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[bookmark: _Toc121844456][bookmark: _Toc174807213]Supplementary Table 1 – Review eligibility criteria

	We will include studies of any design reporting the prevalence of abnormalities (however defined) in adults whose shoulders were asymptomatic (however defined) at the time of imaging (with or without previous episode/s of shoulder injury or symptoms). Eligible studies may;
-purposefully recruit adults whose shoulder or shoulders are asymptomatic
-determine shoulder symptom status during the course of the study (it is not known at recruitment) and report prevalence in shoulders that are found to be asymptomatic (however defined) and symptomatic (however defined) at the time of imaging

When studies perform imaging of the shoulder and incorporate a method of determining shoulder symptom status, but do not report prevalence data by shoulder status (symptomatic or asymptomatic), the study authors will be contacted for data. If data is provided, the study will be included in the review. 

Additional inclusion criteria are studies that;
a) primarily evaluate adults (mean age of the study population ≥18 years or data for a subset of the population ≥18 years is provided) 
b) are published in any language
c) are only available in full text 
d) image shoulders with either MRI, US, x-ray or CT
e) image >1 asymptomatic shoulder


	We will exclude studies that;
a) report prevalence only in shoulders that are symptomatic 
b) evaluate children and adolescents only or mean age of the study population  ≤18 years 
c) are not available in full text (e.g. conference abstracts, poster presentations)
d) report only morphological measures of shoulder structure outcomes
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Supplementary Table 2 – Database searches

	Searches of bibliographic databases including Ovid MEDLINE, Embase, CINAHL and Web of Science were conducted on 12/06/2023. The database provider, coverage and search strings used for each database are provided below. No limitations or search filters were applied. 


	MEDLINE (via OVID, 1950 to 12/06/2023)
	1
	exp SHOULDER/

	2
	shoulder*.ab,ti.

	3
	exp Rotator Cuff/

	4
	rotator.ab,ti.

	5
	1 or 2 or 3 or 4

	6
	Magnetic Resonance Imaging/

	7
	"MR imag*".ti,ab.

	8
	"magnetic resonance imag*".ab,ti.

	9
	MRI.ab,ti.

	10
	ULTRASONOGRAPHY/

	11
	ultrasound.ab,ti.

	12
	ultrasonograph*.ab,ti.

	13
	sonograph*.ab,ti.

	14
	US.ab,ti.

	15
	X-Rays/

	16
	"x-ray*".ab,ti.

	17
	xray*.ab,ti.

	18
	"x ray*".ab,ti.

	19
	radiograph*.ab,ti.

	20
	Tomography, X-Ray Computed/

	21
	"comput* tomograph*".ab,ti.

	22
	"computer aided tomograph*".ab,ti.

	23
	"computer assisted tomograph*".ab,ti.

	24
	CT.ab,ti.

	25
	"CAT scan*".ab,ti.

	26
	PREVALENCE/

	27
	prevalen*.ab,ti.

	28
	inciden*.ab,ti.

	29
	frequency.ab,ti.

	30
	((findings or abnormal*) adj5 (image or images or imaging or shoulder* or rotator)).ti,ab.

	31
	6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25

	32
	26 or 27 or 28 or 29 or 30

	33
	asymptomatic.ab,ti.

	34
	symptomatic.ab,ti.

	35
	symptoms.ab,ti.

	36
	risk.ti.

	37
	uninjured.ab,ti.

	38
	"pain free".ab,ti.

	39
	"healthy volunteers".ab,ti.

	40
	33 or 34 or 35 or 36 or 37 or 38 or 39

	41
	5 and 31 and 32 and 40

	42
	exp SHOULDER/

	43
	shoulder*.ab,ti.

	44
	exp Rotator Cuff/

	45
	rotator.ab,ti.

	46
	42 or 43 or 44 or 45

	47
	Magnetic Resonance Imaging/

	48
	"MR imag*".ti,ab.

	49
	"magnetic resonance imag*".ab,ti.

	50
	MRI.ab,ti.

	51
	ULTRASONOGRAPHY/

	52
	ultrasound.ab,ti.

	53
	ultrasonograph*.ab,ti.

	54
	sonograph*.ab,ti.

	55
	US.ab,ti.

	56
	X-Rays/

	57
	"x-ray*".ab,ti.

	58
	xray*.ab,ti.

	59
	"x ray*".ab,ti.

	60
	radiograph*.ab,ti.

	61
	Tomography, X-Ray Computed/

	62
	"comput* tomograph*".ab,ti.

	63
	"computer aided tomograph*".ab,ti.

	64
	"computer assisted tomograph*".ab,ti.

	65
	CT.ab,ti.

	66
	"CAT scan*".ab,ti.

	67
	PREVALENCE/

	68
	prevalen*.ab,ti.

	69
	inciden*.ab,ti.

	70
	frequency.ab,ti.

	71
	((findings or abnormal*) adj5 (image or images or imaging or shoulder* or rotator)).ti,ab.

	72
	47 or 48 or 49 or 50 or 51 or 52 or 53 or 54 or 55 or 56 or 57 or 58 or 59 or 60 or 61 or 62 or 63 or 64 or 65 or 66

	73
	67 or 68 or 69 or 70 or 71

	74
	asymptomatic.ab,ti.

	75
	symptomatic.ab,ti.

	76
	symptoms.ab,ti.

	77
	risk.ti.

	78
	uninjured.ab,ti.

	79
	"pain free".ab,ti.

	80
	"healthy volunteers".ab,ti.

	81
	74 or 75 or 76 or 77 or 78 or 79 or 80

	82
	46 and 72 and 73 and 81





	Embase (via Elsevier, 1974 to 12/06/2023)

('SHOULDER'/exp OR shoulder*:ti,ab OR 'Rotator Cuff'/exp OR rotator:ti,ab)
AND
((asymptomatic OR symptomatic OR symptoms):ti,ab OR risk:ti)
AND
('nuclear magnetic resonance imaging'/de OR "magnetic resonance imag*":ti,ab OR MRI:ti,ab OR 'echography'/de OR ultrasound:ti,ab OR ultrasonograph*:ti,ab OR sonograp*:ti,ab OR US:ti,ab OR 'X ray'/de OR "x ray*":ti,ab OR x-ray*:ti,ab OR xray*:ti,ab OR radiograph*:ti,ab OR 'x-ray computed tomography'/de OR "comput* tomograph*":ti,ab OR "computer aided tomograph*":ti,ab OR "computer assisted tomograph*":ti,ab OR CT:ti,ab OR "CAT scan*":ti,ab)
AND
('PREVALENCE'/de OR inciden*:ti,ab OR frequency:ti,ab OR ((findings OR abnormal*) NEAR/5 (image* OR imaging OR shoulder* OR rotator)):ti,ab)


	CINAHL (Cumulative Index to Nursing and Allied Health Literature) (via EBSCO, 1981 to 12/06/2023)

((MH "SHOULDER+") OR TI shoulder* OR AB shoulder* OR (MH "Rotator Cuff+") OR TI rotator OR AB rotator) 
AND
((TI asymptomatic OR AB asymptomatic OR TI symptomatic OR AB symptomatic OR TI symptoms OR AB symptoms) OR TI risk)
AND
((MH "Magnetic Resonance Imaging") OR TI "magnetic resonance imag*" OR AB "magnetic resonance imag*" OR TI MRI OR AB MRI OR (MH "ULTRASONOGRAPHY") OR TI ultrasound OR AB ultrasound OR TI ultrasonograph* OR AB ultrasonograph* OR TI sonograp* OR AB sonograp* OR TI US OR AB US OR (MH "X-Rays") OR TI "x ray*" OR AB "x ray*" OR TI x-ray* OR AB x-ray* OR TI xray* OR AB xray* OR TI radiograph* OR AB radiograph* OR (MH "Tomography, X-Ray Computed") OR TI "comput* tomograph*" OR AB "comput* tomograph*" OR TI "computer aided tomograph*" OR AB "computer aided tomograph*" OR TI "computer assisted tomograph*" OR AB "computer assisted tomograph*" OR TI CT* OR AB CT* OR TI "CAT scan*" OR AB "CAT scan*") 
AND
((MH "PREVALENCE") OR TI inciden* OR AB inciden* OR TI frequency OR AB frequency OR ((TI findings OR AB findings OR TI abnormal* OR AB abnormal*) N5 (TI image* OR AB image* OR TI imaging OR AB imaging OR TI shoulder* OR AB shoulder* OR TI rotator OR AB rotator)))


	Web of Science Core Collection (via Clarivate Analytics, 1900 to 12/06/2023)

 [image: ]



[bookmark: _Toc121844458][bookmark: _Toc174807215]Supplementary Table 3 – Risk of bias assessment

For the purposes of this review, we adapted the tool of Hoy D, Brooks P, Woolf A, Blyth F, March L, Bain C, et al. Assessing risk of bias in prevalence studies: modification of an existing tool and evidence of interrater agreement. J Clin Epidemiol. 2012;65: 934-939. 

Adaptions include;
· Rewording of item 3 to include consecutive series as well as random selection as acceptable means of sample selection.
· Removal of item 5 from the original tool (Were data collected directly from the subjects?) As data were collected directly from participants in all studies, the item was considered unnecessary and was removed
· Rewording of item 6 in the original tool ‘Was an acceptable case definition used in the study?’ to ‘Was an acceptable definition of study participant status used in the study?’
· Removal of item 7 (Was the study instrument that measured the parameter of interest shown to have reliability and validity?) from the original tool. We decided to assume that the imaging modalities evaluated in this review are reliable and valid. 
· Removal of item 8 (Was the same mode of data collection used for all subjects?) Variation in the procedure for performing US is likely, but less so for MRI. Consequently, we decided to remove this item from the risk of bias tool but will record and present details of the US method (procedure for performing the US, number of operators, experience and blinding of operator are currently in the data extraction form) 
· Removal of item 9 ‘Was the length of the shortest prevalence period for the parameter of interest appropriate?’

	Original tool criterion
	Adapted tool

	Risk of bias item
	Risk of bias item
	Risk of bias levels
	Interpretation/Application for this review

	External validity

	1. Was the study’s target population a close representation of the national population in relation to relevant variables, e.g. age, sex, occupation
	1. Was the study’s target population a close representation of the national population in relation to relevant variables, e.g. age, sex, occupation
	Yes (LOW RISK): The study’s target population was a close representation of the national population
	Judge this criteria according to whether the study population is a close representation of all people with asymptomatic shoulders i.e. the general population with a range of age and genders. Studies in specific populations such as athletes  or people attending for treatment at an orthopaedic clinic for example would be rated at high risk for this criterion. 

	
	
	NO (HIGH RISK): The study’s target population was clearly NOT representative of the national population
	

	
	
	NO (HIGH RISK – INSUFFICIENT INFORMATION): There is insufficient information to permit a judgment about this item
	

	2. Was the sampling frame a true or close representation of the target population?
	2. Was the sampling frame a true or close representation of the target population?
	YES (LOW RISK): The sampling frame was a true or close representation of the target population
	Judge this criterion according to whether the study sampling frame  is likely to be reflective of the target population. E.g. if the target population is older men, is the group sampled likely to be reflective of all older men or is it only a select subgroup from a healthcare population? If for example the study target population is people with orthopaedic conditions, and the sampling frame includes participants from >1 centres/hospitals and these participants are representative of the target population in terms of age (e.g. wide range of ages) and gender (even gender split) the study may be rated as low risk on this criterion. If the study includes participants from only 1 centre/hospital/medical unit the study should be rated as high risk on this criterion. 


	
	
	NO (HIGH RISK): The sampling frame was not a true or close representation of the target population
	

	
	
	NO (HIGH RISK – INSUFFICIENT INFORMATION): There is insufficient information to permit a judgment about this item
	

	
	
	Explanation from the original tool: The sampling frame is a list of the sampling units in the target population and the study sample is drawn from this list. Examples: The sampling frame was a list of almost every individual within the target population = Yes (Low risk); The cluster sampling method was used and the sample of clusters/villages was drawn from a list of all villages in the target population = Yes (Low risk); The sampling frame was a list of just one particular ethnic group within the overall target population, which comprised many groups = No (High risk)
	

	3. Was some form of random selection used to select the sample, OR, was a census undertaken?
	3. Was some form of random selection or consecutive series used to select the sample, OR, was a census undertaken?


	YES (LOW RISK): A census was undertaken, OR, some form of random selection or consecutive series was used to select the sample
	If the study uses a method of random selection to recruit participants or uses a consecutive series or census approach this criterion would be judged as low risk. 
If the study reports using a convenience sample (e.g. volunteers)  this criterion would be judged as high risk.  


 

	
	
	NO (HIGH RISK): A census was NOT undertaken, AND some form of random selection or consecutive series was NOT used to select the sample
	

	
	
	NO (HIGH RISK – INSUFFICIENT INFORMATION): There is insufficient information to permit a judgment about this item
	

	
	
	Explanation from the original tool: A census collects information from every unit in the sampling frame. In a survey, only part of the sampling frame is sampled. In these instances, random selection of the sample helps minimise study bias. Examples: The sample was selected using simple random sampling = Yes (Low risk); The target population was the village and every person in the village was sampled = Yes (Low risk); The sampling frame was a list of just one particular ethnic group within the overall target poulation, which comprised many groups = No (High risk)
	

	4. Was the likelihood of non-response bias minimal?
	4. Was the likelihood of non-response bias minimal?
	YES (LOW RISK): The response rate for the study was >/=75% OR, an anlysis was performed that showed no significant difference in relevant demographic characteristics between responders and non-responders

	There may be concern around non-response bias if it is not reported how many potential participants were identified as eligible or invited to participate in the study. 
If a study reports only the number of people included in the study and not the number eligible or invited, it is rated as high risk (insufficient information). 

If a study reports both the number of people eligible or invited to participate, and the number who then did participate, and this proportion is >/= 75% ,the study may be rated as low risk. 
If a study reports both the number of people eligible or invited to participate, and the number who then did participate, and this proportion is <75%, the study may be rated as high risk. 

If the study reports including a ‘consecutive series’ or a ‘random selection’, the number within that series/selection who did not participate should also be reported (or it should be clearly reported that all in the series or selection participated in which case it would be judged as low risk) 
If a study using random selection or consecutive sample reports only the number of people included in the study and not the number selected or in the series, it is rated as high risk (insufficient information).
If a study using random selection or consecutive sample reports both the number selected or in the series and the number that were included in the study and this proportion is >/= 75%, the study is rated as low risk.
If a study using random selection or consecutive sample reports both the number selected or in the series and the number that were included in the study and this proportion was <75%, the study is rated as high risk on this criterion.


	
	
	NO (HIGH RISK): The response rate was <75% and if any analysis comparing responders and non-responders was done, it showed a significant difference in relevant characteristics between responders and non-responders.
	

	Internal validity

	5. Was data collected directly from the subjects (as opposed to a proxy)?
	5. Was an acceptable definition of study participant status used in the study?
	Yes (LOW RISK): An acceptable definition of study participant status was used
	This criterion relates to the asymptomatic or symptomatic status of study participants. For studies addressing Review Question 2 (prevalence comparison between symptomatic and asymptomatic populations) this criterion will be answered for each population 
An appropriate definition of an asymptomatic population would include no past history of any shoulder condition, trauma or treatment including surgery and no current symptoms (rate as Low risk). 
If there is insufficient information to judge, rate as high risk (insufficient information)

	
	
	NO (HIGH RISK): An acceptable definition of study participant status was not used
	

	
	
	NO (HIGH RISK – INSUFFICIENT INFORMATION): There is insufficient information to permit a judgment about this item
	

	6. Was an acceptable case definition used in the study?
	6. Was an acceptable definition of the parameter of interest (the abnormality X or Y) used in the study?
	YES (LOW RISK): An acceptable definition of the paratmeter of interest was used
	This criterion relates to the definition used to determine the presence of an abnormality. 
If the study provides an adequate description of the definition/criteria used to determine the presence of an abnormality and this definition would be generally acceptable to clinicians, this criterion may be rated low risk.
If the definition/criterion used to define the abnormality would not be considered acceptable the study may be rated as high risk.
If no definition/criterion is provided for how an abnormality is defined the study may be rated as high risk (insufficient information) on this criterion.  
When studies are reporting multiple abnormalities, the acceptability of the definitions could be judged overall or judgment should be based on the definition provided for the abnormality of greatest clinical relevance

	
	
	NO (HIGH RISK): An acceptable definition of the parameter of interest was not used
	

	
	
	NO (HIGH RISK – INSUFFICIENT INFORMATION): There is insufficient information to permit a judgment about this item
	

	7. Was the study instrument that measured the parameter of interest (e.g. prevalence of low back pain) shown to have reliability and validity (if necessary)?
	Not included for this review
	
	

	8. Was the same mode of data collection used for all subjects?
	Not included for this review
	
	

	9. Was the length of the shortest prevalence period for the parameter of interest appropriate?
	Not included for this review
	
	

	10. Were the numerator(s) and denominator(s) for the parameter of interest appropriate?
	7.Were the numerator and denominator(s) for the parameter of interest appropriate?
	YES (LOW RISK): The paper presented appropriate numerator(s) AND denominator(s) for the parameter of interest
	Studies reporting prevalence data by participant rather than shoulder are rated as high risk of bias and will be presented separately. We will attempt to contact authors to obtain data per shoulder.  


	
	
	NO (HIGH RISK): The paper did present numerator(s) AND denominator(s) for the parameter of interest but one of more of these were inappropriate
	

	
	
	NO (HIGH RISK): There is insufficient information to permit a judgment about this item
	

	
	Overall risk of study bias

	
	LOW RISK OF BIAS: Further research is very unlikely to change our confidence in the estimate
MODERATE RISK OF BIAS: Further research is likely to have an important impact on our confidence in the estimate and may change the estimate
HIGH RISK OF BIAS: Further research is very likely to have an important impact on our confidence in the estimate and is likely to change the estimate
	Judgment here is based primarily on risk of bias in key criteria. 
We are primarily interested in determining the prevalence of abnormalities in adults of a range of ages and gender with no shoulder pain at the time of imaging (with no history of pain, treatment, or trauma) residing within a country or a region that closely represents the national population.
Therefore, the key criterion for this review is;
- The studies target population is a close representation of the national population (Criterion 1) If the study is not considered to attempt to recruit a population that closely represents the national population, the study cannot be rated as low risk overall. Study populations that would be rated as high risk include those constituting specific types of people e.g. elite athletes or people of a particular occupation or recruiting people in a particular setting such as a healthcare setting. Studies that may be rated low risk on this criterion include those whose target population includes people residing in a defined geographical area (population based) or that are recruited using community based recruitment strategies such as advertisements in local newspapers or studies who attempt to recruit a mix of adults from various settings. The studies considered to include a nationally representative population may be considered to be moderate or low risk overall if the study sampling frame also represents closely the target/national population and a random or consecutive sample is used.  For these studies a decision on whether the overall rating of risk of bias is moderate or low will depend on consideration of other criteria such as study selection and non-response and the decision will be achieved through discussion.  Studies whose target population closely represents the national population but whose sampling frame is not representative of that population cannot be rated low risk of bias. 
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	Assessment of the domain

	Domain of GRADE
	Original tool for prognostic studies (Iorio et al. BMJ 2015)
	Adapted tool in this prevalence study

	Risk of bias
	Primary
• Was there a representative and well-defined sample of patients:
– Who did not have the outcome of interest at the time of initial observation?
– Who were at a similar, identifiable, common, and possible early point in the
course of the disease?
• Was follow-up sufficiently long and complete?
Secondary
• Were objective and unbiased outcome criteria used?
• Were all characteristics of patients known or suspected to affect the outcome
recorded?
• Was there adjustment for important prognostic factors?
	The overall risk of bias of the studies at each category (i.e., study population and imaging modality) was assessed. If risk of bias was deemed high, the certainty of evidence was downgraded 1 or 2 levels.

	Inconsistency
	Variability in point estimates, extent of overlap in confidence intervals, and where point estimates lie in relation to decision thresholds.
	If there was unexplained variability in the point estimates between the studies or 95% CIs were not overlapping, we downgraded the certainty of evidence 1 or 2 levels. In case there was only a one study in the category, the certainty of evidence was not downgraded.

	Imprecision
	The width of the 95% confidence interval around the pooled estimate and the position of the confidence interval relative to a clinical decision threshold. The GRADE rule for prognosis is to rate down confidence in estimates of the event rate if the effect on the patient, or clinical action, would differ depending on whether the upper or the lower boundary of the confidence interval represented the truth.
	We made the judgement based on the overall number of shoulders in each category. We downgraded the certainty of evidence by 1 in categories with under 500 shoulders and by 2 in categories with under 50 shoulders.

	Indirectness
	Does the studied population correspond to the population of interest and does the measured outcome capture what is believed important?
	If the population sample in the category was not representative for the target population, we downgraded the certainty of evidence by 1. 

	Publication bias
	Statistical tests (Egger’s test when when heterogeneity is low and data are normally distributed or Begg’s test when studies have an asymmetric distribution and inconsistency of results is high) for publication bias.
	We made a judgement that there are no obvious reasons for publication bias in prevalence studies and thus did not downgrade any of the categories for this dimension.
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Deviations from study methods specified at review protocol registration

	Method specified
	Deviation, with justification

	The protocol specified that if possible, prevalence estimates from each imaging modality would be pooled across studies and meta-regression conducted to estimate the effects of age and sex on prevalence estimates.  
	Large heterogeneity was observed in the study populations and prevalence estimates of the included studies. As such pooling of prevalence estimates was not considered appropriate.  Meta-regression was conducted using explanatory variables specified prior to the analysis. The entire body of studies were summarised descriptively. 

	The abnormalities to be reported in the review were not pre-specified in the protocol.
	Due to the large number of abnormalities reported in the eligible studies it was necessary to limit reporting of abnormalities to those considered of greatest clinical relevance. This was achieved through discussion between clinician reviewers. 

	The prevalence of abnormalities in asymptomatic shoulders with and without a history of symptoms was to be reported.
	As few studies provided data according to the previous symptoms this information was not presented in the review.  In the few studies providing this data, data from the asymptomatic no history and asymptomatic with history study groups were combined. 

	A PubMed related citations search of the included studies was to be conducted
	Due to the large number of studies included in the review and resources limitations, this method of searching was not conducted. 





[bookmark: _Toc174807218][bookmark: _Toc121844461]Supplementary Table 6 – Reports excluded from the review 

Reports excluded from the review with reason for exclusion (n=93)

	1.
	Abdelzaher MG, Tharwat S, Abdelkhalek A, Abdelsalam A. Role of ultrasound in detection of shoulder joint pathologies in asymptomatic rheumatoid arthritis patients. Annals of the Rheumatic Diseases. 2020; 79(SUPPL 1):1825.
	Not population of interest

	2.
	Akbar M, Brunner M, Balean G, Grieser T, Bruckner T, Loew M, et al. Etiology of rotator cuff tears in paraplegic patients: a case-control study.[Retraction in J Shoulder Elbow Surg. 2012 Jul;21(7):983; PMID: 22608702]. J Shoulder Elbow Surg. 2012;21(1):23-8.
	Not a study of the prevalence of imaging abnormalities

	3.
	Akbar M, Brunner M, Balean G, Grieser T, Bruckner T, Loew M, et al. RETRACTED: Etiology of rotator cuff tears in paraplegic patients: a case-control study (Retracted article. See vol. 21, pg. 983, 2012). Journal of Shoulder and Elbow Surgery. 2012;21(1):23-8.
	Not a study of the prevalence of imaging abnormalities

	4.
	Akbar M, Brunner M, Balean G, Grieser T, Bruckner T, Loew M, et al. Etiology of rotator cuff tears in paraplegic patients: A case-control study. Journal of Shoulder and Elbow Surgery. 2012;21(1):23-8.
	Duplicate, poster or conference abstract only

	5.
	Alasaarela EM, Alasaarela ELI. Ultrasound evaluation of painful rheumatoid shoulders. J Rheumatol. 1994;21(9):1642-8.
	Not population of interest

	6.
	Andreotti C, Ghobert AD, Della Sala SW, Morini A. Shoulder pain in hemodialysis patients: Multidisciplinary approach to diagnosis and treatment. Giornale Italiano di Nefrologia. 1997;14(4):229-37.
	Not population of interest

	7.
	Arvikar SL, Lin J, Kohler MJ. Musculoskeletal ultrasound reveals calcific deposition arthropathy in seronegative inflammatory arthritis patients. Arthritis and Rheumatology. 2014;66:S77.
	Duplicate, poster or conference abstract only

	8.
	Atala NA, Bongiovanni SL, Galich AM, Bruchmann MG, Rossi LA, Tanoira I, Ranalletta M. Is sarcopenia a risk factor for rotator cuff tears? Journal of Shoulder & Elbow Surgery. 2021 Aug; 30(8):1851-1855.
	No outcomes of interest

	9.
	Balke M, Schmidt C, Dedy N, Banerjee M, Bouillon B, Liem D. Correlation of acromial morphology with impingement syndrome and rotator cuff tears. Acta Orthop. 2013;84(2):178-83.
	No outcomes of interest

	10.
	Beitzel K, Zandt J, Beitzel KI, Buchmann S, Hahn D, Schwirtz A, et al. Clinical and 3T MRI evaluation of high performance junior elite overhead athletes: Basis for a preventive shoulder training. Arthroscopy - Journal of Arthroscopic and Related Surgery. 2011;27(10):e202.
	Not population of interest

	11.
	Beitzel K, Zandt JF, Buchmann S, Beitzel KI, Schwirtz A, Imhoff AB, et al. Structural and biomechanical changes in shoulders of junior javelin throwers: a comprehensive evaluation as a proof of concept for a preventive exercise protocol. Knee Surgery Sports Traumatology Arthroscopy. 2016;24(6):1931-42.
	Duplicate, poster or conference abstract only

	12.
	Bellam K, Taori K, Disawal A. High-resolution ultrasound vs MRI for cuff and non-cuff shoulder pathologies. Journal of Medical Imaging and Radiation Oncology. 2012;56:56.
	Not population of interest

	13.
	Blauwet CA, Chakraverty J, Derman W, Idrisova G, Martin P, Miller SC, et al. Shoulder Pain, Function, and Ultrasound-Determined Structure in Elite Wheelchair-Using Para Athletes: An Observational Study. Medicine & Science in Sports & Exercise. 2022; 54(6):896-904.
	No outcomes of interest

	14.
	Boersma E, Crijns T, Nijhuis-van der Sanden M, Edwards M, Ring D, Janssen S. Accuracy and reliability of MRI-reports to determine which shoulder is symptomatic for workers compensation patients with unilateral symptoms. Journal of Orthopaedics. 2020 Sep-Oct; 21:199-202.
	No outcomes of interest

	15.
	Bourji K, Mecoli C, Paik J, Albayda J, Tiniakou E, Kelly W, et al. Avascular Necrosis in the Hopkins Myositis Cohort: A Single Center Experience. Arthritis and Rheumatology. 2020; 72(SUPPL 10):2193-2195.
	No outcomes of interest

	16.
	Bourji KI, Mecoli CA, Paik JJ, Albayda J, Tiniakou E, Kelly W, et al. Prevalence of avascular necrosis in idiopathic inflammatory myopathies: a single-centre experience. Rheumatology. 2022; 61(3):936-942.
	No outcomes of interest

	17.
	Brogan DM, Carofino BC, Kircher MF, Spinner RJ, Elhassan BT, Bishop AT, et al. Prevalence of Rotator Cuff Tears in Adults with Traumatic Brachial Plexus Injuries. Journal of Bone and Joint Surgery-American Volume. 2014;96A(16).
	Not population of interest

	18.
	Burg LC, Karakostas P, Behning C, Brossart P, Kermani TA, Schafer VS. Prevalence and characteristics of giant cell arteritis in patients with newly diagnosed polymyalgia rheumatica - a prospective cohort study. Therapeutic Advances in Musculoskeletal Disease. 2023; 15:1759720X221149963.
	No outcomes of interest

	19.
	Burk Jr DL, Torres JL, Marone PJ, Mitchell DG, Rifkin MD, Karasick D. MR imaging of shoulder injuries in professional baseball players. Journal of magnetic resonance imaging : JMRI. 1991;1(3):385-9.
	Not population of interest

	20.
	Canon A, Roy L, Chevalier X, Giraudier S, Eymard F. Calcific tendinopathy: an unexpected side effect of tyrosine kinase inhibitor? Leukemia & Lymphoma. 2022 12; 63(13):3175-3180.
	Not population of interest

	21.
	Cartland JP, Crues JV, 3rd, Stauffer A, Nottage W, Ryu RK. MR imaging in the evaluation of SLAP injuries of the shoulder: findings in 10 patients. AJR Am J Roentgenol. 1992;159(4):787-92.
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	Toritsuka Y, Nakagawa S, Koyanagi M, Sado J, Nakata K, Masatomi T, et al. Shoulder and elbow evaluation of pitchers in National High School Baseball Invitational Tournaments and National High School Baseball Championships from 1993 to 2016 in Japan. Journal of Orthopaedic Science. 2020;25(3):423-7.
	XRAY
	No prevalence data per shoulder reported.

	30.
	Yamaguchi K, Ditsios K, Middleton WD, Hildebolt CF, Galatz LM, Teefey SA. The demographic and morphological features of rotator cuff disease - A comparison of asymptomatic and symptomatic shoulders. Journal of Bone and Joint Surgery-American Volume. 2006;88A(8):1699-704.
	US
	No prevalence data by shoulder symptom status. Author advised requested data not available. 
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	Details on study population, participant recruitment, and outcomes 

	Study and location
	Study population
	Details of participant recruitment
	Outcome definition

	X-ray and MRI studies

	Gill et al 2014
Australia
	Population-based

	Participants were obtained from the North West Adelaide Study (NWAHS), a longitudinal cohort study of 4056 randomly selected adults aged 18 years and over at the time of recruitment from the northern and western regions of Adelaide, South Australia. This sample region represents approximately half of the metropolitan area of Adelaide (total population of approximately 1.2 million) The study ran from 1999 to 2003 with Stage 1, Stage 2 was conducted between 2004 and 2006 and Stage 3 was conducted between 2008 and 2010, with the aim of providing longitudinal measured and self-reported data.
Potential participants for this study were identified from the NWAHS database in the following manner. In Stage 2, participants were asked: ‘Have you ever had pain or aching in your shoulder, either at rest or when moving, on most days for at least a month?’ In Stage 3, participants were asked: ‘Over the past month, have you had pain or aching in either or both of your shoulders, either at rest or when moving, on most days?’ Respondents who replied in the negative to both questions were identified as those with no current or previous shoulder pain; those who responded in the affirmative to the shoulder pain question in Stage 2 were those with previous shoulder pain and those who responded ‘yes’ to both questions were those with current shoulder pain. Participants were excluded if they were not currently aged between 55 and 74 years and if they self-reported that they had doctor-diagnosed rheumatoid arthritis in either Stage 2 or Stage 3.
	Both the X-ray and MRI films were independently read by two experienced musculoskeletal radiologists blinded to each participant’s symptoms. 

The X-ray findings are summarized in Table 2. These findings and subsequent categorizations were the subjective judgement of the reporting radiologists and based on their normal clinical practice and experience. Any discrepancy between the two radiologists was discussed and decided upon by consensus.

MRIs were read using a structured reporting system. As there are no validated scoring systems for MRI scans of the shoulder, subjective judgement and clinical experience were used to determine the following:
ACJ arthritis severity which was determined according to the degree of osteophytes, joint effusion, synovial thickening, bone edema and articular cartilage thinning;
Subacromial bursitis: mild bursitis had a sliver of fluid present or a small increase in T2 signal; moderate bursitis, clear fluid or thickening present; and severe bursitis, marked fluid distension and synovial thickening and/or the presence of rice bodies;

No specific classifications.

	X-ray studies

	Worland et al 2003
USA
	Miscellaneous
(volunteers)
	Between November 1999 and January 2000, the shoulders of 59 asymptomatic volunteer subjects were studied. The authors performed 18 outlet x-ray views and 18 shoulder rotator cuff ultrasound scans. Al volunteers had no past history of shoulder injury or surgery and were completely asymptomatic with regard ot their shoulders. The subjects were divided into four groups by age. Group 1 consisted of subjects 40-49 years of age (seven males, eight females); group ,2 50-59 years of age (seven males, eight females); group ,3 60-69 years of age (eight males, six females); and group 4 over 07 years (seven males, eight females). Al patients underwent a clinical evaluation that showed no functional alteration in terms of range of movement, power, or impingement signs.
	The evaluation of the acromion type was performed by drawing the acromial angle as described by Toivonen. The angle is formed by the intersection of a line along the undersurface of the acromion and a line extending from the tip of the hook to a point where the base of the hook joins the undersurface of the acromion. Two independent readings were performed by the authors. The acromial type was defined by the value of the acromial angle. Type I acromions had an acromial angle of °0 - 12°; type I had 13° 2-7°; and type I had greater than 27°.

	Maquirriain et al 2006
Argentina
	Miscellaneous (volunteers)
	We studied 18 asymptomatic senior tennis players (17 male; mean (SD) age, 57.2 (8.8) years, range 51 to 75) and 18 matched controls (17 male; 59.8 (6.4) years, range 51 to 76). 
Inclusion criteria for the control group were: age older than 50 years; no history of shoulder surgery, trauma, or systemic arthropathy; and sedentary habits and lack of heavy working tasks.
	Images were analysed by two experienced musculoskeletal radiologists. All evaluations were made with the radiologists blinded to the age and sex of the subjects. Acromioclavicular joint degeneration, subacromial calcification, and superior migration of the humeral head were also recorded. 

Definition not specified.

	Khoschnau et al 2020
Sweden
	Miscellaneous (healthcare population and volunteers)
	Between September 2007 and December 2009, subjects for this study were recruited through a questionnaire that was given to patients and the relatives who accompanied them when they sought our hospital outpatient clinics for urological, gynecological or ear-nose-throat conditions. Subjects seeking for orthopedic problems were excluded from this study.
All subjects aged 50–75 (median 66 years) were contacted and asked to participate in this research project. The participation was voluntary and without cost for the subjects.
	Bilateral ultrasound examination was performed by one examiner. A radiological examination of the shoulders was also performed, and it included standard anteroposterior views with the glenoid in absolute profile and the head of the humerus in neutral position. A standardized shoulder radiographic protocol listed different areas to be examined.

Definition not specified.

	Maquirriain et al 2006
Argentina
	Athletes 
(former elite tennis players)
	We studied 18 asymptomatic senior tennis players (17 male; mean (SD) age, 57.2 (8.8) years, range 51 to 75) and 18 matched controls (17 male; 59.8 (6.4) years, range 51 to 76). 
Inclusion criteria for the study group were: age older than 50 years; previous professional level and continuous activity (practising, teaching); no history of surgery or major trauma (that is, fracture or dislocation) to either shoulder; and no history of systemic arthropathy. They had begun playing the sport at a mean age of 8.0 (2.6) years. 
	Images were analysed by two experienced musculoskeletal radiologists. All evaluations were made with the radiologists blinded to the age and sex of the subjects. Acromioclavicular joint degeneration, subacromial calcification, and superior migration of the humeral head were also recorded. 

Definition not specified.

	Wright et al 2007
USA
	Athletes 
(overhead, baseball pitchers)
	Fifty-seven asymptomatic MLB pitchers participating in the St Louis Cardinals spring training camp underwent routine preseason radiographic screening of their dominant shoulder and elbow between 1986 and 1998. Radiographs were retrospectively reviewed.
	The radiographs were reviewed by a single investigator, and no intraobserver reliability was performed. The radiographic changes reviewed in this study are not represented by classification systems in the literature, and thus severity of findings cannot be presented in a standardized fashion. Thus, the authors chose to use a system of present or not present. 

Definition not specified.

	Ultrasound studies

	Wang et al 2005
Taiwan
	Miscellaneous
(volunteers and athletes)
	The inclusion criterion for the elite college baseball athletes sampled in this study was that they either played for the national baseball team during the World Cup in 2001, or trained in the preparatory team. Fifty-four elite college baseball athletes (mean age: 20) were recruited from among 75 eligible subjects. The recruitment rate of athletes thus was 72%. The baseball athletes who had suffered shoulder sports injuries or pain were identified as the group of injured athletes, while those athletes who reported no history of injury or pain comprised the group of uninjured athletes. Meanwhile, the inclusion criteria for the control group were as follows: first, control group members were completely asymptomatic and had no history of shoulder pain or injury causing them to seek medical treatment or surgery. Second, control group members did not participate in sports at a professional level and were not studying physical education. Third, control group members were matched in physical characteristics with the recruited athletes.
	Acromioclavicular degenerative changes: Cortical irregularities or osteophytes, usually accompanied by intraarticular hypoechoic fluid displacing joint capsule, i.e., effusion, or joint bulging 42 mm by longitudinal scanning (Naredo et al., 2002)

No specific classification.

	Oschman et al 2007
South Africa
	Miscellaneous
(healthcare population)
	The shoulders of 50 patients, 32 males and 18 females, with an average age of 64 years (range 40 - 83 years) were studied. The patients had a confirmed symptomatic rotator cuff tear on the one side and an asymptomatic shoulder on the contralateral side. The asymptomatic shoulder had no history of problems severe enough to have required medical attention.
	The normal SASD bursa is not thicker than the humeral head cartilage and does not contain fluid. If the bursa contained fluid and appeared thickened it was documented as a SASD bursitis (No specific classification). 
Signs of impingement according to Neer’s classification and size of the tears. Stages of impingement on ultrasound according to Neer are as follows:
• Stage I - oedema and haemorrhage in the bursa and rotator cuff.
• Stage II - fibrosis and thickening of the bursa and partial rupture of the rotator cuff.
• Stage III - complete rupture of the rotator cuff.

	Abate et al 2010
Italy

	Miscellaneous
(healthcare population)
	All the subjects enrolled in the study were recruited from the Outpatients Service of the Medicine and Science of Aging Department of Chieti - Pescara University. Inclusion criteria were the following: 1) living independently in the community; 2) age > 65 years; 3) right - handedness; 4) absence of pain or acceptable discomfort in the shoulder joint, spontaneous or during usual activities of daily living; 5) no subjective dysfunction; 6) no history of trauma or surgery of the shoulder joint. Patients with rheumatic disorders, endocrinopathies, malignancies and systemic diseases (renal, hepatic, cardiac, etc.), treated with steroids or NSAID, were excluded. The local Ethics Committee approved the study design and informed written consent was obtained from all the patients. The study group included 48 subjects with non-insulin-dependent diabetes mellitus (NIDDM). The diagnosis of NIDDM was based on American Diabetes Association criteria. The control group was made by 32 subjects, matched for age and sex, but without NIDDM, and selected with the same inclusion/exclusion criteria.
	Involvement of SAD was identified when accumulation of anechoic fluid, with or without hypoechoic swelling of the synovia, appeared within it; it was graded subjectively as normal (distension < 1 mm), slightly increased (1 - 2 mm) or clearly increased (> 2 mm).

No specific classification.

	Ocguder et al 2010
Turkey
	Miscellaneous (volunteers)
Athletes
(overhead elite premier league) 
	The study evaluated the shoulders of overhead elite premier league athletes involved in basketball, handball, volleyball, body building, and water polo. The study protocol was approved by the institution- al ethics committee, and informed consent was obtained from all the subjects. Ultrasonographic examination of both shoulders was performed in 45 asymptomatic overhead athletes (8 female, 37 male ; mean age: 22 years, age range : 17-40 years), and 43 asymptomatic volunteers (13 female, 30 male ; mean age : 25 years, age range: 18-33 years). Although the age distribution was within a large range, all sportsmen were playing in elite premier league and were randomly selected from the group of four overhead sports mentioned above. The shoulders of all the overhead athletes and asymptomatic volunteers were completely asymptomatic, and the subjects had no history of previous shoulder injury, symptoms, and/or surgery. Each of the 45 players and 43 control subjects had an independent physical examination of both shoulders performed by an orthopaedic shoulder surgeon. Any current or former shoulder pain was recorded. All the shoulders were inspected for scars, atrophy, deformities and rhythm of motion. The rotator cuff was evaluated using Jobe’s test and impingement was evaluated with Hawkins and Yocum’s tests.
	The thickness of the SS tendon was measured at 5mm and 10 mm from its humeral insertion. In addition, any tears, calcifications, and tendinitis were recorded.
Subacromial–subdeltoid bursa thickness between the folds of the bursa was measured. Any effusions were recorded.

Definition not specified.

	Girish et al 2011
USA
	Miscellaneous
(healthcare population, males with knee problems)
	The patient sample consisted of 51 consecutively registered men without symptoms who were recruited as a part of a wider study of bone density in the first half of 2009. These patients had gone to the orthopedic clinic because of knee problems. All subjects were men because women were excluded from the study to avoid postmenopausal effects on humeral bone density. All subjects included in the study reported no symptoms, trauma, or treatment involving either shoulder as determined by a sport medicine–trained orthopedic shoulder surgeon. No subject had a history of systemic inflammatory disease. Medical records, including reports of other imaging studies, were reviewed.
	Subacromial-subdeltoid bursal thickening was defined as focal or diffuse bursal thickening of more than 2-mm transverse thickness with associated hypoechogenicity with or without bursal fluid.
Subacromial impingement was defined as pooling of subacromial-subdeltoid bursal content just lateral to the acromion at dynamic shoulder abduction evaluation.
Acromioclavicular osteoarthritis was defined as the presence of osteophytes with associated articular surface irregularity with or without joint effusion or capsular thickening.

Definition not specified.

	Iagnocco et al 2013
Italy
	Miscellaneous
(volunteers from 4 Italian rheumatology units)
	Ninety-seven healthy subjects were enrolled in the present study. The study was conducted in 4 Italian Rheumatology Units (Sapienza Università di Roma, Università Politecnica delle Marche, Università di Pisa and Università di Pavia). The presence of musculoskeletal symptoms, including painful shoulder, and a diagnosis of any rheumatic diseases as well as any other systemic pathology were exclusion criteria from the study.
	In each of the 4 units participating in the study, US examination was separately and independently performed by a single ultra- sonographer who was a rheumatologist experienced in musculoskeletal US. The synovial structures of the shoulder, including the subacromial/subdeltoid bursa and the ACJ were examined for the presence of synovial effusions (SE) and synovial hypertrophy (SH). In addition, ACJ was analysed for the detection of osteophytes and erosions as well as of fibrocartilage calcifications. All abnormalities were studied according to international accepted definitions and scored according to a dichotomous assessment. In addition, calcifications were assessed for the presence of acoustic shadowing and their maximal dimension was measured. 
Definition not specified.

	Sansone et al 2016
Italy
	Miscellaneous
(healthcare population, females referred to routine gynecological screening)
	Between January and March 2013 all the patients referred to a gynaecological clinic for routine screening were asked if they were willing to participate in our study. Inclusion criteria for our study included female gender and age between 18 and 60 years old. Exclusion criteria were current pregnancy, having had previous shoulder surgery or shoulder fractures, or a diagnosis of cancer. Three hundred and two female volunteers (604 shoulders) met the inclusion/exclusion criteria and agreed to participate.
	The US was performed by a single consultant radiologist with more than 10 years of musculoskeletal scanning experience. Between the deltoid muscle and the external rotator tendons the subacromial-subdeltoid bursa was seen, appearing as a hypoechoic line of a thickness of less than 2 mm with a variable amount of peribursal echogenic fat (No specific classification). Rotator cuff calcifications were defined as echogenic focus with or without posterior acoustic shadowing. The maximum diameter of the calcifications was measured, and they were classified as follows: less than 2 mm; between 2 and 5 mm; and greater than 5 mm.
Calcification calssified according to size.

	Meroni et al 2017
Italy
	Miscellaneous
(volunteers, working aged women)
	From November 2011 to March 2012, 305 female customers of a supermarket chain in northern Italy were recruited to participate in this study. A consecutive sampling technique was used to enroll the participants. All the subjects were aged between 19 and 56 years. The exclusion criteria were a previous shoulder trauma or surgery, evident or previously diagnosed major pathologies, and the presence of other musculoskeletal, neurological, or psychiatric impairments. Furthermore, subjects who performed repetitive movements of the upper arm or carried heavy loads for professional reasons were also excluded.
Respondents were asked if they had had any musculoskeletal disorders in the last 12 months that had prevented normal activity and if they had had shoulder pain at least once a month in the past year or during at least seven consecutive days in the past year, or if they felt continuous pain. A negative response was considered as an “asymptomatic shoulder”; otherwise, a positive response was considered as “symptomatic shoulder.”
	The following structures were examined: rotator cuff (supraspinatus, infraspinatus/teres minor, and subscapularis), long head of the biceps tendon, SAD bursa, humeral head, and acromioclavicular joint. Tendon lesions, tendon calcifications, bursitis, capsulitis, and all other morphological and degenerative abnormalities such as arthritic alterations of the surrounding structures were registered. All abnormalities were studied according to the international accepted definitions and scored according to a dichotomous assessment.
No specific classifications.
Calcifications were assessed for the presence of acoustic shadowing and further divided into 3 groups (granular, milk, or linear calcifications), and were then further classed according to diameter size as follows: calcifications between 5 and 12 mm, and calcifications >12 mm in diameter.
Calcification calssified according to size.

	Suzuki et al 2021
Japan
	Miscellaneous
(volunteers)
Athletes
(masters level swimmers)
	A total of 60 subjects (23 men and 37 women) aged 33 to 65 years participated in this study; 40 were competitive swimmers and 20 were healthy sex- and age-matched controls. The common inclusion criteria were as follows: aged 30 to 65 years at the time of the survey and no history of shoulder fractures, shoulder dislocation, or shoulder surgery. In addition, swimmers included those who had practiced swimming regularly at least once a week in the preceding year, while controls were those who were not engaged in regular exercise or sports activities at enrolment. We excluded swimmers with less than three years of competitive swimming history and controls with shoulder pain in ADL at the time of the survey.
	All ultrasonographic evaluations were performed by a physical therapist with more than 5 years of musculoskeletal scanning experience according to the technical guidelines of the Ultrasound Subcommittee of the European Society of Musculoskeletal Radiology. Calcification was defined as intra-tendinous hyperechoic areas with or without posterior acoustic shadowing.
The SAB was evaluated for the presence of thickening/effusion and defined as focal or diffuse bursal thickening of more than 2 mm. SAB thickness was measured from the top to the bottom at the first change point of the inclination angle

No specific classifications.

	Eliason et al 2022
Sweden
	Miscellaneous
(healthcare population)
	Patients were consecutively recruited from seven primary care centers in Stockholm between 2012 and 2016. One hundred fifteen patients, 54 men and 61 women diagnosed with unilateral SAPS were included in the study. The patients were 20–59 years of age (mean 45, 0 ± 10, 4) with a pain duration of mean 22 ± 14.5 weeks. 

Inclusion and Exclusion Criteria
The inclusion criterion was patients aged 20–59 years that had suffered from SAPS between 4 weeks and 1 year. We used the recommended combination of clinical tests for evaluating the patients. For inclusion at least two of these tests had to be positive together with a positive painful arc.
Exclusion criteria were bilateral shoulder pain, earlier treatment with cortisone injection, diabetes mellitus, history of trauma, fractures and dislocations of the shoulder joint, rheumatoid arthritis, severe arthroses, frozen shoulder (loss of passive and active range of motion), a positive drop-arm test and other clinical signs of total tears or FTT ́s. Fibromyalgia and thoracic or cervical spine syndromes.
	The acromioclavicular joint was evaluated in terms of possible sprains and osteoarthritis. The supraspinatus tendon and the sub- deltoid/subacromial bursae were evaluated dynamically during abduction with the arm slightly internally rotated.
The US examiner was blinded to arm dominance, the patient ́s symptom as well as to the purpose of the study. The sonographic evaluation of the rotator cuff was performed in all patients according to a standardized protocol, the same that was thoroughly described by Vlychou et al. (2009).

No specific classifications.


	Brasseur et al 2004
France
	Athletes 
(veteran tennis players)
	In July 1998, the French Tennis Federation invited the 600 players participating in the French veteran championship of the Roland Garros Tennis Open to undergo free clinical and US examinations of their shoulders. The first 150 volunteers constituted the cohort of subjects used for this study. This cohort included 85 men (age range 35–76 years, mean age 57 years) and 65 women (age range 35–77 years, mean age 52 years).
	An effusion of subacromial–subdeltoid bursa (SSB) was defined as an anechoic lamina between the folds of the bursa. It was considered to be mild (lamina thickness <3 mm) or abundant (lamina thickness >3 mm).
The SSB thickness was measured. The SSB was considered to be abnormal when the hypoechoic lamina located between the deep hyperechoic lamina of the deltoid and the superficial hyperechoic lamina of the supraspinatus was >2 mm thick. It was considered to be mildly thickened when this lamina was 2 or 3 mm, and markedly thickened when >3 mm.

No specific classifications.



	MRI studies

	Chandnani et al 1992
USA
	Miscellaneous
(volunteers)
	Twenty volunteers, who had never had symptoms referred to the shoulder, aged 25-55 years, were included
	Images were blindly and independently interpreted by three radiologists experienced in skeletal MR and differences resolved by consensus. 
The subacromial and subdeltoid region was evaluated for the presence of degenerative changes in the region of the acromioclavicular (AC) joint, and supraspinatus depression was sought.

Definition not specified.

	Neumann et al 1992
USA
	Miscellaneous
(volunteers)
	The study includes MR images of55 shoulders in 32 asymptomatic young, active, and healthy men and women in medical services or enlisted in the Armed Forces. The 23 men and nine women were 22- 45 years old (mean, 26 years). 
	The images were reviewed by radiologists experienced in musculoskeletal MR imaging. The SA-SD space was evaluated for presence, continuity, and signal intensity of the fat stripe or fluid in the bursa. When present, changes suggesting reactive thickening or osteophytes on the inferior cortex of overlying acromion were recorded, as were inferior osteophytes and other degenerative changes of the acromioclavicular joint. 

No specific classifications.

	Needell et al 1996
USA
	Miscellaneous
(volunteers from local community)
	Volunteers were solicited by advertisement in the local community for participation in a sports medicine study. The purpose and method of the study were not made known. A detailed questionnaire covering occupational history, past medical history, handedness, and activity level was distributed to 153 respondents. Those with a history of shoulder or neck trauma, surgery, or pain were excluded from the study. The remaining 107 underwent clinical examination; seven had abnormal clinical examination findings (shoulder symptoms), and were excluded from the study, leaving 100 asymptomatic volunteers to participate. The final study population included 51 women and 49 men who were 19-88 years old (mean, 54 years old).
	Bone changes associated with impingement, including AC OA, subacromial spurs, and humeral head cysts were evaluated. Acromioclavicular joint osteoarthrosis was subjectively quantified as mild, moderate, or severe. The diagnosis of subacromial spurs was made by observing the presence of a marrow signal or a signal void projecting from the acromion tip.

No specific classifications.

	Stein et al 2001
USA
	Miscellaneous
(healthcare population, other musculoskeletal complaint)
	MRI of the ACJ and surrounding structures was performed on 50 shoulders in 42 patients who ranged in age from 19 to 72 years (average, 35 years). There were 18 men and 24 women. Twenty-three right shoulders and 27 left shoulders were studied. There were 44 right-hand–dominant and 6 left-hand–dominant patients. MRI was performed on 21 dominant shoulders and 29 non- dominant shoulders. Patients who were having MRI of other extremities were asked to participate in this study. All patients were screened before participation with a standardized questionnaire and excluded if there was any history of shoulder pain, instability, decreased range of motion, trauma, infection, or arthridities.
	Images were evaluated by an experienced musculoskeletal radiologist for the presence of ACJ abnormalities consistent with arthritis. All evaluations were made with the radiologist blinded to the age and sex of the patient. Determination of the grade of ACJ abnormalities was based on multiple factors including joint space narrowing, subchondral irregularity, capsular distension, and osteophyte formation. Grade I was characterized as having no capsular dis- tension, no joint space narrowing, and no evidence of osteophyte formation. Mild changes (grade II) were characterized by capsular distension, which was frequently the sole finding but was occasionally accompanied by mild joint space narrowing. Moderate changes (grade III) were demonstrated by capsular distention with a combination of joint space narrowing, subacromial fat effacement, and marginal osteophyte formation. Severe ACJ changes (grade IV) included all of the above in addition to marked joint space irregularity and narrowing with large osteophytes.

ACOA Stein Classification

	Barreto et al 2019
Brazil
	Miscellaneous
(volunteers from the community who had self-reported unilateral shoulder pain)
	Recruitment was performed by advertisements on local websites and printed flyers at the university and in the community. 347 eligible, 224 excluded
Individuals with atraumatic self-reported unilateral shoulder pain for at least 4 weeks since first onset and full active arm elevation
	Acromioclavicular (AC) joint alterations such as osteoarthritis (OA) or joint hypertrophy were observed in the coronal oblique and sagittal oblique planes. Cysts and fluid at the AC joint were observed on T2 images. Signs of tissue proliferation such as osteophytes, joint space narrowing, margin irregularity, and bone sclerosis were identified on T1 images.
Increased subacromial fluid was reported when the subacromial bursa contained signal intensity equal to the signal of joint fluid or water on T2 images.
No specific classifications.
Acromial morphology was described following the classification of Epstein et al, divided into 3 types: type I, flat; type II, smoothly curved; and type III, hooked.

	Su et al 2020
Taiwan
	Miscellaneous
(male volunteers)

Athletes 
(male baseball players)
	30 age-matched male recreational athlete volunteers. These volunteers were radiologic technologists and general personnel at our institution.

We identified 76 male baseball players of the professional baseball league in Taiwan from records of MRI examinations performed between 2013 and 2015.
	SA-SD bursa:
Edematous: Bursa with high signal intensity or apparent effusion on T2-weighted images. 
Thickened: Bursa with a thickness greater than 2 mm.

No specific classification.

	Liu et al 2021
USA
	Miscellaneous
(non-athletic volunteers from a college and medical school)
	Participants were recruited from a local college and medical school by way of flyers, Studyfinder, and social media. Inclusion criteria included age 18–29, willingness to undergo MRI of both shoulders, no current shoulder injury/complaints, and must not have ever participated in formal competitive athletics (including junior/varsity level high school, college, competitive club sports, or deemed self to have played any sports at an amateur/competitive level). Exclusion criteria included non-English speaking, age younger than 18 or older than 29, contraindication to MRI, previous shoulder surgery, and previous/current shoulder injuries.
	The images were reviewed with data recorded on a standardized form evaluating the following areas: joint fluid, bone marrow signal, rotator cuff tendon, biceps tendon, labrum, acromioclavicular (AC) joint, and finally chondral injuries of the glenohumeral joint. Three months later, both radiologists blinded to their previous readings reviewed the MRIs for a second time, recording their findings on a new standardized form.
A given finding was considered positive for the epidemiologic prevalence if there was agreement in a specific anatomic area by the majority of the four reads (at least three positive reads out of a total of four—two reads at two different points in time).

No specific classifications.

	Miniaci et al 2002
Canada
	Athletes
(professional male baseball pitchers)
	Twenty-eight shoulders in 14 male professional baseball pitchers (average age, 20.1 years; range, 18 to 22) were evaluated in this study. Eleven of the 14 pitchers were right-handed and 3 were left-handed. Each pitcher had at least 1 year of professional experience. All athletes were completely asymptomatic with regard to their shoulders and had no history of previous shoulder injury, symptoms, or surgery.
Players were evaluated and underwent MR imaging at the Toronto Western Hospital in Toronto, Ontario, Canada.
	The acromial shape was assessed in all 28 shoulders imaged on both the sagittal and coronal oblique views. The sagittal oblique view is best for determining acromial shape, although large spurs are readily identified on the coronal oblique view. The acromions were classified with respect to their appearance on the image just lateral to the acromioclavicular joint. In addition, the presence of subacromial enthesophytes and acromioclavicular joint osteoarthritis was noted.

No specific classifications.

	Connor et al 2003
USA
	Athletes
(elite overhead athletes)
	Prospective MRI investigation of dominant and nondominant shoulders of young, elite overhead athletes. Twenty elite overhead athletes (12 college baseball pitchers and 8 professional tennis players) participated in this investigation. The average age of the athletes was 26.4 years, and the average length of athletic participation was 16.7 years
	Three musculoskeletal radiologists who were blinded to clinical data independently interpreted each MRI. Each musculoskeletal radiologist completed an image interpretation form for each scan, evaluating the outcome variables:
Subacromial fluid (absent/present)
Acromiohumeral distance (normal/abnormal) 
Calcification (absent/present)
Articular cartilage (normal/abnormal) 
Joint effusion (absent/present) 
Labrum (normal/abnormal)
Biceps tendon (normal/torn)
Greater tuberosity (normal/sclerosis/cysts) 
Acromioclavicular joint (normal/arthritic) 

No specific classifications.

	Reuter et al 2008
USA
	Athletes (Ironman participants)
	Each Ironman Triathlete underwent a comprehensive physical examination of the shoulder of the dominant arm by an experienced orthopedic surgeon (WDH). The findings from the physical examination in addition to initial screening by the research coordinator were used to ensure proper inclusion of the study subjects into their respective study groups. These two groups were defined as follows: (1) asymptomatic Ironman Triathletes [seven subjects, five men and two women; average age 35, range 29–62], (2) symptomatic Ironman Triathletes (16 subjects, 11 men and five women; ave. age 39, range 27–59). All 23 subjects (average age 37) were 18 years of age or older and participating as Ironman Triathlete competitors.
	The AC joint was evaluated specifically for elevated bone marrow signal within the clavicle and acromion. 

No specific classifications.


	Del Grande et al 2016
USA
	Athletes
(male overhead athletes; dominant shoulders of 19 asymptomatic baseball pitcher draft picks)
	We selected from our electronic patient record, 20 asymptomatic baseball pitcher draft picks that underwent 3-T MR examination of the shoulder between January 2008 to September 2013. All subjects underwent physical exam by an experienced orthopedic surgeon with special training in sports medicine within 2 day of the MRI examination. The physical examination included but was not limited to acromioclavicular and sternoclavicular tenderness, O'Brien test, Jobe relocation test, and subacromial impingement test. Exclusion criteria were: history of shoulder surgery, abnormal physical examination, or nondiagnostic image quality. One subject was excluded because of previous shoulder surgery. Therefore, the final study population included 19 asymptomatic baseball pitchers draft picks with a mean age of 19.9 years (range, 17–22 years). All subjects were men.
	Acromioclavicular joint: Osteoarthritis was graded as none, mild (capsular distension), moderate (capsular distension, joint space narrowing and marginal osteophytes), or severe (capsular distension, joint space narrowing, joint space irregularity, and large osteophytes) following modified criteria used by Shubin Stein et al.
Stein classification.
Subacromial space: Fluid in the subacromial space was recorded as absent, linear (1 mm thickness), or saclike (greater than 1 mm thickness).
No specific classification.

	Celliers et al 2017
South Africa
	Athletes 
(elite swimmers)
	The study population was voluntarily selected from the University of the Free State’s swimming team located in Bloemfontein, South Africa. The sample included 20 volunteers, both male and female elite swimmers between the ages of 16 and 25 years, with symptomatic and asymptomatic shoulders. An elite swimmer was defined as a swimmer with the ability to perform a 100 m freestyle race at or faster than 75% of a national record swimming time. Exclusion criteria were: previous shoulder surgery, previous fracture of the shoulder, inability or unwillingness to participate in the MRI and clinical shoulder examination. None of the swimmers were excluded from the study.
	The images were reviewed by three consultant radiologists and findings were documented on a standardised self-administered assessment form that was compiled from Stoller’s textbook of MRI in orthopaedics and sports medicine. The checklist consisted of 135 variables that had to be evaluated in the three different planes. For each item, a yes or no had to be indicated by the radiologists. For analysis, consensus between the radiologists was used (i.e. the answer given by two or more of the radiologists). 

No specific classifications.

	Hacken et al 2019
USA
	Athletes
(college and professional male ice hockey players)
	Collegiate hockey players from a National Collegiate Athletic Association Division III team and professional hockey players from an American Hockey League/National Hockey League team were recruited for the study. Fifty shoulders in 25 male collegiate (n=13) and professional (n=12) ice hockey players were examined. To be eligible, players needed to be >18 years, active members of team and willing to undergo MRI. Athletes were excluded from the study if there was any current or previous known shoulder injury, as determined by player records and patient self-reporting

	Images were blindly reviewed by 2 board-certified radiologists specialized in musculoskeletal radiology with extensive experience in reading shoulder MRIs. Data from the reviews were recorded on a standardized form evaluating the following 7 areas for each side: joint fluid, bone marrow signal, rotator cuff tendon, biceps tendon, superior/anterior/posterior/inferior labrum, AC joint, and determination of whether chondral injuries of the glenohumeral joint were present. Three months later, both radiologists, blinded to their previous readings, reviewed the MRIs for a second time and recorded their findings on a new standardized form. Thus, there were 4 interpretations for each MRI.
Regarding overall prevalence, a finding at a given shoulder site and side was considered positive for abnormality if at least 3 of the 4 interpretations (ie, >50%) were classified as positive; otherwise, a negative finding was recorded.

No specific classifications.

	Lee et al 2020
USA
	Athletes 
(26 elite volleyball players from the US Men’s and Women’s National Indoor Volleyball Teams)
	A total of 26 elite volleyball players from the US Men’s and Women’s National Indoor Volleyball Teams consented to participate in this study. Inclusion criteria for the study included playing nationally and internationally with no pain or restrictions to activity level at the time of the study (asymptomatic). Exclusion criteria included pain in the dominant shoulder of the athlete, having gone through a rehabilitation programme within the year before data collection, previous surgery on the dominant shoulder and regular use of pain or anti-inflammatory medications at the time of data collection (symptomatic). 
	Each athlete underwent a (non-funded) non-arthrogram MRI (Esaote S-Scan 0.27 Tesla). 
MRI studies were reviewed by two radiologists with fellowship training in musculoskeletal radiology. Both radiologists were blinded. Data was only included when there was interobserver agreement between both radiologists. Data regarding the osseous structures, cartilage, labrum, rotator cuff, muscle atrophy and capsule were recorded. 

No specific classifications.

	Cooper et al 2022
USA
	Athletes
(elite level rock climbers)
	50 volunteer elite rock climbers. Recruitment was aided by advertisements in climbing gyms in Colorado, USA, and across various online platforms, such as climbing training and route forums, as well as through social media. Climbers were eligible to participate in the study if they had been climbing at a grade of 5.11 or higher for at least 5 years; had no shoulder-related complaints; had no history of previous shoulder surgery or significant injury, including previous shoulder surgery or dislocation, rotator cuff or glenoid labrum tear, or fracture; and were willing and able to undergo MRI.
	Subacromial/subdeltoid bursitis: Fluid distension and thickening in the bursa
Acromioclavicular joint degeneration: Any of the following: capsular synovial scarring, synovitis, bony ridging, irregular pitting/cystic change, edema along an articular surface, chronic appearing subluxation of either bone, thinning, fissuring, or more severe degeneration of a cartilage surface; excess joint fluid can be an associated finding but is not degeneration by itself

No specific classifications.



[bookmark: _Toc174807221][bookmark: _Toc121844463]Supplementary Table 9 – The certainty of evidence

	Grading of the level of evidence.

	No of shoulders
(No of studies)
	Study population
	Risk of bias
	Inconsistency
	Imprecision
	Indirectness
	Publication bias
	Overall certainty of evidence

	AC OA

	20 (1)
	Population-based
	Serious
	Not serious
	Very serious
	Serious
	Not serious
	Very low

	1443 (13)
	Miscellaneous
	Serious
	Very serious
	Serious
	Serious
	Not serious
	Very low

	351 (9)
	Athletes
	Serious
	Very serious
	Serious
	Serious
	Not serious
	Very low

	SA bursa abnormality

	20 (1)
	Population-based
	Serious
	Not serious
	Very serious
	Serious
	Not serious
	Very low

	1538 (14)
	Miscellaneous
	Serious
	Serious
	Serious
	Serious
	Not serious
	Very low

	533 (9)
	Athletes
	Serious
	Very serious
	Serious
	Serious
	Not serious
	Very low

	SA space abnormality

	20 (1)
	Population-based
	Serious
	Not serious
	Very serious
	Serious
	Not serious
	Very low

	1205 (9)
	Miscellaneous
	Serious
	Serious
	Serious
	Serious
	Not serious
	Very low

	28 (1)
	Athletes
	Serious
	Not serious
	Very serious
	Serious
	Not serious
	Very low

	SA calcification

	20 (1)
	Population-based
	Serious
	Not serious
	Very serious
	Serious
	Not serious
	Very low

	1487 (8)
	Miscellaneous
	Serious
	Not serious
	Serious
	Serious
	Not serious
	Very low

	285 (4)
	Athletes
	Serious
	Serious
	Serious
	Serious
	Not serious
	Very low



[bookmark: _Toc174807222]Supplementary Table 10 – Comparison of asymptomatic and symptomatic shoulders
Asymptomatic
Symptomatic

	
	Prevalence of glenohumeral (GH) joint osteoarthritis (OA), humeral head cysts, labrum abnormalities, and long head of biceps (LHB) abnormalities in asymptomatic and symptomatic shoulders

	Study
	Study population
	Age, years
(range)
	Women (%) 
	Number of shoulders
	AC-joint OA*, 
% (n/N)
	SA bursa abnormality†, % (n/N)
	SA space abnormality‡, % (n/N)
	SA calcification, 
% (n/N)

	X-ray studies

	Gill et al 2014
	Population-based¶
	64.8 (56–74)
	60
	20
	95 (19/20)
	NR
	20 (4/20)
	5 (1/20)

	Gill et al 2014
	Population-based¶
	64.8 (56–74)
	60
	10
	100 (10/10)

	NR
	30 (3/10)
	20 (2/10)

	Khoschnau et al 2020
	Miscellaneous§
(healthcare population and volunteers)
	66 (50–75)
	51
	129
	31 (40/129)
	NR
	NR
	NR

	Khoschnau et al 2020
	Miscellaneous§
(healthcare population and volunteers)
	66 (50–75)
	51
	83
	33.7  (28/83)
	NR
	NR
	NR

	US studies

	Sansone et al 2016
Italy
	Miscellaneous§
(healthcare population)
	38.5 (18–60)
	100
	509
	NR
	NR
	NR
	13.6 (69/509)

	Sansone et al 2016
Italy
	Miscellaneous§
(healthcare population)
	38.5 (18–60)
	100
	95
	NR
	NR
	NR
	35.8 (34/95)

	Eliason et al 2022
	Miscellaneous#
(healthcare population)
	45.0 (20–59)

(20–29)
(30–39)
(40–49)
(50–59)
	53
	115

14 
19 
35 
47 
	13 (15/115)

0 (0/14)
21.1 (4/19)
17.1 (6/35)
10.6 (5/47)
	73 (84/115)

35.7 (5/14)
89.5 (17/19)
71.4 (25/35)
78.7 (37/47)
	NR
	17.4 (20/115)

0 (0/14)
10.5 (2/19)
20 (7/35)
23.4 (11/47)

	Eliason et al 2022
	Miscellaneous#
(healthcare population)
	45.0 (20–59)

(20–29)
(30–39)
(40–49)
(50–59)
	53
	115

14 
19 
35 
47 
	20 (23/115)

0 (0/14)
21.1 (4/19)
25.7 (9/35)
21.3 (10/47)
	88.7 (102/115)

57.1 (8/14)
100 (19/19)
85.7 (30/35)
95.7 (45/47)
	NR
	25.2 (29/115)

7.1 (1/14)
26.3 (5/19)
22.9 (8/35)
31.9 (15/47)

	Brasseur et al 2004

	Athletes¶ 
(veteran Tennis players)
	55 (37–77)
	43.3
	119
	NR
	22.7 (27/119)
	NR
	25.2 (30/119)

	Brasseur et al 2004

	Athletes¶ 
(veteran Tennis players)
	55 (37–77)
	43.3
	31
	NR
	12.9 (4/31)
	NR
	38.7 (12/31)

	Suzuki et al 2021

	Athletes§ 
(masters level swimmers)
	51.8 (33–65)
	65
	60
	NR
	11.7 (7/60)
	NR
	16.7 (10/60) 

	Suzuki et al 2021

	Athletes§ 
(masters level swimmers)
	51.4 (33–65)
	60
	20
	NR
	10 (2/20)
	NR
	35 (7/20)

	MRI studies

	Gill et al 2014
	Population-based¶
	64.8 (56–74)
	60
	20
	85 (17/20)
	90 (18/20)
	NR
	NR

	Gill et al 2014
	Population-based¶
	64.8 (56–74)
	60
	10
	100 (10/10)
	100 (10/10)
	NR
	NR

	Chandnani et al 1992
	Miscellaneous¶ 
(volunteers)
	(25–55)
	NR
	20
	35 (7/20)
	0 (0/20)

	NR
	NR

	Chandnani et al 1992
	Miscellaneous¶
(volunteers)
	(25–55)
	NR
	20
	55 (11/20)
	30 (6/20)

	NR
	NR

	Barreto et al 2019
	Miscellaneous# 
(healthcare population)
	39.4 (18–77)
	46.3
	123
	73.2 (90/123)
	52.8 (65/123)
	13 (16/123)
	NR

	Barreto et al 2019
	Miscellaneous# 
(healthcare population)
	39.4 (18–77)
	46.3
	123
	79.7 (98/123)
	60.1 (75/123)
	15.5 (19/123)
	NR

	Reuter et al 2008
	Athletes¶ 
(ironman participants)
	35 (29–62)
	28.6
	7
	71.4 (5/7)
	NR
	NR
	NR

	Reuter et al 2008
	Athletes¶ 
(ironman participants)
	39 (27–59)
	28.6
	16
	62.5 (10/16)
	NR
	NR
	NR

	Celliers et al 2017
	Athletes§ 
(elite swimmers)
	18.9 (16–25)
	45
	29
	34.5 (10/29)
	34.5 (10/29)
	NR
	NR

	Celliers et al 2017
	Athletes§ 
(elite swimmers)
	18.9 (16–25)
	45
	11
	36.4 (4/11)
	45.5 (5/11)
	NR
	NR


* = Osteophytes, joint effusion, bone oedema, bony ridging, elevated bone marrow signal, joint narrowing, joint degeneration, joint hypertrophy, articular surface irregularity, articular cartilage thinning, fissuring or degeneration, cortical irregularities, margin irregularity, bone sclerosis, erosions, osteoarthritis, synovial scarring, cystic change
† = Bursal effusion, bursal thickening, bursal hypertrophy 
‡ = SA space narrowing, SA spurs, SA enthesophytes, acromion osteophytes, acromiohumeral distance (abnormal/narrow), Type III acromion (hooked), SA impingement, AC joint osteophytes impinging the supraspinatus tendon
§ = Not specified whether a) asymptomatic and symptomatic shoulders within the same individuals or b) asymptomatic and symptomatic shoulders from different individuals within the same study population were compared 
¶ = Asymptomatic and symptomatic shoulders from different individuals within the same study population
[bookmark: _Toc121844464][bookmark: _Toc174807223]# = Asymptomatic and symptomatic shoulders within the same individuals
Supplementary Figure 1 – Scatter plots of athletes vs. non-athletes

Scatter plots showing the prevalence according to age in athletes and non-athlete populations. Although there was a large variation in prevalence rates, the overall trend showed that athlete populations were either younger and/or had higher prevalence rates than non-athlete populations of the same age.
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