11
Takahashi No Yes No Yes No Yes No No Yes No Yes Yes Unclear 6

Data synthesis and analysis

The data analysis was conducted in R 4.2.2 (2022). Frequency
estimates of the primary outcomes were calculated by pooling the
study-specific estimates using random-effects proportion meta-
analysis. Pooled binomial proportion 95% confidence interval
estimates for each of the shoulder pathologies were calculated.
Participation in overhead sport was split into two groups:
“overhead” for participation in overhead sport and “not overhead”
for participation in a non-overhead sport. Level of play was also
split into 2 groups: “elite” level being collegiate and professional
play, and “not elite” level being youth, recreational, and recreational
competitive. All analyses had a significance threshold of p<0.05.
Between study heterogeneity was evaluated for each primary
outcome using the I? statistic [20]. Tests for subgroup differences
was conducted using standard chi-square (X?) tests and the I?

Table 4: Risk of bias analysis.

statistic for between group heterogeneity.
Results
Study characteristics and quality assessment

Fifteen cross-sectional studies and 4 longitudinal studies
involving a total of 569 shoulders were included in this review. The
mean number of shoulders evaluated per study was 43.6 (range 7
to 100 shoulders). The mean age was 25.0 (range 11.0 to 40.2). 480
shouldersincluded were from athletes who participated in overhead
sports (84.4%). 89 shoulders came from athletes participating in
non-overhead sports (15.6%). The majority (83.7%) of shoulders
were from athletes studied competed at an elite level (college and
profession). Out of a possible 12 points on the risk of bias scoring
criteria, the mean score was 8.58. (See Table 4 for a comprehensive
summary of the data) (Figure 1).

Questions derived from Downs and Black checklist for randomized and non-randomized studies and adapted from Culvenor et al:
Downs and Black checklist Response options
1. Is the primary hypothesis/aim of the study to evaluate shoulder MRI pathology in asymptomatic Yes No Unclear Not applicable
athletes?
2. Are the main outcomes to be measured clearly described in the introduction or methods section? Yes No Unclear Not applicable
3. Are the characteristics of the patients included in the study clearly described? Yes No Unclear Not applicable
4. Is the population of interest clearly described? Yes No Unclear Not applicable
5. Are the distributions of principal confounders .in each group of subjects to be compared clearly Yes No Unclear Not applicable
described?
6. Are the main findings of the study clearly described? Yes No Unclear Not applicable
7. Was the sample size included in the analysis adequate (i.e., 230)? Yes No Unclear Not applicable
8. Were the subjects asked to participa.te in the study reprfasentative of the entire population from Yes No Undlear Not applicable
which they were recruited?
9. Were the main outcome measures used accurate (valid and reliable)? Yes No Unclear Not applicable
Questions derived from Hoy et al. checklist for population-based prevalence studies
10. Was an acceptable case definition used in the study? Yes No Unclear Not applicable
11. Was the same mode of data collection used for all subjects? Yes No Unclear Not applicable
Additional question adapted for this study
12. Was the person(s) scoring the MR.I scans dgscribed and suitably qualified (i.e., radiologist, or Yes No Unclear Not applicable
reliable trained observer)?
Overall appraisal: Include 0 Exclude o Seek further info o
M. The Joanna Briggs Institute (JBI) Critical Appraisal Checklist for studies reporting prevalence data (last amended in 2017)
Website: https://joannabriggs.org/critical_appraisal_tools
https://wiki.joannabriggs.org/display/MANUAL/
Appendix+5.1%3A+Critical+Appraisal+Instrument+for+Studies+Reporting+Prevalence+Data
Major Components Response options
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1. Was the sample frame appropriate to address the target population? Yes No Unclear Not applicable

2. Were study participants sampled in an appropriate way? Yes No Unclear Not applicable

3. Was the sample size adequate? Yes No Unclear Not applicable

4. Were the study subjects and the setting described in detail? Yes No Unclear Not applicable

5. Was the data analysis conducted with sufficient coverage of the identified sample? Yes No Unclear Not applicable

6. Were valid methods used for the identification of the condition? Yes No Unclear Not applicable

7. Was the condition measured in a standard, reliable way for all participants? Yes No Unclear Not applicable

8. Was there appropriate statistical analysis? Yes No Unclear Not applicable

9. Was the response rate adequate, and if not, was the low response rate managed appropriately? Yes No Unclear Not applicable
49 Embase

251 articles identified using the search terms “shoulder”,

“asymptomatic”, “athlete”, “imaging”

166 PubMed/Medline
36 Web of science

¥
211 titles and abstracts screened

» 40 duplicates removed

182 articles excluded
Not in English

4
29 articles remaining

» Not original data
Not conducted on athletes
MRI was not conducted on the athletes

11 articles excluded after full text review
Reasons for exclusion:

1 article included after full text

reference review
Celliers et al.

v
19 articles included

#  Abstracts (4)

Data studied symptomatic and asymptomatic
athletes, but did not differentiate reported data
between the two (6) — described in the summary
table and discussion

Full text was in German (1) — described in the
summary table and discussion

Figure 1: Flow diagram for identifying studies.

Frequency of rotator cuff pathology

Eighteen studies evaluated for frequency of rotator cuff
pathology in asymptomatic athletes. Case definitions for rotator
cuff pathology included rotator cuff tendinosis/tendinopathy and
partial or full thickness tears (See Table 4 for complete descriptions
of rotator cuff pathology seen on MRI). The overall pooled frequency
estimate was 46% (95% CI 26% to 67%). A random effects model
was used due to significant between study heterogeneity (12=83%,
p<0.01). Studies that included participation in overhead sport

had a pooled frequency of 55% (95% CI 32% to 76%), compared
to studies that included participation in non-overhead sport with
a pooled frequency of 17% (95% CI 6% to 40%). Using a random
effects model, there was a significant difference in frequency of
rotator cuff pathology between overhead sport and non-overhead
sports (X?=5.13, p<0.05) (See Figure 2). A similar analysis was
conducted to compare elite athletes versus non-elite athletes,
which demonstrated pooled frequency of 52.6% (95% CI 25.8% to
78.0%) and 28.3% (95% CI 15.7% to 45.6%) respectively. However,
this difference was not significant (X?=2.90, p=0.09) (See Figure 3).
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Study Events Total Proportion 95%-Cl
Sport = overhead il

Beitzel (Javelin), 2013 o 15— 0.00 [0.00; 0.22]
Beitzel (Volleyball), 2013 0 15E— i h 0.00 [0.00;0.21]
Beletsky (Baseball), 2022 15 22 e 0,68 [0.45; 0.86]
Celliers (Swimming), 2017 8 29 — 0.31 [0.15; 0.51]
Connor (Baseball and Tennis), 2022 g 20 —_—r 0.40 [0.19;0.84]
Cooper (Rock Climbing), 2022 80 100 P — 0,80 [0.71; 0.87]
Del Grande (Baseball), 2016 13 18 T 0.68 [0.43; 0.87]
Fredericson (Swimming and Volleyball), 2009 13 18 : - 1.00 [0.81; 1.00]
Halbrecht (Baseball), 1999 4 10 —_— 0.40 [0.12; 0.74]
Johansson (Tennis), 2015 16 35 —_— 0.48 [0.29; 0.63]
Lee (Volleyball), 2020 23 28 — 0.88 [0.70; 0.98)
Lesniak (Baseball), 2013 20 21 f o 0.95 [0.76; 1.00]
Miniaci (Baseball), 2002 " 14 +— 0.79 [0.49; 0.95]
Pennock (Baseball), 2018 4 23 —8— 0.17 [0.05:0.39)
Su (Basebal[recreational]), 2020 12 30 ——— 0.40 [0.23; 0.59]
Su (Baseball[elite]), 2020 47 &8 o — 0.69 [0.57; 0.80]
Common effect model 466 Doae 0.60 [ﬁ.ﬁ&: tI.MI
Ra ——=l=-— 0.55 [0.32; 0.T€]
Sport = not overhead H

Hacken (lce Hockey), 2019 3 49 = P 0.06 [0.01;0.17]
Hagemann (Baseball), 2004 3 11 —s 0.27 [0.06; 0.61)
Moschajew (Strength Training), 2022 2 2= P 0.09 [0.01; 0.29]
Reuter (Ironman Triathlon), 2008 4 T —_— 0.57 [0.18;0.90]
Common effect model 89 i 0.13 [0.08; 0.22]
Random effects model —_— i 017 [0105'. UM]
Commaon effect model 585 - 0.53 [0.48; 0.57]
Random effects model | . -?T- | . 0.46 [0.26; 0.67]
Heterogeneity: I° = 83%, 1° = 3.5550, p < 0.01 0 02 04 06 08 1

Tast for subgroup differences (common effect): 1; = 4888, df =1 (p =0.01)
Tast for subgroup differences (random effects): 3| = 5.13, df = 1 (p = 0.02)

Figure 2: Forest plot by sport subgroup for rotator cuff pathology.

Study Events Total Propertion 95%-Cl
Level = elite i

Beitzel (Javelin), 2013 0 15— 0.00 [0.00;0.22]
Beitzel (Volleyball), 2013 0 16— P 0.00 [0.00;0.21]
Beletsky (Baseball), 2022 15 22 —H—— 0.68 [0.45,0.86]
Celliers (Swimming), 2017 9 20 ‘———'-‘ 0.31 [0.15,0.51]
Conner (Baseball and Tennis), 2022 8 20 —a— 0.40 [0.19; 0.64)
Cooper (Rock Climbing), 2022 80 100 i —= 0.80 [0.71;0.87]
Del Grande (Baseball), 2016 13 19 — 0.68 [0.43,0.87)
Fredericson (Swimming and Volleyball), 2009 18 18 i — 1.00 [0.81;1.00]
Hacken (lce Hockey), 2019 3 49 = 0.06 [0.01;0.17]
Halbrecht (Baseball), 1999 4 10 — 0.40 [0.12;0.74)
Johansson (Tennis), 2015 168 35 —= 0.46 [0.290.63]
Lee (Volleyball), 2020 23 % i 1 — = 0.88 [0.70; 0.98]
Lesniak (Baseball), 2013 20 21 H —= 0.95 [0.76; 1.00]
Miniaci (Baseball), 2002 1 14 ———— 0.79 [0.49; 0.95]
Su (Baseball|elite]), 2020 47 6B Lo — e 0.69 [0.57,0.80]
Common effect model 462 Lo 0.58 [0.53; 0.62]
Random effects mode —'l-.¢-— 0.54 [ﬂ.zf; n_fﬂl
Level = not elite :

Hagemann (Baseball), 2004 3 11 —— 0.27 [0.06, 0.81]
Noschajew (Strength Training), 2022 2 22 =5— 8 0.09 [0.01;0.29)
Pennock (Baseball), 2018 4 23 —=— i 0.17 [0.05;0.39]
Reuter (Ironman Trathlon), 2008 4 7 —'—E-t-— 0.57 [0.18;0.90]
Su (Baseballjrecreatianal]), 2020 12 30 —_—r 0.40 [0.23;0.59]
Common effect model 93 _ 0.27 [0.19; 0.37)
Random effects mode ] H 0.26 [9.15; IHZI
Common effect model 555 = 0.53 [0.48; 0.57]
Random effects model —_———— 0.46 [0.26; 0.67]

T T T T T 1
Heterogeneity; I° = 83%, 1° = 3.5550, p < 0.01 0 02 04 06 08 1

Teat for subgroup diferences (common effect): 12 =27.18,di=1 (p < 0.01)
Test for subgroup differences (random effects); x5 = 2.90, df = 1 (p = 0.08)

Figure 3: Forest plot by level subgroup for rotator cuff pathology.
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Frequency of biceps tendon pathology

Eight studies reported on the frequency of asymptomatic
biceps tendon pathology. MRI analysis evaluated for evidence of
biceps tendinosis/tendinopathy. The overall pooled frequency
estimate for biceps tendon pathology was 5% (95% CI 1% to
19%). A random effects model was used due to significant between
study heterogeneity (I2=88%, p<0.01). Studies that included

participation in overhead sport had a pooled frequency of 8% (95%
CI 2% to 30%), compared to studies that included participation in
non-overhead sport with a pooled frequency of 1% (CI 0% to 9%).
This difference was not significant (X?=1.78, p=0.18) (See Figure 4).
Since there was only one study that investigated for biceps tendon
pathology in non-elite athletes, a subgroup analysis by level of sport
was not performed.

Study Events Total Proportion 95%-CI
Overhead = overhead
Beitzel (Javelin), 2013 1 15 =—+ 0.07 [0.00; 0.32]
Beitzel (Volleyball), 2013 2 16 ——F— 0.12 [0.02; 0.28]
Beletsky (Baseball), 2022 0 25— i 0.00 [0.00; 0.15]
Celliers (Swimming), 2017 2 29 -F=— 0.07 [0.01; 0.23]
Cooper (Rock Climbing), 2022 73 100 : = 0.73 [0.83; 0.81]
Del Grande (Baseball), 2016 2 19 —B—+— 0.11 [0.01; 0.33]
Miniaci (Baseball), 200. 0 14— 0.00 [0.00; 0.23]
Co on effect e 215 = 0.37 [0.31; 0.44]
ts mod e 0.08 [0.02; 0.30]
Overhead = not overhead
Hacken (lce Hockey), 2019 1 49 b= 0.02 [0.00; 0.11]
Noschajew (Strength Training), 2022 0 22— 0.00 [0.00; 0.15]
Ce on effect mode e 0.01 [0.00; 0.09]
Random effects model = 0.01 [0.00; 0.09]
Commeon effect model 2886 <= 0.28 [0.23; 0.34]
Random effects model I{=='—I : : 0.05 [0.01; 0.19]
Heterogeneity: I° = 88%, <* = 3.7058, p < 0.01 0 02 04 08 08

Test for subgroup differences (common effect): f =13.42 df=1(p <0.01)
Test for subgroup differences (random effects): 3, = 1.78, df =1 (p = 0.18)

Figure 4: Forest plot by sport subgroup for biceps tendon pathology.

Frequency of subacromial pathology

Seven studies reported the frequency of asymptomatic
subacromial bursitis on MRI. The overall pooled frequency
estimate of subacromial pathology is 57% (95% CI 24% to 85%).
A random effects model was used due to significant between study
heterogeneity (1’=87%, p<0.01). Subgroup analysis for overhead

sport was unable to be conducted, since all studies that reported
frequency of asymptomatic subacromial pathology were conducted
on overhead athletes. Studies that were conducted on elite athletes
compared to non-elite athletes demonstrated a random effects
model pooled frequency of 74% (95% CI 50% to 89%) and 9%
(95% CI 4% t021%), respectively, which was significant (X?=21.53,
p<.01) (See Figure 5).

Study Events Total Proportion 85%-ClI
Beitzel (Javelin), 2013 1 15 === 0.07 [0.00; 0.32)
Beitzel (Volleyball), 2013 2 16 —= 0.12 [0.02; 0.38)
Beletsky (Baseball), 2022 0 2 0.00 [0.00; 0.15]
Celliers (Swimming), 2017 2 M = 0.07 [0.01;0.23]
Cooper (Rock Climbing), 2022 73 100 —— 0.73 [0.63; 0.81]
Del Grande (Baseball), 2016 2 19 —=— 0.11 [0.01; 0.33]
Hacken (lce Hockey), 2019 1 49 0,02 [0.00;0.11]
Miniaci (Baseball), 2002 0 140 0.00 [0.00; 0,23
Commeon effect moc 264 - 0.31 [0.25; 0.37]
— 0.06 [0.01; 0.23]
Moschajew (Strength Training), 2022 0 22— 0.00 [0.00; 0.15]
Commeon effect model 286 — 0.28 [0.23; 0.34)
Random effects model I-=-‘:‘-=-—I : : 0.05 [0.01; 0.19]
I i
Heterogeneity: I° = 88%, ¢ = 3.7058, p < 0.01 0 02 04 06 08 1

Tast for subgroup differences (common effect): y_} =0.00,df =1 {p = 1.00)
Test for subgroup differences (random effects). 3, = 0.00, df = 1 (p = 1.00)

Figure 5: Forest plot by level subgroup for biceps tendon pathology.
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Frequency of labral pathology

Sixteen studies reported the frequency of asymptomatic labral
pathology. Case definitions for labral pathology included labral
signal abnormalities, tears, degeneration, and lesions (See Table 4
for complete descriptions of labral pathology seen on MRI in each
study). The overall pooled frequency estimate of labral pathology
is 29% (95% CI 14% to 52%). A random effects model was used
due to significant between study heterogeneity (I>= 81%, p<0.01).

Study Events Total
Beitzel (Javelin), 2013 11 15
Beitzel (Volleyball), 2013 8 16
Beletsky (Baseball), 2022 6 22
Celliers (Swimming), 2017 10 29
Cooper (Rock Climbing), 2022 79 100
Del Grande (Baseball), 2016 10 19
Fredericson (Swimming and Volleyball), 2009 18 18
Miniaci (Baseball), 2002 12 14
Su (Baseball[elite]), 2020 38 68
Common eff mode 301
Random effect ode

(W not alite

Pennock (Baseball), 2018 1 23
Su (Baseball[recreational]), 2020 4 30
Common ¢ model 53
Random ef 1

Common effect model 354

Random effects model

Heterogeneity: I° = 84%, t° = 2.5558, p < 0.01

Random effects subgroup analysis conducted on overhead athletes
demonstrated a pooled frequency for labral pathology of 37%
(95% CI 18%, 61%) compared to 10% (95% CI 2% to 38%). This
relationship was not statistically significant (X°=2.73, p=0.10) (See
Figure 6). Random effects subgroup analysis conducted on elite
athletes demonstrated a pooled frequency of 38% (95% CI 21% to
59%) compared to 29% (95% CI 14% to 22%) in non-elite athletes.
This relationship was statistically significant (X?=18.84, p<0.01)
(See Figure 7).

Proportion 85%-Cl

0.73 [0.45; 0.92]
0.50 [0.25; 0.75]
0.27 [0.11; 0.50]
0.34 [0.18; 0.54]
0.79 [0.70; 0.87]
0.53 [0.29; 0.76]
1.00 [0.81; 1.00]
0.86 [0.57; 0.98]
0.56 [0.43; 0.68]
0.64 [0.58; 0.69]
0.65 [0.46; 0.80]

0.04 [0.00; 0.22]
0.13 [0.04; 0.31]
0.09 [0.04; 0.21]
0.09 [0.04; 0.21]

0.56 [0.50; 0.81]
0.53 [0.29; 0.76]

| T T T 1
02 04 06 08 1

Test for subgroup differences (common effect): ;-" = 34,00, df =1 (p = 0.01)
Test for subgroup differences (random effects). | = 21.59, df = 1 (p < 0.01)

Figure 6: Forest plot by level subgroup for subacromial pathology.

Study Events Total Propoertion 95%-ClI
Beitzel {Javehn), 2013 o 15— i | 0.00 [0.00;0.22]
Baitzel (Wolleyball), 2013 1 16 -'-—* 0.06 [0.00; 0.30]
Beletsky (Baseball), 2022 g 22 —— 0.41 [0.21; 0.64]
Celliers (Swimming), 2017 3 95— 0.10 [0.02;0.27]
Ceoper (Rock Climbing), 2022 69 100 ' —= 0.69 [0.59; 0.78]
Del Grande (Baseball), 2016 15 19 ' — 0.84 [0.80; 0.97]
Fredericson (Swimming and Volleyball), 2009 18 28 — 0.64 [0.44; 0.81]
Halbrecht (Baseball), 1999 I 1N ——— 0.20 [0.07; 0.65]
Lee (Volleyball), 2020 14 26 —— 054 [0.33;0.73]
Lesniak (Baseball), 2013 13 21 — 0.62 [0.38; 0.82]
Miniaci (Baseball), 2002 1M1 14  — 0.79 [0.49; 0.95]
Pennack (Baseball), 2018 4 23 —=— 0.17 [0.05; 0.39]
Su (Baseball[recreaticnal)), 2020 0 3E— 1 0.00 [0.00;0.12]
Su (Baseball[elite]), 2020 26 B8 —&— 0.38 [0.27, 0.51)
Takahashi (Baseball), 2021 13 14 : —8 0.93 [0.66; 1.00]
Common effect model 435 ; 0.46 [0.41; 0.51]
....... ——e— 0.37 [0.18; 0.81)
Hacken (lce Hockey), 2019 12 49 —&— 0.24 [0.13;0.39]
Noschajew (Sirength Training), 2022 1 & — : 0.05 [0.00; 0.23]
Reuter (lronman Triathlon), 2008 0 e 0.00 [0.00; 0.41]
Common effect model 78 === 047 [0.10; 0.27]
Random effects —— 0.10 [0.02; 0.38]
Commoen effect model 513 - 0.42 [0.37; 0.48]
Random effects model ; -1='—‘=i- . | 0.29 [0.14; 0.52]
Hetarogeneity: I = 81%, +* = 35785, p < 0.01 0 02 04 06 08

Test for subgroup differences (commaon effect): x; =2065 df =1(p=001)
Test for subgroup differences (random effects): y} = 2.73, df = 1 (p = 0.10)

Figure 7: Forest plot by sport subgroup for labral pathology.
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Frequency of AC joint pathology

Eleven studies reported the frequency of asymptomatic AC
joint pathology. Case definitions for AC joint pathology included
evidence of arthritis or arthrosis, joint hypertrophy, osteophytes,
and inflammation (See Table 4 for complete descriptions of AC
joint pathology seen on MRI in each study). The overall pooled
frequency estimate of AC joint pathology is 28% (95% CI 14% to
48%). A random effects model was used due to significant between

study heterogeneity (I1°=79%, p<0.01). Random effects subgroup
analysis conducted on overhead athletes demonstrated a pooled
frequency of AC joint pathology of 21% (95% CI 10% to 40%)
compared to 49% (95% CI 18% to 81%). This relationship was not
statistically significant (X?=2.09, p=0.15) (See Figure 8). Random
effects subgroup analysis conducted on elite athletes demonstrated
a pooled frequency of 20% (95% CI 9% to 39%) compared to 51%
(95% CI 20% to 81%) in non-elite athletes. This relationship was
not statistically significant (X?=2.61, p=0.11) (See Figure 9).

Study Events Total Proportion 95%-ClI
Level = lite : :
Beitzel (Javelin), 2013 0 i5FE— 0.00 [0.00;0.22]
Beitzel {(Volleyball), 2013 1 16F— 0.06 [0.00; 0.30]
Beletsky (Baseball), 2022 9 22 —— 0.41 [0.21; 0.64]
Celliers (Swimming), 2017 3 28— 0.10 [0.02;0.27]
Cooper (Rock Climbing), 2022 69 100 P = 0.69 [0.59; 0.78]
Del Grande (Baseball), 2016 16 19 : —_— 0.84 [0.80;0.97]
Fredericson (Swimming and Volleyball), 2009 18 28 A e 0.64 [0.44;0.81]
Hacken (lce Hockey), 2019 12 49 —F— 0.24 [0.13;0.39]
Halbrecht (Baseball), 1989 3 10 — 0.30 [0.07; 0.65)
Lee {Volleyball), 2020 14 26 e 0.54 [0.33;0.73)
Miniaci (Baseball), 2002 11 14 P 0.79 [0.49; 0.95]
Su (Baseball[elite]), 2020 26 68 —8— 0.38 [0.27; 0.51]
c H node 396 L 0.46 [0.41; 0.51]
R i del — 0.38 [0.21; 0.59]
Level = eliie o
Lesniak (Baseball), 2013 13 21 H -r—-'-— 0.62 [0.38; 0.82]
Level = not elite
MNoschajew (Strength Training), 2022 1 28— 0.05 [0.00;0.23]
Pennock (Baseball), 2018 4 23 —/. 0.17 [0.05; 0.38]
Reuter (Ironman Triathlon), 2008 0 B 0.00 [0.00; 0.41]
Su (Baseball[recreational]), 2020 0 30— : 0.00 [0.00;0.12]
Common affect modal 82 < ' 0.06 [0.03; 0.14]
cts mod e : 0.04 [0.01; 0.22]
Level = etlie
Takahashi (Baseball), 2021 13 14 —_— 0.93 [0.66; 1.00]
Common effect model 513 i = 0.42 [0.37; 0.46]
Random effects model | -I-‘_»———"—I'-— : . 0.29 [0.14; 0.52)
Heterogeneity: 12 = 81%, ©* = 3.5765, p < 0.01 0 02 04 08 08

Test for subgroup differences (common effect); x; =39.68,df =3 (p<0.01)
Tesl for subgroup differences (random effects): 35 =18.84. df=3 (p = 0.01)

Figure 8: Forest plot by level subgroup for labral pathology.

Study Events Total Proportion 95%-ClI
Beitzel (Javelin), 2013 1 15 — 0.07 [0.00; 0.32]
Beitzel (Volleyball), 2013 0 16— 0.00 [0.00; 0.21]
Celliers (Swimming), 2017 1 29 —— 0.38 [0.21; 0.58]
Cooper (Rock Climbing), 2022 28 100 —— 0.28 [0.19; 0.38]
Del Grande (Baseball), 2016 4 19 —=— 0.21 [0.06; 0.46]
Lee (Volleyball), 2020 18 26 —— 0.69 [0.48; 0.86]
Miniaci (Baseball), 2002 4 14 L 0.29 [0.08; 0.58)
Pennock (Baseball), 2018 2 23 B 0.09 [0.01; 0.28)
C mon effect mode 242 - 0.28 [0.23; 0.34]
i 0.21 [0.10; 0.40]
Sport = not overhead
Hacken (lce Hockey), 2019 4 49 = 0.08 [0.02; 0.20]
Hagemann (Baseball), 2004 8 1 | 0.73 [0.39; 0.94]
Meoschajew (Strength Training), 2022 14 22 P 0.64 [0.41;0.83)
Reuter (Ironman Triathlon), 2008 5 T —— 0.71 [0.29; 0.96]
Ce on effect mode 89 e 0.35 [0.26; 0.45]
R: | ——— 0.49 [0.18; 0.81]
Common effect model 33 = 0.30 [0.25; 0.35]
Random effects model = 0.28 [0.14; 0.48)
Heterogeneity: I° = 79%, «° = 1.8561, p < 0.01 0 02 04 06 08

Test for subgroup differences (common effect): 17 =140,df =1(p =0.24)
Test for subgroup differences (random effects): y, = 2.09.df = 1 (p = 0.15)

Figure 9: Forest plot by sport subgroup for ac joint pathology.
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Frequency of humeral head pathology

Twelve studies reported the frequency of asymptomatic
humeral pathology. Case definitions for humeral head pathology
included humeral head cysts, cartilage damage, osseous changes,
and humeral head bone remodeling (See Table 4 for complete
descriptions of humeral head pathology seen on MRI in each study).
The overall pooled frequency estimate of humeral head pathology
is 46% (95% CI 31% to 62%). A random effects model was used

due to significant between study heterogeneity (12=69%, p<0.01).
Since there was only one study that investigated humeral head
pathology in non-overhead sports, subgroup analysis conducted
on overhead sports compared to non-overhead sports was not
performed. Random effects subgroup analysis conducted on elite
athletes demonstrated a pooled frequency of 56% (95% CI 41% to
70%) compared to 19% (95% CI 11% to 29%) in non-elite athletes.
This relationship was statistically significant (X*=15.75, p<0.01)
(See Figure 10).

Study Events Total Proportion 95%-Cl
Beitzel (Javelin), 2013 1 15 &= 0.07 [0.00; 0.32]
Beitzel (Volleyball), 2013 0 16— 0.00 [0.00; 0.21]
Celliers (Swimming), 2017 11 29 i 0.38 [0.21; 0.58)
Cooper (Rock Climbing), 2022 28 100 —— 0.28 [0.19; 0.38)
Del Grande (Baseball), 2016 4 19 L o 0.21 [0.06; 0.46]
Hacken (lce Hockey), 2019 4 49 = 0.08 [0.02; 0.20]
Lee (Volleyball), 2020 18 26 i — 0.69 [0.48; 0.86)
Miniaci (Baseball), 2002 4 14 = 0.29 [0.08; 0.58]
268 = 0.26 [0.21; 0.32]
—_— 0.20 [0.09; 0.39]
Hagemann (Baseball), 2004 8 11 0.73 [0.39; 0.94]
Moschajew (Strength Training), 2022 14 22 ;- . - 0.64 [0.41; 0.83)
Pennock (Baseball), 2018 2 3= 0.09 [0.01; 0.28)
Reuter (Iranman Triathlen), 2008 5 7 —l 0.71 [0.29; 0.96)
63 | 0.46 [0.34; 0.58]
———— 0.51 [0.20; 0.81]
Commeon effect model 3 <= 0.30 [0.25; 0.35]
Random effects model ] —— . 0.28 [0.14; 0.48]
Heterogeneity: I° = 79%, ¢ = 1.8561, p < 0.01 0 02 04 06 08

Test for subgroup differences (common effect): y_’ =932, df=1(p <0.01)
Test for subgroup differences (random effects). 3, = 261. df =1 (p =0.11)

Figure 10: Forest plot by level subgroup for ac joint pathology.

Discussion

This systematic review and meta-analysis of 19 studies
involving 569 shoulders demonstrated that shoulder pathology
on MRI is common in asymptomatic shoulders in athletes
participating in a large variety of sports. The frequency of shoulder
pathology on MRI is related to level of sport and type of sport. In
elite athletes with higher training burden, the degree of wear and
tear on the shoulder is expected to increase. This study’s results are
consistent with this hypothesis, with the exception of pathology in
the AC joint. Overhead athletes also demonstrated overall higher
rates of shoulder pathology across all anatomical regions with the
exception of the AC joint. Current literature notes AC joint pathology
is more prevalent in strength training sports compared to overhead
sports, which reflects our findings [21,22]. Overall, the data from
this systematic review suggests an intensity related process of
wear and tear on athletes’ shoulders. The following portion of the
discussion will contain a summary breakdown of the evidence from
this study, as well as similar studies in the literature that confirm
this hypothesis.

Summary of evidence for shoulder pathology in
asymptomatic athletes

Most of the evidence surrounding the presence of asymptomatic
shoulder pathology in athletes is focused on athletes who play
overhead sports. Although the studies are limited, the sports that
have been investigated noted in the literature are baseball, tennis,

gymnastics, volleyball, rock climbing, water polo, swimming, and
strength training. In this conclusion, we summarized the findings
from our systematic review and included a discussion with evidence
from other similar studies that did not meet the inclusion criteria.

Baseball: Close to half of the studies included in this
systematic review evaluated shoulder pathology in asymptomatic
baseball players. Baseball pitchers place a particularly high level
of force placed on the shoulder compared to the average athlete.
The frequency of rotator cuff, subacromial, labral, and humeral
pathology in baseball players was high, particularly in elite college
and Major League baseball players. In addition to the data extracted
on dominant shoulders of baseball players, several studies also
evaluated shoulder pathology in the control, asymptomatic
nondominant shoulders of baseball players to compare the
frequency with that of the dominant shoulders. Miniaci et al. [23]
have demonstrated a similar frequency in rotator cuff pathology
between the two groups, but a significant difference between
nonthrowing and throwing shoulders regarding pathology in the
glenohumeral joint (like degenerative cysts of the humerus) [23].
However, this finding is not consistent between studies, since
Halbrecht et al discovered that there was a significant difference in
the frequency of rotator cuff pathology and labral pathology between
throwing and nonthrowing arms in a study of 10 baseball players
and concluded that MRI abnormalities are diagnosed at higher
rates in asymptomatic throwing shoulders than in nonthrowing
shoulders [24]. Pennock et al agreed with the findings discovered
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by Halbrecht et al; the dominant arm was 8.5 times more likely to
have an abnormality on MRI compared with the nondominant arm,
and 52% of players had positive findings on MRI in their throwing
shoulder that were not present in their nondominant shoulder [25].
A similar study by Takahashi demonstrated that there was a high
frequency of rotator cuff and subacromial pathology bilaterally,
but dominant shoulders demonstrated more labral head and labral
pathology [26].

One study conducted by Su et al. [27] investigated the
frequency of shoulder pathology between professional baseball
players compared to recreational baseball players and found that
professional baseball players demonstrated increased rates of
rotator cuff tears, labral lesions, subacromial/subdeltoid bursitis,
and proximal humerus lesions compared to recreational players
[27]. Overall, although the evidence does not completely agree
on the type of shoulder pathology that is seen most commonly in
baseball players, the evidence strongly supports that compared
to the general population, baseball players tend to have a higher
frequency of abnormalities in the labrum and humerus on MRI
[23,27]. Whether or not these lesions suggest early, subclinical
pathology or serve as a baseline for expected pathology in baseball
players is yet to be determined.

Tennis: Tennis is an asymmetric sport that activates specific
muscle patterns, particularly in the supraspinatus, infraspinatus,
and teres minor muscles during the complex serving motion [28].
The studies conducted on asymptomatic tennis players are limited,
but the data has demonstrated a high frequency of around 46%
of rotator cuff pathology in the dominant shoulders of elite tennis
players. Specifically, the major finding of the study conducted by
Johansson [28] was that in their population of asymptomatic tennis
players, there was a statistically significant increase in frequency
of infraspinatus tendinosis in the dominant arm compared to
the nondominant arm [28]. This may be because tennis players
tend to develop an increase in internal rotation strength of their
dominant shoulder at the expense of external rotation, which may
lead to a decrease in infraspinatus strength, and subsequently,
an increase in infraspinatus tendinopathy, as the primary action
of the infraspinatus muscle is external rotation of the shoulder
[29,30]. A different study investigated tennis and baseball players
and demonstrated that rotator cuff pathology is more common
in tennis players, while Bennett’s lesions were more common in
baseball players, but did not differentiate between tennis players
and baseball players regarding the other shoulder pathologies
[31]. Therefore, it was difficult to draw conclusions specific tennis
players based on data from the study [31]. However, the overall
findings agree with the hypothesis that rotator cuff pathology may
be more prevalent in tennis players with or without the presence of
symptoms [28,31].

Swimming: Shoulder pain is the most common musculoskeletal
complaint in competitive [32,33]. Competitive
swimmers average a distance of 60 to 80km per week and 1.56
million overhead rotations per year [34]. The repetitive motions of
the swimming overhead strokes places significant stresses on the
rotator cuff and glenohumeral joint of swimmers, resulting in the
“swimmer’s shoulder” [34,35]. Prior studies have demonstrated

swimmers

that MRI changes of the shoulder in swimmers are similar to
those found on MRI of nonathlete patients with painful clinical
syndromes. In one study conducted by Sein et al. that was not
included in our study that was conducted on majority symptomatic
swimmers (91%), 84% of the swimmers had positive impingement
sign and 69% demonstrated supraspinatus tendinopathy on MRI.
This group of majority symptomatic, young swimmers (average age
of 15.9) also had imaging findings of labral tears, abnormalities to
the biceps tendon sheath, abnormal acromion shape morphology,
thickening of the subacromial bursaand fluid, and acromioclavicular
degeneration [35].

Celliers et al. [36] evaluated symptomatic and asymptomatic
shoulders, which demonstrated that 86.2% of
asymptomatic shoulders had abnormal MRI changes, with findings
consistent for partial supraspinatus tear (45.5% in symptomatic
shoulders compared to 20.7% in asymptomatic shoulders),
subacromial fluid (45.5% versus 34.5%), AC joint arthrosis (36.4%
versus 34.5%), biceps tendinosis (18.2% versus 6.9%), and
increased signal of the labrum/labral tears (10% versus 10.3%)
[36]. A more recent study published by Holt et al. [37] that was not
included in this study included a population of 45 asymptomatic
swimmers and 15 symptomatic swimmers (18 out of a total 120

swimmers’

shoulder were symptomatic) and demonstrated supraspinatus
tendinopathy in 70% of shoulders and subscapularis tendinopathy
in 77% of swimmers, along with evidence of biceps tendinopathy,
labral tears, AC joint changes, and humerus osseus edema [37]. The
study concluded thatsubscapularis and supraspinatus tendinopathy
was the most common tendon abnormality identified in swimmers,
with a statistically significant difference between swimmers and
controls in the frequency of rotator cuff tendinopathy, as well as
labrum and AC joint pathology. Pathology was not found to be
a predictor of current pain [37]. Overall, the data confirms that
rotator cuff tendon pathology is the most common finding in
elite swimmers’ shoulders and is common in both symptomatic
and asymptomatic swimmers. Since the presence of shoulder
pathology on imaging may present premorbidly, care must be
taken for overhead athletes at risk of overuse injury to prevent the
development of injury.

Volleyball: Volleyball is another sport at high risk for overhead
shoulder injury. In prior studies, it has been reported that
approximately 25% of all volleyball injuries involve the shoulder
[38]. This is largely due to the force placed on the shoulder joint
and its surrounding structures involved with the overhead hitting
motion [38]. In this review, we identified a study conducted by Lee
et al. [39] on 26 elite volleyball players, which demonstrated that
the majority (>50%) of elite volleyball players have asymptomatic
findings of rotator cuff pathology, labral pathology, AC joint
pathology, or humeral pathology on advanced imaging [39]. In the
study conducted by Beitzel et al [40], 16 elite, younger volleyball
players demonstrated lower frequency of shoulder pathology on
imaging ranging from 0% frequency of rotator cuff pathology to
50% with evidence of subacromial pathology [40]. The difference
between studies may be explained by a difference in mean age of
the athletes evaluated (25.5 in the Lee study compared to 17.3 in
Beitzel’s study) [39,40].
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A similar study not included in our review was conducted on
84 symptomatic and asymptomatic volleyball players that also
demonstrated a high frequency of shoulder pathology on MRI and
ultrasound, particularly in the player’s dominant hitting shoulder
[41]. The study found that 24% and 45% of hitting shoulders on
ultrasound and MRI, respectively, demonstrated supraspinatus
tendinopathy. The study reported no difference in frequency of
pathology between symptomatic and asymptomatic volleyball
players. Other notable findings included infraspinatus muscle
atrophy in the hitting shoulder that was largely unrecognized by
the players, and a significant difference between hitting and non-
hitting shoulders with regards to labral abnormalities and greater
tuberosity cortical irregularities [41]. These findings support the
hypothesis that elite volleyball players also demonstrate high rates
of asymptomatic shoulder joint pathology that does not necessarily
limit their ability to participate in sport.

Water polo: Water polo is a sport that requires repetition
of overhead movements associated with swimming as well
as overhead throwing motions involved with throwing a ball
Therefore, it can be hypothesized that water polo players may
demonstrate changes in the shoulder in patterns similar to other
overhead athletes. The first study to investigate shoulder pathology
in water polo players investigated 11 dominant shoulders from 11
athletes from the 1992 German Olympic water polo team (mean
age 25.4). There were 5 cases of rotator cuff pathology; in all 5 cases
the supraspinatus tendon was affected, and in three cases both the
supra- and infraspinatus tendon were involved. In 9 cases, there
were changes in the biceps tendon. All 11 shoulders demonstrated
hypertrophy of the articular capsule and pathologic changes of the
anterior glenoid labrum. Finally, osseous lesions of the humeral
head were in discovered in 8 athletes [42]. There was no evidence
of subacromial impingement.

Study Events Total

Beitzel (Javelin), 2013 13

Beitzal (Vollayball), 2013 T 16
Beletsky (Baseball), 2022 10 22
Cooper (Rock Climbing), 2022 57 100
Del Grande (Baseball), 2016 T 19
Fredericson (Swimming and Volleyball), 2009 18 18
Halbrecht (Basaball), 1999 2 10
Lee (Volleyball), 2020 12 26
Miniaci (Baseball), 2002 5 14
Pennock (Baseball), 2018 5 23
Su (Baseball[recreational]), 2020 ] 30
Su (Baseball[elita]). 2020 43 68
Takahashi (Basaball), 2021 T 14

375
Moschajew (Strength Training), 2022 3 22
Common effect model 397

Random effects model

Haterogeneity: Fa G55, fai 2068, p <0.01

A different study that was notincluded in this study investigated
28 symptomatic and asymptomatic water polo players, along with
a control group of healthy volunteers [43]. Results demonstrated
significantly more MRI abnormalities in the subscapularis and
infraspinatus tendons and posterior labrum of throwing shoulders
compared to nonthrowing shoulders and a significant difference
compared with healthy volunteers. All throwing shoulders
demonstrated pathologic findings on MRI, but only 8 (29%) of the
shoulders were symptomatic. Despite these findings, the classic
findings seen in overhead throwing athletes [44] (supraspinatus
tendinopathy) was not seen in water polo players, and neither
were findings common in swimmers (shoulder instability and
supraspinatus tendinopathy) [45]. However, the findings evaluated
in swimmers quoted by this study were conducted on symptomatic
athletes, and therefore, cannot be accurately compared to this
population, which included a population of symptomatic and
asymptomatic polo players. The authors concluded that abnormal
MRI findings in water polo players may not be suggestive of true
clinical pathology and should be interpreted with caution [43].

Javelin: Similar to baseball, javelin athletes face heavy loads
resulting from the overhead throwing motion. However, as opposed
to baseball, javelin athletes are throwing heavier loads that baseball
players and therefore, it is suspected that the shoulders of javelin
players may be subject to even heavier loads [46,47]. One study
included in this study investigated that hypothesis and found
that out of the 15, young elite javelin players studied, there was a
high frequency of subacromial pathology and humeral pathology
(73.3% and 86.7%) respectively [40]. The authors concluded that
the high frequency of humeral head pathology, most significantly
intraosseous cysts of the humerus, may be representative of early
signs of partial lesions of the rotator cuff tendons in these young
athletes that do not yet present with clinical symptoms [40] (Figure
11).

Proportion  95%-Cl

0.87 [0.60; 0.98)
0.44 [0.20; 0.70)
0.45 [0.24; 0.68]
0.57 [0.47; 0.67]
0.37 [0.18; 0.62)
- 1.00 [0.81; 1.00]
0.20 [0.03; 0.56)
0.50 [0.30; 0.70]
0.36 [0.13; 0.65]
0.22 [0.07; 0.44]
0.20 [0.08; 0.39]
0.63 [0.51; 0.75)
0.50 [0.23; 0.77]
0.51 [0.48; 0.56)
0.49 [0.34; 0.85]

0.14 [0.03; 0.35]

0.49 [0.44; 0.54)
. - 0.46 [0.31; 0.82)

0z 04 06 08 1

Test for subgroup differences. (common effect): ;E’ =814, di = 1(p <0.01)
Test for subgroup differences (random effects): 3, = 6.84, df = 1 (p < 0.01)

Figure 11: Forest plot by sport subgroup for humeral head pathology.

Rock climbing: Rock climbing is an increasingly popular sport,
but one that has a high frequency of overuse injuries. Despite the
perceived risk associated with climbing, acute injuries are relatively

rare, but shoulder injuries such as tendonitis, impingement,
and biceps tendonitis are very common. The one study that has
evaluated asymptomatic shoulder pathology in elite rock climbers
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demonstrated a high frequency of rotator cuff tears (80%), biceps
tendinosis (79%), subacromial bursitis (79%), labral pathology
(69%), and cartilage damage of the humerus (57%) [48]. The
study concluded that rotator cuff tendinosis and labral pathology

Study Events Total
Beitzel (Javelin), 2013 13 15
Beitzel (Volleyball), 2013 7 16
Beletsky (Baseball), 2022 0 22
Cooper (Rock Climbing), 2022 57 100
Del Grande (Baseball), 2016 T 18
Fredericson (Swimming and Volleyball), 2009 18 18
Halbrecht (Baseball), 1999 2 10
Lee (Volleyball), 2020 13 28
Miniaci (Baseball), 2002 5 14
Su (Baseballfelite]), 2020 43 68
Takahashi (Baseball), 2021 7T 14
322

MNeschajew (Strength Training), 2022 3 22
Pennock (Baseball), 2018 5 23
Su (Baseball[recreational]), 2020 6 30
75

Commeon effect model 387

Random effects model

Heterogeneity: I° = 69%, 1° = 1.2068, p < 0.01

were identified in rates similar to those of baseball pitchers, but
tendinopathy of the biceps tendon and cartilage pathology were
seen at higher frequencies than baseball pitchers, water polo
players, or volleyball players [48,49] (Figure 12).

Propartion 95%-Cl
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Test for subgroup differences (commen effect). f = 20,04, df= 1 (p <0.01)
Test for subgroup differences (random effects): i, = 15.75, df = 1 (p < 0.01)

Figure 12: Forest plot by level subgroup for humeral head pathology.

Marathon kayaking: Marathon kayaking is a less well-known
sport, but an important one to address nonetheless. There are a
large number of overuse injuries among kayakers seen by primary
care doctors, sports medicine physicians, and orthopedic surgeons
[50,51]. The one study in the literature that evaluated asymptomatic
shoulder pathology in competitive marathon kayakers evaluated 52
symptomatic (22) and asymptomatic (30) kayakers and screened
them for abnormal pathology on MRI [52]. The most common
MRI abnormalities were acromioclavicular joint hypertrophy and
acromial/clavicular spurs with subacromial bursa, supraspinatus
tendonitis, and biceps tendonitis. Eleven asymptomatic kayakers
demonstrated pathology on MRI despite not having symptoms.
Statistical analysis demonstrated that there was no significant
difference in pathology between symptomatic and asymptomatic
shoulders with regards to imaging pathology. The study concluded
that overuse injuries to the shoulder of marathon kayakers are
common, with a high incidence of rotator cuff pathology and
acromioclavicular pathology with or without symptoms [52].

Handball: Handball is a sport that is similar to baseball,
and also requires the athlete to place a large amount of force on
their throwing shoulder [44]. One study that was not included
in this study investigated the presence of abnormal MRI findings
in both symptomatic and asymptomatic throwing shoulders of
30 competitive professional handball players and 20 dominant
shoulders of asymptomatic volunteers. The results demonstrated a
higher frequency of abnormal MRI findings in throwing shoulders

compared to nonthrowing and control shoulders. Although 93%
of throwing shoulder had abnormal imaging findings, only 37%
were symptomatic. Partial rotator cuff tears, most commonly in the
supraspinatus tendon, and superolateral osteochrondral defects
of the humeral head were identified as common throwing lesions.
The study also discovered that symptoms correlated poorly with
the abnormalities seen on MRI. The study concluded that athlete’s
throwing shoulders do tend to have more imaging pathology,
however, the correlation with symptoms is poor [44].

Gymnastics: Competitive gymnasts demonstrate a high
frequency of shoulder injuries [53]. Unlike other overhead sports,
gymnastics related injuries involve bilateral weight bearing [53].
A university-based study that was not included in our study
evaluated 21 elite symptomatic and asymptomatic gymnasts along
with a control group of 10 age-matched and randomly selected
healthy non-athletic population [54]. The study revealed signal
abnormalities in 100% of the gymnasts’ shoulders and in 4/20
(20%) of the controls. 16 of 36 (44.4%) had findings consistent with
SLAP tears. There were labral lesions in 10 (27.7%) of shoulders
compared to none (0%) in the controls. In addition, while none
of the controls had partial or full thickness tears of the rotator
cuffs, 8/36 (22%) of the gymnasts demonstrated rotator cuff
tears. There was no difference between the frequency of shoulder
pathology between symptomatic and asymptomatic shoulders, but
there was a large, significant difference between gymnasts and
healthy controls. The study concluded that gymnasts’ shoulders
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are significantly different than the general population and tend
to have similar rates of shoulder pathology in symptomatic and
asymptomatic shoulders [54].

Strength training:
involves placing large forces on the joints of the body. However,

Strength training and weightlifting

the consequences of weight-lifting on the joints has not been
well studied. Prior studies have suggested that strength training,
particularly weightlifting places an athlete at risk for AC joint
pathology in particular [21]. The one study conducted by
Noschajew et al. [54] confirmed that hypothesis; out of the eleven
asymptomatic bodybuilders evaluated using MRI scans, AC joint
hypertrophy (63.6%) and AC joint inflammation (45.5%) had
the highest rates of abnormal pathology. Compared to overhead
sports, there was a lower frequency of rotator cuff tendinopathy
(9.1%) and labral changes (4.5%) overall. The study concluded
that strength training is associated with MRI-documented AC joint
pathology, even in the absence of symptoms [55].

Ice hockey: Ice Hockey is not an overhead sport, however,
given the high frequency of labral tears in professional ice hockey
athletes [56] and the high frequency of shoulder pathology on
MRI in many other sports, Hacken et al. [56] hypothesized that ice
hockey players would have similarly high frequency of shoulder
pathology. The results demonstrated that while professional
ice hockey players had a 25% frequency of labral pathology, the
other locations of shoulder pathology had low rates of diagnosed
pathology (<8%), particularly in comparison to other overhead
sports such as baseball [57].

Ironman triathletes: Triathletes compete in running, biking,
and swimming. Reuter et al. [57] hypothesized that due to the
repetitive “arm swimming” associated with running, the stress
on the shoulders while holding handle bars in biking, and the

repetitive motion of the swimming crawl, Ironman triathletes may
demonstrate abnormalities on MRI from activity-related repetitive
stress. 7 asymptomatic triathletes and 16 symptomatic triathletes
participated in the study conducted by Reuter et al. [57] Results
demonstrated that 29% of asymptomatic athletes had rotator cuff
tendinopathy compared to 50% of symptomatic athletes, although
this finding was not statistically significant [58]. AC joint pathology
was found at slightly higher rates in asymptomatic athletes
compared to symptomatic athletes (71% to 62%), which was also
not a significant finding. The study concluded that there is a high
frequency of incidental findings in asymptomatic triathletes that
does not necessarily correlate with the presence of symptoms [58].

Wheelchair athletes: Patients who are paraplegic as a result
of spinal cord injury are at high risk of shoulder injury due to
repetitive motions, over-the-head reaching from a wheelchair
position, and overuse [59-60]. Therefore, Akbar et al hypothesized
that athletes with paraplegia are at even higher risk for developing
pathologic changes in their shoulders when active in sports. The
study investigated 103 patients who were participating in overhead
sports on a regular basis and 193 subjects that were not involved
in sports activity. The study determined that 76% of the overhead
sports population had evidence of rotator cuff pathology on MRI
compared to 36% of the no sports population [12]. The rotator
cuff tears were symptomatic in 93% of the population. The study
reported that there was a statistically significant relative risk
(RR=2.09, p<0.05) for developing rotator cuff tears in the overhead
athlete group compared to the no sports group, with a large amount
of the cohort demonstrating shoulder pain. The authors concluded
thatitis important to develop rehabilitation strategies to encourage
physical activity in patients with SCI without increasing the
incidence of shoulder pathology in patients with paraplegia that
may affect their long-term function [12] (Table 5).

Table 5: Comprehensive table of studies discussed in this article.

*not included in quantitative meta-analysis.

Level Biceps Total Number Bias
Level of Overhead Throwing . Mean Rotator Cuff P Subacromial Labral AC Joint Humerus of Shoulders Score
Author Year N Sport of Population Tendon N
Evidence Sport Sport Plas Age Pathology Patholo F in the (out of
v 2 Study 12)
I . o P, . o
) Javelin and Ygs ) 15 elite ]avel}n Javelin: 0% Javelin: 6.7% Javelin: 73.3% ]av‘e‘lm‘. U“/a ]ave'l‘m.‘ﬁ.z/a ]avelvl‘n. ?6"7 % 31 (only
Beitzel et al. 2013 3 Volleyball Yes (Javelin) No High players, 16 elite 17.3 Volleyball: 0% Volleyball: Volleyball: 50% yball: 'y yball: throwing) 9
Yy (Volleyball lleyball players yball: B 12.5% yhall >i 6.3% 0% 43.8% 8.
Beletsky 2022 3 Baseball Yes Yes High | 22clitebaseball | oy 68.20% 0% 27.30% 40.90% N/A 45.50% 22 (only 8
etal. players throwing)
- 29 asymptomatic
20 syn;}rj‘;omatlc shoulders (out
Celliersetal. | 2017 3 Swimming Yes No High asymptomatic 189 31% 6.90% 34.50% 10.30% 37.90% N/A of 40 dominant 10
elitye sSvimmers and nondominant
shoulders)
12 college 47.5% of 40 22.5% of 40
Yes basebalgl 40% of 20 shoulders shoulders
Connoretal. | 2003 2 Baseball Yes (Baseball) | High players and 8 33.1 shoulders N/A (dominantand N/A N/A (dominantand | 20 dominant, 20 7
and Tennis . . (dominant nondominant, non *
No (Tennis) professional
tennis pl only) baseball and baseball and
ennis players tennis)* tennis)*
Cooperetal. | 2022 3 Rock Yes No High 50 elite rock 34.1 80% 73% 79% 69% 28% 57% 100 (both 10
Climbing climbers shoulders)
Del Grande |, 4 Baseball Yes Yes High | . 19baseball 19.9 68% 11% 53% 84% 21% 79% 19 (only 9
etal. pitcher draft picks throwing)
Swimming 12 college
Friedericson | g 2 and Yes No High volleyball 19.6 100% N/A 100% 100% N/A 100% 18 shoulders 9
etal. players, 6 college (only dominant)
Volleyball
swimmers
25 collegiate (ot shoulders,
Hackenetal. | 2019 3 Ice Hockey No No High and professional 221 6% 0.02% N/A 25% 8% N/A one MRI lost " 9
hockey players while saving)
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marathon
Hagemann Marathon kayakers, o o 11 shoulders
S 2004 4 Kayaking No No Low 11 mover 40.2 27.20% N/A N/A N/A 72.70% N/A (only dominant) 6
experienced any
symptoms
Halbrecht . . 10 college o o o 10 (only
etal. 1999 3 Baseball Yes Yes High baseball pitchers 20.1 40% N/A N/A 30% N/A 20% throwing) 6
Johansson 35 elite 35 (onl
2015 3 Tennis Yes No High adolescent tennis 17.4 45.70% N/A N/A N/A N/A N/A N v 10
etal. dominant)
players
Leeetal. | 2020 4 Volleyball Yes No High | 20clitevolleyball | )0 o 88.50% N/A N/A 53.90% 69.20% 50% 26 (only 9
players dominant)
Lesniak etal. | 2013 2 Baseball Yes Yes High | 21 elitebaseball 29 95.20% N/A N/A 61.90% N/A N/A 21 (only 8
players throwing)
Miniaci etal. | 2002 3 Baseball Yes Yes High | Lhelitebaseball |y 79% 0% 86% 78.60% 29% 36% 14 (only 9
players throwing)
Noschajew | 5) 4 Strength No No Low | 11bodybuilders | 325 9.10% 0 N/A 450% 63.60% 13.60% 22 shoulders 10
etal. training (both shoulders)
Pennock 2018 3 Bascball Yes Yes Low | 23Littleleague |, 17.40% 0% 430% 17.40% 8.70% 21.70% 23 (only 10
etal. baseball players dominant)
Ironman 7 Ironman 7 shoulders (only
0, 9 9
Reuter et al. 2008 3 triathletes No No Low triathletes 58% N/A N/A 0% 71% N/A dominant) 7
High 68 elite baseball Elite:
players and 30 25.6 Elite: 69.1% Elite: 56% Recr: Elite: 38.2% Elite: 63% 98 (only
Suetal. 2020 3 Baseball Yes Yes and recreational Recr: Recr: 40% N/A 13% Recr: 0% N/A Recr: 20% dominant) Hu
Low
(recr) players 253
Takahashi . 14 collegiate o, o 14 dominant
etal. 2021 3 Baseball Yes Yes High baseball players 19.6 N/A N/A 93% N/A 50% shoulders 6
Data not included in the quantitative analysis for not differentiating between symptomatic prevalence and asy ic pre of should hology*
75% of
supraspinatus,
11% of
infraspinatus,
30% of
subscapularis, 30.6% with
o .
wresminor | and abmorma et
N A 30% with 83% with signal 64% with 25% with 36 shoulders
De Carli . . . demonstrate fluid in biceps . L2
etal 2012 3 Gymanstics Yes NO High 21 elite gymnasts 252 sions of tendon subacromial abnormalities abnormal humeral head evaluated from 21
: g. . bursitis in the labrum acromial cysts gymnasts
tendinosis sheath, morpholo
8.3% with 8.3% with phology
supraspinatus tendinosis
partial
thickness
tears, 6% with
subscapularis
tears
28 Throwing: Throwing: Throwing: Throwing:
semiprofessional 8! 8 Throwing: 89.3% | Throwing: 53.3 8 8 56 shoulders
. . 53.6% 60.7% . - 25.0% 21.4% .
Klein et al. 2014 3 Water Polo Yes Yes High water polo 24 . N Nonthrowing: Nonthrowing: . . (throwing and
layers (29% Nonthrowing: Nonthrowing: 71.4% 21.4% Nonthrowing: Nonthrowing: nonthrowing)
p . 39.3% 39.3% 28.6t% 25.0%
symptomatic)
N/A
30 ;;lr;fgts)zlﬁnal Throwing: 83% Throwing:40% Thx;(:)\:\;mg: Throwing: 60% 60 shoulders
Jostetal. 2005 3 Handball Yes Yes High 27 Nonthrowing: N/A N/A Nonthrowing: - Nonthrowing: (30 throwing, 30
players (37% 439 30% Nonthrowing; 33% nonthrowing)
symptomatic) ° ° 37% ° e)-
60 elite Australian
P . . 120 shoulders
Holt et al. 2022 3 Swimming Yes No High swimmers (25% 229 73.30% 23.30% N/A 21.70% 16.70% 13.30% (both sides)
symptomatic)
. 19.2% with 52 shoulders
80 elite labral tears imaged on MRI
Sein et al. 2010 3 Swimming Yes No High swimmers (91% 15.9 69% 13% 63% 3 13% N/A 8 B
symptomatic) 15.3% with (some imaged on
ymp SLAP lesions US but not MRI)
v01168:aT:ltTa ers 29 shoulders
Lajtai etal. | 2009 3 Volleyball Yes No High yoalp ay: 28 45% 0% N/A 24% 14% 55% imaged on MRI
(symptomatic and N
. (84 imaged on US)
asymptomatic)
103 spinal cord
injury wheelchair
Ackbaretal. | 2015 3 Wheelchair Yes Yes Low basketball 491 75.70% N/A N/A N/A N/A N/A 103 shoulders
- imaged on MRI
players (majority
symptomatic)
Data not included in the quantitative analysis for not being written in English
11 athletes
]a(iroe::t}:c({; from the 1992 11 shoulders
( B 1993 4 Water Polo Yes Yes High German Olympic 25.1 45.50% 81.80% 0% 100% N/A 72.70% o N N/A
written in (dominant only)
Team (some
German) .
symptomatic)
. . . . .
Limitations that of symptomatic shoulder pathology. Several of these studies

There are several limitations of this systematic review. First,
as described in the conclusion, there were a few studies evaluating
asymptomatic shoulder pathology in athletes that were not
included in the review because the data reported in the studies did
not differentiate reporting asymptomatic shoulder pathology from

had a large proportion of asymptomatic shoulders compared to
symptomatic shoulders, but since it was unclear how many of the
abnormal findings on MRI were discovered in symptomatic versus
asymptomatic shoulders, we were unable to extract the data for the
primary outcome of frequency of asymptomatic shoulder pathology.
In addition, there are unexplained factors that cannot be controlled
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for, such as the subjectivity of the radiologist read of grading MRI
scans for shoulder pathology. Furthermore, in the case where
multiple pathologies were noted in one region of the shoulder
(for example, the rotator cuff), only the highest number was
extracted, which does not account for severity of injury (rotator cuff
tendinopathy versus rotator cuff tear). Several shoulder diagnoses
are best diagnosed through an alternative imaging modality. This
includes labral tears, which are best diagnosed on MRI arthrogram.
Finally, the majority of the studies were conducted on high level
athletes (college or elite), which suggests a higher frequency of
shoulder pathology than the average recreational athletes, so
the data we analyzed may not be as generalizable to the general
population of athletes.

Conclusion

In this systematic review, pooled summary estimates of the
frequency of shoulder pathology on MRI in asymptomatic athletes
ranged from 5% to 53%, with significantly higher frequency seen
in higher level athletes and overhead sports. This confirms the
hypothesis that there is a high frequency of asymptomatic shoulder
pathology in athletes, which is likely largely related to wear and
tear on the shoulder. Further studies may be required to elucidate
the significance of these findings in the context of injury risk and
prevention in these athletes.
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