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WHAT IS A CLINICAL PRACTICE GUIDELINE?

Clinical Practice Guideline
A clinical practice guideline is 
a series of recommendations 
created to inform clinicians of 
best practices, based on best 
available evidence.
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Presenter
Presentation Notes
The definition of a clinical practice guideline is a series of recommendations created to inform clinicians of best practices, based on best available evidence.  The next few slides will take you through the AAOS Clinical Practice Guideline development process.



GOALS AND RATIONALE
OF A CLINICAL PRACTICE GUIDELINE 

 Improve treatment based on current best 
evidence 

 Guides qualified physicians through treatment 
decisions to improve quality and efficiency of 
care

 Identify areas for future research 

CPG recommendations are not meant to be fixed 
protocols; patients’ needs, local resources, and 
clinician independent medical judgement must be 
considered for any specific procedure or treatment
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Presentation Notes
Goals and Rationale The purpose of a clinical practice guideline is to improve treatment based on current best evidence. A clinical practice guideline consists of a systematic review of all available literature on the topic, and demonstrates where there is good evidence, where evidence is lacking, and what topics require future research. AAOS staff and the physician work group systematically review available literature and subsequently write recommendations based on a rigorous, standardized process. Musculoskeletal care is provided in many different settings by many different providers. A guideline was created as an educational tool to guide qualified physicians and orthopaedic surgeons through a series of treatment decisions in an effort to improve the quality and efficiency of care, and should not be construed as including all proper methods of care or excluding methods of care reasonably directed to obtaining the same results. The ultimate judgment regarding any specific procedure or treatment must be made in light of all circumstances presented by the patient and the needs and resources particular to the locality or institution.



WHAT IS EVIDENCE-BASED MEDICINE?
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Evidence-Based Medicine is a 
Combination of:

 Individual Clinical Experience

 Best External Evidence

 Patient Values and Expectations

Individual 
Clinical 

Experience

Best 
External 
Evidence

Patient 
Values and 

Expectations

EBM

Presenter
Presentation Notes
What is Evidence-Based MedicineWhat is evidence-based medicine?  Clinical practice was historically viewed as the “art of medicine.” The use of the scientific method, as used in bench research, statistical analysis, and epidemiology, was rare in the world of medicine. Expert opinion, experience, and authoritarian judgment were the foundation for decision making.Habits, protocols, and traditions directed care.However,  Clinical decisions should be based on the best patient and population-based evidence.Evidence based medicine applies the scientific method into healthcare decision-making. It is an approach to medical practice intended to optimize decision-making by emphasizing the use of evidence from well designed and conducted researchIt classifies evidence by its strength, with the strongest types yielding the strongest recommendations.



WHAT IS EVIDENCE-BASED MEDICINE?

Haynes, Sackett et al, 1996 Transferring evidence from research 
into practice Sacket et al, 1996, BMJ EBM: what it is and isn’t

Evidence-Based Medicine
Evidence-based medicine is 
the conscientious, explicit, 
and judicious use of current 
best evidence from clinical 
care research in the 
management of individual 
patients
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Presentation Notes
What is Evidence-based Medicine:The definition of evidence-based medicine is the conscientious, explicit, and judicious use of current best evidence from clinical care research in the management of individual patients.Evidence-Based Medicine combines:Individual Clinical ExperienceBest External Evidence, andPatient Values and ExpectationsAll AAOS Clinical practice guidelines (CPG) provide evidence-based recommendations for current orthopaedic diagnostic, treatment, and postoperative procedures. Multidisciplinary clinician work groups and AAOS staff work together to synthesize published research with the aim of providing a transparent and robust summary of the research findings for a particular orthopaedic disease topic. 



IOM STANDARDS FOR 
DEVELOPING 
TRUSTWORTHY 
GUIDELINES
 Establish Transparency
 Management of Conflict of 

Interest
 Guideline Development Group 

Composition
 Clinical Practice Guideline-

Systematic Review Intersection
 Establish Evidence of Foundations 

for and Rating Strength of 
Recommendations

 Articulation of Recommendations 
 External Review
 Updating
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IOM StandardsWhen treating patients, doctors and healthcare providers often are faced with difficult decisions. They are dependent on the scientific literature, in addition to their knowledge, experience, and patient preferences, to educate their decisions on how to treat. Clinical practice guidelines are statements that include recommendations intended to optimize patient care. Because of the expansive number of clinical practice guidelines available, users found it difficult to determine which guidelines were of high quality. Users needed a method to distinguish high caliber, trustworthy clinical practice guidelines to aide with their health-related decision making. In 2008, U.S. Congress asked the Institute of Medicine (IOM) to undertake a study on the best methods used to develop clinical practice guidelines. Their efforts resulted in the development of eight standards for developing rigorous, trustworthy clinical practice guidelines. The AAOS uses these standards when developing their Clinical Practice Guidelines.
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CLINICAL PRACTICE GUIDELINE
PROCESS FLOWCHART  

1. Select CPG Topic

2. Assemble Work 
Group Members (WG)

3. WG formulates 
PICO questions, set 
inclusion criteria at 

Introductory Meeting

4. Literature Review 
and Appraisal

AAOS staff 
methodologists, in 

conjunction with work 
group (WG) members, 
review and appraise 

literature

6. Review Periods
Peer Review and Public 

Comment review periods

5. Final Meeting
WG meets in-person to: 

• Review quality 
appraisals and evidence 
tables

• Assign grade/rating for 
each recommendation 
based on evidence

• Develop final 
recommendations 

• Construct risk/harms 
statements 

• Define future research 
needs

7. Approval Process

8. Communication, 
Dissemination, and 

Implementation 

Presenter
Presentation Notes
First Steps to Constructing a CPG Clinical Practice Guidelines (CPG) and Systematic Reviews (SR) are prepared by physician CPG or SR Development Groups (clinical experts) with the assistance of the AAOS Department of Clinical Quality and Value. The difference between a CPG and a SR is the size of the project. CPGs can ask anywhere from 10-30 PICO questions, resulting in 10-30 separate literature reviews, whereas a SR asks 4-7 questions. The smaller scope of the SR lends itself to a quicker turnaround and involves less staff resources and clinician volunteer time commitments. The initial step in creating Clinical Practice Guidelines is the nomination of CPG or SR Topics.  These topics are then voted upon, via an electronic survey, by the AAOS Evidence-Based Quality and Value Committee (EBQV) members, thus choosing which of the topics will ultimately move forward as a new guideline or systematic review. When reviewing and appraising the literature, the workgroup may decide that the quality and quantity of the evidenced included lends itself more to a SR rather than a CPG, and decide to proceed with a SR instead. However, the workgroup does not have the option to choose to construct a systematic review for some recommendations and a clinical practice guidelines for other recommendations.
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FORMULATING PICOs

“P” = Patient Population “I” = Intervention or 
variable of Interest 

“C” = Comparison “O” = Outcome

Presenter
Presentation Notes
Formulating PICO Questions The clinician work group commences their work on the Clinical Practice Guideline by constructing a set of PICO questions. These questions specify the patient population of interest (P), describing the most important characteristic of the patient such as age, disease or condition, and gender.  Next is the intervention of interest (I), describe the main intervention, such as drug or other treatment, or diagnostic or screening test.  The comparison (C), what is the main alternative being considered, such as placebo, standard therapy, no treatment, or the “gold” standard.  And lastly, what is the outcome (O), what are you trying to accomplish, measure, improve or affect, such as reduce mortality, morbidity, improve memory. They function as questions for the systematic review, but not as final recommendations or conclusions.   These parameters provide clarity in defining inclusion criteria for the literature review and evaluating the evidence.  Once established, these a priori PICO questions cannot be modified until the final guideline work group meeting.



Work group members define additional 
exclusion criteria based on PICO question

INCLUSION/EXCLUSION 
CRITERIA

Standard inclusion criteria 
include:
 Must study humans
 Must be published in English
 Must be published in or after 

1966
 Can not be performed on 

cadavers
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Presentation Notes
Study Selection Criteria:A priori article inclusion criteria is constructed for all CPGs and SRs. These criteria are our “rules of evidence” and articles that did not meet them are, for the purposes of this guideline, not evidence. The AAOS has standard inclusion criteria for guideline development and work group members further refine inclusion/exclusion criteria a priori at the introductory meeting. To be included in a systematic review, all articles must be on the following: Article must be a full article report of a clinical study Studies must appear in peer-reviewed publication.  For studies that used “paper-and-pencil” outcome measures, only those that have been validated are included. For any given follow-up time point in any included study, there must be patient ≥ 50% patient follow-up.  If the follow-up is >50% but <80%, the quality will be downgraded by one level.Must have >10 patients per group Must study humansMust be published in EnglishMust be published in or after 1966All results must be quantitatively presented Can not be an in vitro study Can not be biomechanical studyCan not be performed on cadaversSurrogate outcomes are evaluated only when no patient oriented outcomes are available. The following type of articles are excluded from guideline review: Retrospective non-comparative case series, medical record reviews, meeting abstracts, meta-analyses, systematic reviews, historical articles, editorials, letters, and commentariesConfounded studies that give patients the treatment of interest and along with another treatmentCase studies that have non-consecutive enrollment of patients Controlled trials where patients were not stochastically assigned to groups, difference in patient characteristics or outcomes at baseline, and authors did not statistically adjust for these differences when analyzing the resultsAll studies evaluated as “very low quality”, andComposite measures or outcomes even if they are patient-orientated Study Inclusion Criteria for the AAOS Management of Rotator Cuff Injuries Clinical Practice Guideline also contained the following criteria which was customized by the Work Group:Study must be of a Rotator Cuff injury or prevention there ofStudy must be published in or after <1990> for surgical treatment, rehabilitation, bracing, prevention and MRI Study must be published in or after <1990> for x rays and non-operative treatment  Study must be published in or after <1990> for all others non specified  Study should have 10 or more patients per group (Work group may further define sample size) For surgical outcome a minimum of 12 months follow up duration. For pain management no minimum follow up duration. For non-operative injections a minimum of 4 weeks follow up durationAntibiotic prophylaxis, anticoagulation, mode of anesthesia; all follow-upsFor non-operative treatment a minimum of 4 weeks follow-up
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LITERATURE SEARCHES  
 Databases used:

 PubMed
 EMBASE (Excerpta Medica dataBASE) 
 CINAHL (Cumulative Index of Nursing and Allies Health 

Literature) 
 Cochrane Central Register of Controlled Trials 

 Search using key terms from work group’s PICO 
questions and inclusion criteria

 Secondary manual search of the bibliographies of all 
retrieved publications for relevant citations

 Recalled articles evaluated for inclusion based on the 
study selection criteria

Presenter
Presentation Notes
Literature SearchesThe systematic review commences with a comprehensive search of the literature by the medical librarian. Articles considered are published in four electronic databases; PubMed, EMBASE (Excerpta Medica dataBASE), CINAHL (Cumulative Index of Nursing and Allies Health Literature), and The Cochrane Central Register of Controlled Trials. The search is conducted by using only the key terms which were previously established from the work group’s a priori inclusion criteria and PICO questions. The search is then supplemented with a manual search of the bibliographies of all retrieved publications, recent systematic reviews, and other review articles for potentially relevant citations. Recalled articles were evaluated for possible inclusion based on the study selection criteria and were summarized for the work group who assisted with reconciling possible errors and omissions. 
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BEST EVIDENCE SYNTHESIS 
 Include only highest quality evidence 

for any given outcome if available 

 If there are fewer than two 
occurrences of an outcome of this 
quality, the next lowest quality is 
considered until at least two 
occurrences have been acquired. 

Presenter
Presentation Notes
Best Evidence Synthesis When addressing a recommendation, only the best available evidence for any given outcome is included.  If available, the highest quality evidence for any given outcome is included first. In the absence of two or more occurrences of an outcome of this quality, the next lowest quality of an outcome is considered until at least two or more occurrences of an outcome have been acquired. For example, if there were two ‘moderate’ quality occurrences of an outcome that addressed a recommendation, the ‘low’ quality occurrences of this outcome would not be included.  A summary of the evidence that met the inclusion criteria, but was not considered the best available evidence can be viewed by recommendation in eAppendix 1 of the guideline’s full text pdf. 
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STRENGTH OF RECOMMENDATIONS 

STRENGTH OVERALL STRENGTH OF EVIDENCE STRENGTH VISUAL

STRONG Two or more HIGH Strength Studies
with consistent findings

MODERATE 1 HIGH OR 2 MODERATE strength studies with 
consistent findings

LIMITED

One or more LOW strength studies and/or only 1 
MODERATE strength study

with consistent findings or evidence from a single, 
or the evidence is insufficient, or conflicting

CONSENSUS

Expert opinion (no studies)
No supporting evidence in the absence of reliable 

evidence. Work group is making a 
recommendation based on their clinical opinion

Presenter
Presentation Notes
Defining the Strength of the Recommendations Judging the quality of evidence is only a stepping stone towards arriving at the strength of a CPG or SR recommendation. The strength of recommendation also takes into account the quality, quantity, and the trade-off between the benefits and harms of a treatment, the magnitude of a treatment’s effect, and whether data exists on critical outcomes. Strength of recommendation communicates the level of confidence one can have in a recommendation. Thusly, the strength expresses how conceivable it is that a recommendation will be overturned by future evidence. It is extremely difficult for future evidence to overturn a recommendation that is based on many high caliber randomized controlled trails that demonstrate a large effect. It is more probable that future evidence will overturn recommendations derived from a few small retrospective comparative studies. Consequently, recommendations based on the former kind of evidence are given a “strong” strength of recommendation and recommendations based on the latter kind of evidence are assigned a “limited” strength.When making guidelines, each article that meets the inclusion criteria is appraised for quality and applicability and will be downgraded if there are flaws related to bias, lack of controls, insufficient power, or one of the other domains.  Studies are designated as high, moderate or low strength based on the result of the Appraise methodology.  Guideline recommendations are then rated as Strong, Moderate, Limited or Consensus based on the supporting evidence as outlined in this table. Please note that the work group is only permitted to make a consensus-based recommendation when there is no evidence to support the recommendation and when not establishing a recommendation could have catastrophic consequences. 



© 2019 American Academy of Orthopaedic Surgeons 

TRANSLATING RECOMMENDATIONS IN A CPG
STRENGTH OF 

RECOMMENDATION PATIENT COUNSELING TIME DECISION AIDS IMPACT OF FUTURE 
RESEARCH

Strong Least
Least important, unless the 

evidence supports no 
difference between two 
alternative interventions

Not likely to change

Moderate Less Less important Less likely to change

Limited More More Possible / Anticipates

Consensus Most Most Important Impact unknown

Presenter
Presentation Notes
Translating Recommendations in a Clinical Practice Guideline:As demonstrated in the table, with stronger recommendations, physicians will need to spend less time counseling patients, as they do not need to weigh the pros and cons of proposed treatments.  Evidence is strongly favoring one treatment over another.  The effect of future research is not likely to change the proposed treatment option.  As the recommendation strength declines, the more probable the physician will need to provide additional time discussing treatment alternatives, in addition to providing decision aids to help patients see the pros and cons of treatments, so they can use their own preferences/values to determine the best course of treatment.  Future research is more likely to impact the use of these recommendations.



ASSESSING QUALITY OF EVIDENCE

• All included studies undergo a quality 
assessment. 

• Each study’s design is evaluated for risk 
of bias and receives a final quality 
grade, depending on the number of 
study design flaws. 

• Study quality tables are made available 
to the work group in the final data 
report and the final publication of the 
guideline/SR
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Presentation Notes
In accessing the quality of evidence, it is necessary that all included studies undergo a quality assessment, each study’s design is then evaluated for risk of bias and receives a final quality grade, depending on the number of study design flaws, and study quality tables are made available to the work group in the final data report and the final publication of the guideline or systematic review.
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RESULTS OF QUALITY ASSESSMENT:
STUDY ATTRITION FLOWCHART 

8904 articles 
excluded from title 
and abstract review

9496 abstracts 
reviewed. Primary 

search performed on 
June 26th 2017

2115 articles recalled 
for full text review

1902 articles 
excluded after full 
text review for not 

meeting the a priori 
inclusion criteria or 
not best evidence 

available
213 articles included 
after full text review 
and quality analysis 

1555 abstracts 
reviewed. Secondary 
search performed on 

June 6th  2018

Presenter
Presentation Notes
Study Attrition FlowchartThe study attrition diagram provides a detailed description of the number of identified abstracts and recalled and selected studies that were evaluated in the systematic review of the Management of Rotator Cuff Injuries Clinical Practice Guideline. Of the initial 9496 abstracts, only 213 were included after the full-text review and quality analysis.  The literature search strategies used to identify the abstracts are included in the eAppendix 1 section of the guideline’s full text pdf, and is available for review in AAOS’ OrthoGuidelines. 



VOTING ON THE RECOMMENDATIONS 

• Recommendations and 
recommendation strengths voted on by 
work group during final meeting 

• Approved and adopted by simple 
majority (60%) when voting on every 
recommendation 

• If disagreement, further discussion to 
whether the disagreement could be 
resolved 
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Presentation Notes
Voting on the Recommendations The recommendations and their strength were voted on by the work group members during the final meeting. If disagreement between the work group occurred, further discussion, and up to three rounds of voting were conducted by the work group to resolve the disagreement(s). If disagreements were not resolved following the voting rounds, no recommendation was adopted. 
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GUIDELINE LANGUAGE STEMS  

GUIDELINE LANGUAGE STEMS STRENGTH OF RECOMMENDATION

Strong evidence supports that the practitioner 
should/should not do X, because… STRONG

Moderate evidence supports that the practitioner 
could/could not do X, because… MODERATE

Limited evidence supports that the practitioner 
might/might not do X, because… LIMITED

In the absence of reliable evidence, it is in the opinion 
of this guideline work group that… CONSENSUS

Presenter
Presentation Notes
Wording of the Final Recommendations To prevent bias in the way recommendations are worded, the AAOS utilizes specific predetermined language stems that are governed by the evidence strengths. Each recommendation is composed using language that accounts for the final strength of the recommendation. For example, wording for a Strong Recommendation would begin “Strong evidence supports that the practitioner should/should not do X, because…”, while a recommendation labeled as Consensus would begin as “In the absence of reliable evidence, it is in the opinion of this guideline work group that…”



PEER REVIEW     

• Guideline draft sent for peer review to 
external experts

• Comments and draft of responses 
reviewed by work group members

• Recommendation changes required a 
majority vote by work group

• A detailed report of all resulting 
revisions is published with the guideline 
document 
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Presenter
Presentation Notes
Peer ReviewFollowing the final meeting, the guideline draft then undergoes a peer review, seeking additional input from external experts. All peer reviewers were required to disclose any conflicts of interest. To guide which groups participated, the work group identified all specialty societies at the introductory meeting. Organizations, not individuals, were specified. The peer review stage provided external stakeholders an opportunity to provide evidence-based direction for modifications that they believed were overlooked. Since the draft was subject to revisions until its approval by the AAOS Board of Directors, confidentiality of all working drafts was essential. To commence this review, approximately six weeks prior the final meeting, specialty societies were solicited to nominate individual peer reviewers. The peer review period was announced and other interested parties were able to volunteer to also review the draft.  Initial responses to comments that addressed methodology were then drafted by the manager of Department Clinical Quality and Value (CQV) unit. These responses were then reviewed by the work group chair and vice-chair, who responded to all questions concerning clinical practice and techniques, with the CQV director also providing input.  All comments were received and initial drafts of the responses were then reviewed by all work group members. All changes to a recommendation as a result of peer review were based on the evidence and underwent a majority vote by the work group members via teleconference. Final revisions were summarized in a detailed report and were made part of the guideline document.  Following final guideline approval, all individual responses were posted on the AAOS website with a point-by-point response to each non-editorial comment. 
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PUBLIC COMMENT      

 Following peer review modifications, CPG undergoes public commentary period 

 Comments are solicited from: 
 AAOS Board of Directors
 AAOS Council on Research and Quality
 AAOS Committee on Evidence-Based Quality and Value
 AAOS Board of Councilors
 AAOS Board of Specialty Societies

 200 commentators have the opportunity to provide input 

Presenter
Presentation Notes
Public CommentaryAfter modifying the draft in response to peer review, the Clinical Practice Guideline was subjected to a two-week period of “Public Commentary.” Comments were solicited from members of the AAOS Board of Directors, the AAOS Council on Research and Quality, AAOS Committee on Evidence-Based Quality and Value, the AAOS Board of Councilors, and  the AAOS Board of Specialty Societies.  Based on these bodies, over 200 commentators had the opportunity to provide input on this new Clinical Practice Guideline. 



The work group is charged 
with:
 Review of data summaries
 Final recommendation 

language
 Rationale and risk/harm 

construction
 Future research 

FINAL MEETING
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Presentation Notes
Prior to the Meeting:AAOS staff conducts several webinars with the work group to reiterate their charges and ensure that all relevant literature has been included.Using the PEER tool, work group members are responsible for reviewing the included and excluded literature for their assigned PICO questions. Work group members draft recommendation and rationale for their assigned recommendations to catalyze the final meeting discussion. During the Final Meeting: Each member presents the data findings and their draft recommendations and rationales for their assigned recommendations. The work group discusses data findings and composes the final recommendations and rationales, as needed. The strength of evidence will determine the AAOS predefined language stem that is used for the recommendation. All edits to recommendations, rationales, benefits and harms sections, and future research sections should be completed by the end of the meeting. 



MANAGEMENT OF ROTATOR CUFF INJURIES
CLINICAL PRACTICE GUIDELINE OVERVIEW 

 Based on a systematic review of 
published studies 

 Addresses the management of rotator 
cuff tears in adults.

 Highlights limitations in literature and 
areas requiring future research 

 Trained physicians and surgeons are 
intended users
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Presenter
Presentation Notes
Overview Burden of Disease:  Shoulder disease is a major cause of musculoskeletal disability in the United States. Chronic shoulder pain has been estimated to affect approximately 8% of all American adults, second only to chronic knee pain in our society’s burden of musculoskeletal disease. Rotator cuff pathology is the leading cause of shoulder-related disability seen by orthopaedic surgeons, and surgical volume is on the rise (Narvy 2016). One study, for example, notes a 141% increase in rotator cuff repairs from 1996 to 2006 in the United States (Colvin, 2012). Societal costs of a medical condition include direct and indirect costs. Direct costs are those associated with diagnosis and treatment, while indirect costs include lost income due to inability to work or lower wages, missed workdays, and disability payments (Mather, 2000). Approximately 250,000 rotator cuff repairs ($13,771 per patient) are performed annually in the U.S. This calculates to a cost of $3,442,750,000 per annum. Etiology:   Rotator cuff tears have two main causes: injury and degeneration. Acute tears are usually due to injury. This type of tear can occur in isolation or with other shoulder injuries, such as a broken collarbone or dislocated shoulder. Degenerative tears are more common and are the result of a wearing down of the tendon that occurs slowly over time. This degeneration naturally occurs as we age. Rotator cuff tears are more common in the dominant arm (OrthoInfo, 2007). Incidence and Prevalence:   Approximately 4.5 million patient visits related to shoulder pain occur each year in the United States. More than two-thirds of patients treated with rotator cuff repair are of working age. The prevalence of rotator cuff tears increases with age, with 54% of asymptomatic patients aged 60 years and greater having sustained either a partial or complete RCT on magnetic resonance imaging. Ultrasound (US) studies by Tempelhof et al. reveal that 13% of individuals in their fifth decade, 20% in their sixth decade, and 31% in their seventh decade of life have RCTs. From their study on 306 cadavers, Lohr and Uhthoff noted a 19% and 32% prevalence of full and partial thickness tears, respectively (Sher, 1995; Tempelhof, 1999; Lohr, 2007). Not all of these tears are symptomatic. Risk Factors:   Because most rotator cuff tears are largely caused by the normal wear and tear that goes along with aging, people over 40 are at greater risk. People who do repetitive lifting or overhead activities are also at risk for rotator cuff tears. Athletes are especially vulnerable to overuse tears, particularly in the setting of repetitive microtrauma as observed in tennis players and baseball pitchers. Painters, carpenters, and others who do overhead work also have a greater chance for tears. Although overuse tears caused by sports activity or overhead work also occur in younger people, most tears in young adults are caused by a traumatic injury, like a fall or shoulder dislocation (OrthoInfo, 2007). 
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MANAGEMENT OF SMALL TO MEDIUM TEARS 
 Strong evidence supports that both physical therapy and operative treatment 

result in significant improvement in patient-reported outcomes for patients 
with symptomatic small to medium full-thickness rotator cuff tears.

Strength of Recommendation: Strong  

Presenter
Presentation Notes
Rationale Two prospective randomized controlled trials comparing physical therapy to operative repair for treatment of small to medium rotator cuff tears showed substantial improvement in patient reported outcomes (PROs)and strength over time; however, there were no clinically meaningful difference in PROs between the groups. (Moosmayer, 2014, Kukkonen 2015) At 5-year follow up, Moosmayer, et.al., reported that the results of primary repair were superior to physical therapy, with the mean group differences of 5.3 for the Constant score (p=0.05) and 9.0 for the ASES score (p<0.001); however, the differences in PROs were below the accepted minimal clinically important difference. (Moosmayer 2014) Both physical therapy and operative repair groups demonstrated clinically meaningful improvement from baseline in the Constant score, ASES score, SF-36 score, and strength. (Moosmayer 2014) At 2-years, Kukkonen, et.al., reported no significant (p=0.38) differences in the mean change of the Constant score between physical therapy and repair, both treatments resulted in substantial clinical improvement from pre-to-post treatment. (Kukkonen 2015) Risks and Harms of Implementing this Recommendation There are no harms in associated in implementing this recommendation. There were no reported statistical differences between primary or secondary repair, when physical therapy fails (p=0.23). (Moosmayer S 2014) Future Research Continued comparative studies between physical therapy and surgical repair investigating larger tear sizes and modern approaches and fixation methods. The studies need to continue beyond 5-years to fully understand the true efficacy of each treatment.Kukkonen, J., Joukainen, A., Lehtinen, J., Mattila, K. T., Tuominen, E. K. J., Kauko, T., Ã?Ã¤rimaa, V. Treatment of nontraumatic rotator cuff tears: A randomized controlled trial with two years of clinical and imaging follow-up. Journal of Bone and Joint Surgery - American Volume 2015; 21: 1729-1737Moosmayer, S, Lund, G, Seljom, Us, Haldorsen, B, Svege, Ic, Hennig, T, Pripp, Ah, Smith, Hj Tendon repair compared with physiotherapy in the treatment of rotator cuff tears: a randomized controlled study in 103 cases with a five-year follow-up. The Journal of bone and joint surgery. American volume 2014; 18: 1504-14
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LONG TERM NON-OPERATIVE MANAGEMENT
 Strong evidence supports that patient reported outcomes (PRO) improve with 

physical therapy in symptomatic patients with full thickness rotator cuff tears. 
However, the rotator cuff tear size, muscle atrophy, and fatty infiltration may 
progress over 5 to 10 years with non operative management.

Strength of Recommendation: Strong  

Presenter
Presentation Notes
Rationale�Two prospective randomized controlled trials comparing physical therapy to operative repair for treatment of small to medium rotator cuff tears have showed that physical therapy can result in clinical improvements, but the rotator cuff tears continue to enlarge with time. (Moosmayer 2014, Kukkonen 2015) In 37% of the rotator cuff tears treated with physical therapy in whom the tear size increased > 5 mm over five years; tear progression did not occur (0/60) in the repaired group (Moosmayer 2014) At 2-years, Kukkonen, et.al., reported that the tears treated with physical therapy instructed home exercise program enlarged from an average of 9.6 mm to 11.7 mm, while the repaired tendons tear size decreased from 8.4 mm to 4.2 mm (p<0.01). (Kukkonen 2015) After an average of 8.8 years, patients who were treated non-operatively showed substantial muscle atrophy in 49% (18/37) and fatty infiltration in 41% (15/37). (Moosmayer 2017)��Risks and Harms of Implementing this Recommendation�Patients treated non-operatively are at risk for reduced strength with rotator cuff tear progression. Moosmayer, et.al., compared patients treated with physical therapy that had an increase the tear size ≤ 5mm to those that progressed to > 5mm and reported the > 5mm group showed a loss of strength (between-group difference of 4.2 kg, p=0.02). (Moosmayer 2014) In a prospective cohort study, the Constant score was 81points for patients with tear size increases < 20 mm compared to 58.5 points in those ≥ 20 mm (p=0.008). (Moosmayer 2017) Patients who select physical therapy should be informed that over a 9 year period their tear size may progress and this could lead to a substantial decline in their perceived and measurable outcome.��Future Research�Continued long term comparative studies between physical therapy and surgical repair investigating larger tear sizes with pre-and postoperative advanced imaging studies. It is still unclear what factors influence tear progression and if tear progression advances enough to preclude future repair and subsequent resolution of symptoms.Moosmayer, S, Lund, G, Seljom, Us, Haldorsen, B, Svege, Ic, Hennig, T, Pripp, Ah, Smith, Hj Tendon repair compared with physiotherapy in the treatment of rotator cuff tears: a randomized controlled study in 103 cases with a five-year follow-up. The Journal of bone and joint surgery. American volume 2014; 18: 1504-14Kukkonen, J., Joukainen, A., Lehtinen, J., Mattila, K. T., Tuominen, E. K. J., Kauko, T., Ã?Ã¤rimaa, V. Treatment of nontraumatic rotator cuff tears: A randomized controlled trial with two years of clinical and imaging follow-up. Journal of Bone and Joint Surgery - American Volume 2015; 21: 1729-1737Moosmayer, S., Gartner, A. V., Tariq, R. The natural course of nonoperatively treated rotator cuff tears: an 8.8-year follow-up of tear anatomy and clinical outcome in 49 patients. Journal of Shoulder & Elbow Surgery 2017; 4: 627-634
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OPERATIVE MANAGEMENT

 Moderate evidence supports that healed rotator cuff repairs show improved 
patient-reported and functional outcomes compared to physical therapy and 
unhealed rotator cuff repairs.

Strength of Recommendation: Moderate  

Presenter
Presentation Notes
Rationale�In a 1-year prospective randomized controlled trial (RCT) comparing physical therapy to surgical repair for treatment of small to massive rotator cuff tears, Lambers Heerspink, et.al., reported a superior Constant score for intact repairs (88.5) compared to physical therapy (75.6, p<0.05) and re-tears (73.2). (Lambers Heerspink 2015) A 5-year prospective RCT of small to medium sized rotator cuff tears comparing physical therapy with an option of surgical treatment (what the authors termed secondary surgery) to primary surgical repair reported that 24% (12/51) patients failed to substantially improve their Constant score (mean increase of 1.8 points) with physical therapy and opted for surgical repair within the first two years. (Moosmayer 2014). The post hoc as-treated analysis comparing primary tendon repair, physical therapy only, and secondary surgery after failed physical therapy showed a significantly larger Constant score in favor of primary repair over physical therapy (between-group difference of 9.7 points, p=0.006), but no significant difference between primary and secondary tendon repair (p=0.23). (Moosmayer 2014) At 5 years, re-tears were diagnosed by ultrasound in 25% (15/60) of the patients; 7 partial and 8 full thickness tears. The partial thickness tears showed significant inferior results compared to intact repairs (mean Constant score difference of 23.1 points, p=0.001); full thickness tears demonstrated no difference in Constant score compared to intact repairs (p=0.92). (Moosmayer 2014) However, in a level II cross-sectional study, healed rotator cuff repairs compared to full thickness re-tears showed significant improvement in the ASES and SST scores; intact ASES 91, SST 10.2 verses full-thickness defect ASES 69, SST 6.5 (p<0.01). (Kim 2014)��Risks and Harms of Implementing this Recommendation�There are no harms in associated in implementing this recommendation. There were no reported statistical differences between primary or secondary repair, when physical therapy fails (p=0.23). (Moosmayer 2014)��Future Research�Continued long term comparative studies between physical therapy and surgical repair investigating larger tear sizes with pre-and postoperative advanced imaging studies. The long-term consequences of a persistent rotator cuff tear or a re-tear is currently not known.Lambers, Heerspink Fo; Raay, Jj; Koorevaar, Rc; Eerden, Pj; Westerbeek, Re; t, Riet E; Akker-Scheek, I; Diercks, Rl Comparing surgical repair with conservative treatment for degenerative rotator cuff tears: a randomized controlled trial. Journal of Shoulder and Elbow Surgery 2015; 8: 1274-81Moosmayer, S, Lund, G, Seljom, Us, Haldorsen, B, Svege, Ic, Hennig, T, Pripp, Ah, Smith, Hj Tendon repair compared with physiotherapy in the treatment of rotator cuff tears: a randomized controlled study in 103 cases with a five-year follow-up. The Journal of bone and joint surgery. American volume 2014; 18: 1504-14Kim, H. M., Caldwell, J. M. E., Buza, J. A., Fink, L. A., Ahmad, C. S., Bigliani, L. U., Levine, W. N. Factors affecting satisfaction and shoulder function in patients with a recurrent rotator cuff tear. Journal of Bone and Joint Surgery - Series A 2014; 2: 106-112
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ACROMIOPLASTY & ROTATOR CUFF REPAIR

 Moderate strength evidence does not support the routine use of acromioplasty 
as a concomitant treatment as compared to arthroscopic repair alone for 
patients with small to medium sized full-thickness rotator cuff tears.

Presenter
Presentation Notes
RationaleRationale�Five high quality studies (Abrams, G. 2014; Garstman, G. 2004; MacDonald, P. 2011; Milano, G. 2007; Shin S. 2012) evaluated the effect of acromioplasty on rotator cuff repair of small and medium sized tears. Overall, acromioplasty did not have an effect on outcomes with the exception of one study which found a higher reoperation rate in patients without acromioplasty. Gartsman, et al. performed a randomized study on patients with supraspinatus tears and Type 2 acromions, with no difference in outcome.  Milano, et al. randomized 80 patients and similarly found no difference in outcomes after 2 years.  Abrams, et al. evaluated 52 patients, and also found no difference between groups.  Shin, et al. similarly found no differences in randomized groups with varying acromial morphology included in both groups.��MacDonald, et al. evaluated 86 randomized patients with and without acomioplasty and also found no difference in patients reported outcomes, however, there was a higher reoperation rate in the group without acromioplasty.  Four of the patients subsequently had second surgery for acromioplasty.  One had a type 2 acromion and the others had type 3 acromions.��Risks and Harms of Implementing this Recommendation�There are no harms in associated in implementing this recommendation. There were no reported statistical differences between primary or secondary repair, when physical therapy fails (p=0.23). (Moosmayer S 2014)��Future Research�Continued long term comparative studies between physical therapy and surgical repair investigating larger tear sizes with pre-and postoperative advanced imaging studies. The long-term consequences of a persistent rotator cuff tear or a re-tear is currently not known.(18) Gartsman GM, Roddey TS, Hammerman SM. Shoulder arthroplasty with or without resurfacing of the glenoid in patients who have osteoarthritis. J Bone Joint Surg Am 2000;82(1):26-34.(81) Milano G, Grasso A, Salvatore M, Zarelli D, Deriu L, Fabbriciani C. Arthroscopic rotator cuff repair with and without subacromial decompression: a prospective randomized study. Arthroscopy 2007;23(1):81-88.Abrams, G. D., Gupta, A. K., Hussey, K. E., Tetteh, E. S., Karas, V., Bach, B. R., Jr., Cole, B. J., Romeo, A. A., Verma, N. N. Arthroscopic Repair of Full-Thickness Rotator Cuff Tears With and Without Acromioplasty: Randomized Prospective Trial With 2-Year Follow-up. American Journal of Sports Medicine 2014; 6: 1296-303MacDonald, P., McRae, S., Leiter, J., Mascarenhas, R., Lapner, P. Arthroscopic rotator cuff repair with and without acromioplasty in the treatment of full-thickness rotator cuff tears: a multicenter, randomized controlled trial. Journal of Bone & Joint Surgery - American Volume 2011; 21: 1953-60Moosmayer, S, Lund, G, Seljom, Us, Haldorsen, B, Svege, Ic, Hennig, T, Pripp, Ah, Smith, Hj Tendon repair compared with physiotherapy in the treatment of rotator cuff tears: a randomized controlled study in 103 cases with a five-year follow-up. The Journal of bone and joint surgery. American volume 2014; 18: 1504-14Shin, S-J, Oh, Jh, Chung, Sw, Song, Mh The efficacy of acromioplasty in the arthroscopic repair of small- to medium-sized rotator cuff tears without acromial spur: Prospective comparative study. Arthroscopy - Journal of Arthroscopic and Related Surgery 2012; 5: 628-35
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DISTAL CLAVICLE RESECTION

 Moderate strength evidence supports the use of distal clavicle resection as a 
concomitant treatment to arthroscopic repair for patients with full-thickness 
rotator cuff tears and symptomatic acromioclavicular joints.

Strength of Recommendation: Moderate  

Presenter
Presentation Notes
Rationale Two studies (Oh, J. 2014 and Park, Y. 2015) showed no difference in patients with and without distal clavicle resection. One study (Oh) included patients with symptomatic AC joint arthrosis, and while the outcomes were the same, a distal clavicle resection resulted in symptomatic instability in a small number. Another study (Kim, J. 2011) studied the use of DCR in asymptomatic AC joint arthrosis however, this study may not be generalizable to most patients as this included patients with asymptomatic AC joints with inferior spurs. Risks and Harms of Implementing this Recommendation There is no known harm to patients by implementing this recommendation, but there could potentially be a slightly higher reoperation rate on patients who did not undergo the concomitant procedures. Future Research Future research could be performed to elucidate risk factors for reoperation rates in certain groups who did not undergo concomitant procedures.Oh, J. H., Kim, J. Y., Choi, J. H., Park, S. M. Is arthroscopic distal clavicle resection necessary for patients with radiological acromioclavicular joint arthritis and rotator cuff tears? A prospective randomized comparative study. American Journal of Sports Medicine 2014; 11: 2567-73Park, J. S., Park, H. J., Kim, S. H., Oh, J. H. Prognostic Factors Affecting Rotator Cuff Healing After Arthroscopic Repair in Small to Medium-sized Tears. American Journal of Sports Medicine 2015; 10: 2386-92Kim, J., Chung, J., Ok, H. Asymptomatic acromioclavicular joint arthritis in arthroscopic rotator cuff tendon repair: a prospective randomized comparison study. Archives of Orthopaedic & Trauma Surgery 2011; 3: 363-9
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DIAGNOSIS (CLINICAL EXAMINATION)

 Strong evidence supports that clinical examination can be useful to diagnose or 
stratify patients with rotator cuff tears; however, combination of tests will 
increase diagnostic accuracy.

Strength of Recommendation: Strong  

Presenter
Presentation Notes
Rationale�Evidence from 8 high quality studies (Liu 2016, Lin 2015, Castoldi 2009, Park 2005, Litaker 2000, Villafane 2015, Holtby 2004, Gillooly 2010) indicate that the following tests are useful to diagnosis full-thickness rotator cuff tear:  bear hug test, belly press test, empty can test, external rotator lag sign, external rotation resistance test, full can test, Hawkins test, Hug up test, internal rotation lag sign (IRLS) test, internal rotation resistance test (IRRT) test, Internal rotation resistance test at maximal 90 degrees of abduction and maximal external rotation (IRRTM) test, Jobe Test, Lateral Jobe Test, Lift off test, NEER test, Patte Test, and Yocum test.  Generally, these tests are better to diagnose (rule in), than screening (rule out) full thickness rotator cuff tears.��Bear hug test summary�Combined full/partial thickness tears:�One high quality study evaluated the bear hug test to diagnose any rotator cuff tear (Lin 2015). The test results produce a small but sometimes important change in probability of rotator cuff tears (positive LR=3.49, negative LR=0.37).��Belly press test summary�Combined full/partial thickness tears:�One high quality study evaluated the belly press test to diagnose any rotator cuff tear (Lin 2015). The test results produce a small, but sometimes important change in the probability of a tear (positive LR=3.18, negative LR=0.45).��Empty can test summary�Combined full/partial thickness tears:�One high quality study evaluated the empty can test for diagnosing any rotator cuff tear (Liu 2016). The test results produce a small, but sometimes important change in the probability of a tear (positive LR=3.30, negative LR=0.21).��External rotator lag sign summary�Partial Thickness Tears:�One high quality study evaluated the external rotator lag sign test to diagnose partial thickness tears(Castoldi 2009). A positive test resulted in a moderate sized increase in probability of a partial thickness tear (positive likelihood ratio(LR)= 6.44). However, the test was poor for ruling out partial thickness tears, with a negative test producing a very small decrease in probability of a partial thickness tear(negative LR=0.89).��External Rotation Resistance Test (Resisted ER).�One high quality (Park 2005) and one low quality (Litaker 2000) evaluated External Rotation Resistance Test.��Full thickness tear:�Park found that resisted ER maybe useful for ruling in full thickness tears (positive LR=3.16), but was poor at ruling them out (negative LR=0.59).��Partial Thickness Tear:�Park found resisted ER to be poor at ruling in and ruling out partial tears (positive LR=0.63 negative LR=1.17).��Combined partial and full thickness:�Litaker found resisted ER to be a poor rule-in test(positive LR=1.78) in diagnosing combined full/partial thickness tears, but may be somewhat useful for ruling out tears Negative LR=0.42).��Full Can Test summary�Combined full/partial thickness tears:�One high quality study evaluated the full can test to diagnose any rotator cuff tear (Liu 2016). The test results produce a small, but sometimes important change in the probability of a tear (positive LR=4.10, negative LR=0.27).��Hawkins Test summary�Two high quality studies and one low quality study evaluated the Hawkins test (Liu 2016,Villafane 2015, Park 2005).��Combined full/partial thickness tears:�Liu used the test to diagnose any rotator cuff tear, and found a positive test produced a small, but sometimes important increase in probability of a tear with a positive test (positive LR=2.82). However, the same study found it was a poor test for ruling out a tear (negative LR=0.73).��Full Thickness Tears:�A moderate quality study by Park(2005) found the Hawkins test to be poor at ruling in and ruling out full thickness tears (Positive LR=1.33, negative LR=0.65).��Partial Thickness Tears:�The Villafane (2015) study used the test to diagnose partial tears.. A positive test produced a large and conclusive increase in probability of a partial tear (positive LR=10.25), and a negative test produced a moderate decrease in probability of a partial tear(negative LR=0.20). However, a moderate quality study by Park (2005) found the test to be poor at both ruling in and ruling out a partial tear (positive LR=1.36, negative LR=0.55).��Hug up test summary�Combined full/partial thickness tears:�One high quality study evaluated the hug up test for diagnosis of any rotator cuff tear (Liu 2016). A positive test produced a small, but sometimes important increase in probability of a tear (positive LR=4.02), and a negative test produced a large decrease in probability of a tear (negative LR=0.08).��Internal Rotation Lag Sign (IRLS) test summary�Combined full/partial thickness tears:�One high quality study evaluated the IRLS test to diagnose any rotator cuff tear(Lin 2015). A positive test produced a small, but sometimes important increase in probability of a tear(positive LR=4.21). The test was poor for ruling out a tear, with a negative test producing a very small decrease in probability of a tear(negative LR=0.74).��Internal rotation resistance test (IRRT) test summary�Combined full/partial thickness tears:�One high quality study (Lin 2015) evaluated the IRRT test to diagnose any rotator cuff tear. A positive test produced a small, but sometimes important increase in probability of a tear (Positive LR=2.59). However, it was a poor rule out test (negative LR=0.51).��Internal rotation resistance test at maximal 90 degrees of abduction and maximal external rotation (IRRTM) test summary�Combined full/partial thickness tears:�One high quality study evaluated the IRRTM test to diagnose any rotator cuff tear (Lin 2015). Both positive and negative test results produced a small, but sometimes important change in probability of any rotator cuff tear (positive LR=3.91, negative LR=0.29).��Jobe Test summary�Two high quality studies evaluated the Jobe test (Holtby 2004,Villafane 2015) for FTT and PTT tears.��Full-Thickness Tears : Holtby(2004) was the only study to specifically evaluate full thickness tears. The study found the test results produced a very low change in probability of a full-thickness tear(positive LR=1.36, negative LR=0.84).��Partial-Thickness Tears: Two studies evaluated the Jobe test for diagnosing a partial tear (Holtby 2004,Villafane 2015). The results were varied between the two studies. The rule in test strength ranged from poor (positive LR=1.34, Holtby 2004) to moderately strong (positive LR=9.50, Villafane 2015). The Villafane study found that a negative test produced a small, but sometimes important decrease in probability of a partial tear(negative LR=0.26). However, the Holtby study found the test to be poor at ruling out a partial tear (negative LR=0.71).��Lateral Jobe Test Summary�Combined full/partial thickness tears:�Gillooly(2010) found the Lateral Jobe test to be moderately good at ruling in any tear (positive LR=7.43), and a negative test produced a small but sometimes important decrease in probability of a tear(negative LR=0.21). The same study evaluated the Lateral Jobe test when combined with other physical exams, and found the test results produced a small but sometimes important change in probability of a tear(positive LR=4.69, negative LR= 0.48).��Lift off test summary�Combined full/partial thickness tears:�Lin(2015, high quality) evaluated the lift off test for diagnosing any rotator cuff tear. The test was poor at ruling in and ruling out a tear (positive LR=1.92, negative LR=0.58).��NEER test summary�Three high quality studies and one moderate quality study evaluated the Neer test (Liu 2016,Villafane 2015, Park 2005). Liu tested for any rotator cuff tear, Villafane tested for partial tears, and Park stratified by tear size.��Combined full/partial thickness tears:�Liu found the test to be moderately strong at ruling in any tear (positive LR=5.90), and may be useful for ruling out any tear (negative LR=0.42).��Full Thickness Tear:�Park evaluated the tests ability to diagnose full thickness tears. The study found the test was poor at both ruling in and ruling out full tears (positive LR=1.12, negative LR=0.86).��Partial Thickness Tears:�The Villafane and Park studies evaluated the neer test for diagnosing partial tears. As a rule in test, the results were inconsistent between studies. Villafane found the test to be moderately strong at ruling in partial tears (positive LR=7.00), but Park found it to be poor at ruling in a tear (positive LR=1.44). Both studies showed the test to be poor at ruling out partial tears (negative LR range=0.52-0.75).��Patte Test summary�Partial Thickness Tears:�One high quality study evaluated the Patte test to diagnose a partial tear (Villafane 2015).  A positive test result produced a large and conclusive increase in probability of a partial tear(positive LR=19.0). However, it was a poor rule out test (negative LR=0.63).��Yocum test summary�Partial Thickness Tears:�One high quality study evaluated the Yocum test for partial tears (Villafane 2015). A positive test result produced a large and conclusive increase in probability of a partial tear (positive LR=19.5). A negative test produced a small, but sometimes important decrease in probability of a partial tear (negative lr=0.23).��Risks and Harms of Implementing this Recommendation�There is no known harm to patients by implementing this recommendation, but there could potentially be a slightly higher reoperation rate on patients who did not undergo the concomitant procedures.��Future Research�Future research could be performed to elucidate risk factors for reoperation rates in certain groups who did not undergo concomitant procedures.� Castoldi, F., Blonna, D., Hertel, R. External rotation lag sign revisited: accuracy for diagnosis of full thickness supraspinatus tear. Journal of Shoulder & Elbow Surgery 2009; 4: 529-34Gillooly, J. J., Chidambaram, R., Mok, D. The lateral Jobe test: A more reliable method of diagnosing cuff tears. International journal of shoulder surgery 2010; 2: 41-3Holtby, R., Razmjou, H. Validity of the supraspinatus test as a single clinical test in diagnosing patients with rotator cuff pathology. Journal of Orthopaedic & Sports Physical Therapy 2004; 4: 194-200Lin, L., Yan, H., Xiao, J., Ao, Y., Cui, G. Internal rotation resistance test at abduction and external rotation: a new clinical test for diagnosing subscapularis lesions. Knee Surgery, Sports Traumatology, Arthroscopy 2015; 4: 1247-52Litaker, D., Pioro, M., El Bilbeisi, H., Brems, J. Returning to the bedside: using the history and physical examination to identify rotator cuff tears. Journal of the American Geriatrics Society 2000; 12: 1633-7Liu, Y. L., Ao, Y. F., Yan, H., Cui, G. Q. The Hug-up Test: A New, Sensitive Diagnostic Test for Supraspinatus Tears. Chinese Medical Journal 2016; 2: 147-53Park, H. B., Yokota, A., Gill, H. S., El Rassi, G., McFarland, E. G. Diagnostic accuracy of clinical tests for the different degrees of subacromial impingement syndrome. Journal of Bone & Joint Surgery - American Volume 2005; 7: 1446-55Villafane, J. H., Valdes, K., Anselmi, F., Pirali, C., Negrini, S. The diagnostic accuracy of five tests for diagnosing partial-thickness tears of the supraspinatus tendon: A cohort study. Journal of Hand Therapy 2015; 3: 247-51; quiz 252 
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DIAGNOSIS (IMAGING)
 Strong evidence supports that MRI, MRA, and ultrasound are useful 

adjuncts to a clinical exam for identifying rotator cuff tears.

Presenter
Presentation Notes
Rationale�Ultrasound�Six high quality studies evaluated the use of ultrasound for diagnosing rotator cuff tears (Cheng 2015, Day 2016, Gormeli 2014, Moosmayer 2007, Ok 2013, Waldt 2007).��Four of the studies tested for the presence of any rotator cuff tear (full/partial thickness) vs no tear (Day 2016, Gormeli 2014, Moosmayer 2007, Waldt 2007). A meta-analysis of these four studies was conducted (see figures 1 and 2 for ROC curve and forest plot in eAppendix 2). The pooled positive LR was 3.60 (2.10,6.00) indicating that a positive result produced a small, but sometimes important increase in probability of a tear. The confidence interval for this pooled effect crosses 5(the threshold for a moderate effect), so we cannot rule out the possibility that the test is of moderate strength for ruling in a tear.  The pooled estimate of the negative LR revealed substantial heterogeneity, with an I-squared of 50.10%. Therefore, only the range of negative LRs from the included studies are reported in the summary of findings tables. Negative LRs ranged from 0.07 (indicating a strong rule-out test) to 0.53 (indicating a poor rule out test).��Four studies evaluated the ability of ultrasound to distinguish between full thickness tears and either partial or no tear (Cheng 2015, Gormeli 2014, Ok 2013, Waldt 2007). A meta-analysis of positive and negative LRs produced consistent estimates, with I squared heterogeneities of 0 and 22.15%. The Meta-Analysis ROC curves and forest plots can be found in figures 3 and 4. A positive ultrasound test produced a moderate increase in probability of full thickness tears vs partial/no tears (pooled positive LR=5.20 (3.20,8.20)).  A negative test produced a small, but sometimes important decrease in the probability a patient did not have a full thickness tear, but instead either had a partial tear or no tear (negative LR=0.28 (0.20,0.38)).��Magnetic Resonance Arthrography (MRA)�12 high quality studies tested MRA for the diagnosis of rotator cuff tears. (Anbar 2015, Dae 2009, Duc 2006, Lee 2018, Magee 2014, Magee 2016, Ok 2013, Pfirrmann 1999, Probyn 2007, Schaeffeler 2012, Schreinemachers 2009, Waldt 2007).��Five studies used MRA to distinguish between any tear (full/partial thickness) and no tear (Dae 2009, Pfirrmann 1999, Probyn 2007, Schaeffeler 2012, Schreinemachers 2009). A meta-analysis was attempted, but pooled estimates of positive and negative LRs revealed substantial heterogeneity, with I squared statistics of 85.16 and 80.33% respectively. Therefore, the range of positive and negative LRs are presented, rather than the pooled estimates. The positive LRs ranged from 1.6 (poor test) to 53.57 (Strong test) for ruling in any tear vs no tear. The negative LRs ranged from 0 (strong test) to 0.65 (poor test) for ruling out any tear vs no tear. Given these results, MRA may provide a benefit for diagnosing any tear, but the exact strength of the test is unclear given widely heterogeneous results between studies.��Four studies tested the ability of MRA to distinguish between full thickness tears and partial or no tears (Duc 2006, Lee 2018, Ok 2013, Waldt 2007). A meta-analysis was conducted(see figures 5 and 6 for ROC curve and forest plot). The meta-analysis produced consistent estimates of the positive LR, indicating that a positive MRA test for full thickness tears produced a large increase in probability that a patient truly had a full tear instead of a partial or no tear (pooled positive LR= 19.55 (5.73,55.72)). Pooled estimates for the negative LR had high heterogeneity (I squared=91.15%), so the pooled result is not reported. The negative LR in the included studies ranged from 0 (strong rule out test) to 0.68 (poor rule out test).��Three studies tested the ability of MRA to distinguish between a full thickness tear and no tear (Anbar 2015, Magee 2014, Magee 2016). These could not be meta-analyzed because a minimum of four studies is required. A positive test produced a moderate to large increase in probability of a full thickness tear versus no tear(positive LR range=7.33 to 100). The negative LR was more variable, ranging from 0(a strong decrease in probability of a full tear with a negative test) to 0.25(a small but sometimes important decrease in probability).��Two studies evaluated MRA for diagnosing partial tears vs no tears (Dae 2009, Lee 2018). Positive LRs ranged from a small(but sometimes important) increase in probability of a partial tear with a positive test (positive LR=4.16) to a large increase in probability of tear(positive LR=13.42).   Negative LRs ranged from a strong decrease in probability of a partial tear with a negative test(negative LR=0.03), to a small but sometimes important decrease in probability of a partial tear(negative LR=0.44).��Magnetic Resonance Imaging (MRI)�Thirteen high quality studies evaluated MRI for the diagnosis of rotator cuff tears (Binkert 2001, Herold 2006, Lee 2016, Lee 2018, Magee 2014, Magee 2016, Mohtadi 2004, Razmjou 2016, Ryu 2016, Shellock 2001, Tuite 1994, VanBeek 2014, Yildiz2017).��Seven studies used MRI to test for any rotator cuff tear(full or partial thickness) versus no tear (Herold 2006, Lee 2018, Ryu 2016, Shellock 2001, Tuite 1994, VanBeek 2014, Yildiz 2017).  An attempt was made to meta-analyze these studies, but there was very high heterogeneity in estimates of the positive and negative LRs between studies (I squared=91.94% and 91.8% respectively). Therefore, only the range of estimates from the studies is reported.  The positive likelihood ratios ranged from 1.18(poor rule in test) to 97.06 (strong rule in test).  The negative LRs also ranged from a strong rule out test (negative LR=0.03) to a poor rule out test (0.79).��Six high quality studies used MRI to distinguish full thickness tears from no tear (Binkert 2001, Magee 2014, Magee 2016, Mohtadi 2004, Razmjou 2016, Tuite 1994). Again, meta-analysis results revealed high heterogeneity, and likelihood ratio ranges are presented here. The studies indicated that MRI was a moderate to strong test for ruling in a full thickness tear over no tear (positive LR range=6.82-100). The negative LR ranged from a large decrease in probability of a full tear with a negative test (negative LR=0) to a small, but sometimes important decrease in probability of a full tear(negative LR=0.47).��Five studies evaluated the ability of MRI to distinguish between partial tears versus no tear. A meta-analysis produced consistent estimates of the positive LR, but negative LRs were inconsistent between studies. The ROC curve and forest plot can be found in figures 7 and 8. The pooled positive LR was 3.40 (2.10,5.40), indicating that a positive MRI produced a small, but sometimes important increase in probability of a partial tear.  The negative LR ranged from 0.27 (a small but possibly important decrease in probability of a partial tear with a negative test) to 0.84 (a poor rule out test).(109) Huang TL, Chang CC, Lee CH, Chen SC, Lai CH, Tsai CL. Intra-articular injections of sodium hyaluronate (Hyalgan(R)) in osteoarthritis of the knee. a randomized, controlled, double-blind, multicenter trial in the asian population. BMC Musculoskelet Disord 2011;12):221. PM:21978211Binkert, C. A., Zanetti, M., Gerber, C., Hodler, J. MR arthrography of the glenohumeral joint: Two concentrations of gadoteridol versus ringer solution as the intraarticular contrast material. Radiology 2001; 1: 219-224Cheng, X., Lu, M., Yang, X., Guo, X., He, F., Chen, Q., Gu, P. The effect of percutaneous ultrasound-guided subacromial bursography using microbubbles in the assessment of subacromial impingement syndrome: initial experience. European Radiology 2015; 8: 2412-8Dae, K. O., Yoon, Y. C., Jong, W. K., Choi, S. H., Jee, Y. J., Bae, S., Yoo, J. Comparison of indirect isotropic MR arthrography and conventional MR arthrography of labral lesions and rotator cuff tears: A prospective study. American Journal of Roentgenology 2009; 2: 473-479Day, M, McCormack, Ra, Nayyar, S, Jazrawi, L Physician training: Ultrasound and accuracy of diagnosis in rotator cuff tears. Bulletin of the Hospital for Joint Diseases 2016; 3: 207-11Duc, S. R., Mengiardi, B., Pfirrmann, C. W., Jost, B., Hodler, J., Zanetti, M. Diagnostic performance of MR arthrography after rotator cuff repair. AJR. American Journal of Roentgenology 2006; 1: 237-41Gormeli, C., Gormeli, G., Yucesoy, C., Ataoglu, B., Kanatli, U. Comparison of the results of ultrasonographic evaluation and arthroscopy in patients scheduled for surgery of the supraspinatus tendon rupture. Annals of Saudi Medicine 2014; 6: 522-6Herold, T., Bachthaler, M., Hamer, O. W., Hente, R., Feuerbach, S., Fellner, C., Strotzer, M., Lenhart, M., Paetzel, C. Indirect MR arthrography of the shoulder: use of abduction and external rotation to detect full- and partial-thickness tears of the supraspinatus tendon. Radiology 2006; 1: 152-60Lee, H., Ahn, J. M., Kang, Y., Oh, J. H., Lee, E., Lee, J. W., Kang, H. S. Evaluation of the subscapularis tendon tears on 3t magnetic resonance arthrography: Comparison of diagnostic performance of T1-weighted spectral presaturation with inversion-recovery and T2-weighted turbo spin-echo sequences. Korean Journal of Radiology 2018; 2: 320-327Lee, R. W., Choi, S. J., Lee, M. H., Ahn, J. H., Shin, D. R., Kang, C. H., Lee, K. W. Diagnostic accuracy of 3T conventional shoulder MRI in the detection of the long head of the biceps tendon tears associated with rotator cuff tendon tears. Skeletal Radiology 2016; 12: 1705-1715Magee, T. MR versus MR arthrography in detection of supraspinatus tendon tears in patients without previous shoulder surgery. Skeletal Radiology 2014; 1: 43-48Magee, T. Utility of pre- and post-MR arthrogram imaging of the shoulder: effect on patient care. British Journal of Radiology 2016; 1062: 20160028Mohtadi, N. G., Vellet, A. D., Clark, M. L., Hollinshead, R. M., Sasyniuk, T. M., Fick, G. H., Burton, P. J. A prospective, double-blind comparison of magnetic resonance imaging and arthroscopy in the evaluation of patients presenting with shoulder pain. Journal of Shoulder and Elbow Surgery 2004; 3: 258-265Moosmayer, S., Heir, S., Smith, H. J. Sonography of the rotator cuff in painful shoulders performed without knowledge of clinical information: results from 58 sonographic examinations with surgical correlation. Journal of Clinical Ultrasound 2007; 1: 20-6Ok, J. H., Kim, Y. S., Kim, J. M., Yoo, T. W. Learning curve of office-based ultrasonography for rotator cuff tendons tears. Knee Surgery, Sports Traumatology, Arthroscopy 2013; 7: 1593-7Pfirrmann, C. W., Zanetti, M., Weishaupt, D., Gerber, C., Hodler, J. Subscapularis tendon tears: detection and grading at MR arthrography. Radiology 1999; 3: 709-14Probyn, L. J., White, L. M., Salonen, D. C., Tomlinson, G., Boynton, E. L. Recurrent symptoms after shoulder instability repair: direct MR arthrographic assessment--correlation with second-look surgical evaluation. Radiology 2007; 3: 814-23Razmjou, H., Fournier-Gosselin, S., Christakis, M., Pennings, A., ElMaraghy, A., Holtby, R. Accuracy of magnetic resonance imaging in detecting biceps pathology in patients with rotator cuff disorders: comparison with arthroscopy. Journal of Shoulder & Elbow Surgery 2016; 1: 38-44Ryu, H. Y., Song, S. Y., Yoo, J. C., Yun, J. Y., Yoon, Y. C. Accuracy of sagittal oblique view in preoperative indirect magnetic resonance arthrography for diagnosis of tears involving the upper third of the subscapularis tendon. Journal of Shoulder and Elbow Surgery 2016; 12: 1944-1953Schaeffeler, C., Waldt, S., Holzapfel, K., Kirchhoff, C., Jungmann, P. M., Wolf, P., SchrÃ¶der, M., Rummeny, E. J., Imhoff, A. B., Woertler, K. Lesions of the biceps pulley: Diagnostic accuracy of MR arthrography of the shoulder and evaluation of previously described and new diagnostic signs. Radiology 2012; 2: 504-513Schreinemachers, S. A., van der Hulst, V. P., Willems, W. J., Bipat, S., van der Woude, H. J. Detection of partial-thickness supraspinatus tendon tears: is a single direct MR arthrography series in ABER position as accurate as conventional MR arthrography?. Skeletal Radiology 2009; 10: 967-75Shellock, F. G., Bert, J. M., Fritts, H. M., Gundry, C. R., Easton, R., Crues Iii, J. V. Evaluation of the rotator cuff and glenoid labrum using a 0.2-Tesla extremity magnetic resonance (MR) system: MR results compared to surgical findings. Journal of Magnetic Resonance Imaging 2001; 6: 763-770Tuite, M. J., Yandow, D. R., DeSmet, A. A., Orwin, J. F., Quintana, F. A. Diagnosis of partial and complete rotator cuff tears using combined gradient echo and spin echo imaging. Skeletal Radiology 1994; 7: 541-5VanBeek, C., Loeffler, B. J., Narzikul, A., Gordon, V., Rasiej, M. J., Kazam, J. K., Abboud, J. A. Diagnostic accuracy of noncontrast MRI for detection of glenohumeral cartilage lesions: a prospective comparison to arthroscopy. Journal of Shoulder & Elbow Surgery 2014; 7: 1010-6Waldt, S., Bruegel, M., Mueller, D., Holzapfel, K., Imhoff, A. B., Rummeny, E. J., Woertler, K. Rotator cuff tears: assessment with MR arthrography in 275 patients with arthroscopic correlation. European Radiology 2007; 2: 491-8Yildiz, F., Bilsel, K., Pulatkan, A., Uzer, G., Aralasmak, A., Atay, M., Reliability of magnetic resonance imaging versus arthroscopy for the diagnosis and classification of superior glenoid labrum anterior to posterior lesions. Archives of Orthopaedic and Trauma Surgery 2017; 2: 241-247Anbar, A., Emad, Y., Zeinhom, F., Ragab, Y. Shoulder arthroscopy remains superior to direct MR arthrography for diagnosis of subtle rotator interval lesions. European journal of orthopaedic surgery & traumatologie 2015; 4: 689-97
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POST-OP MOBILIZATION TIMING

 Strong evidence suggests similar postoperative clinical and patient-reported 
outcomes for small to medium sized full-thickness rotator cuff tears between 
early mobilization and delayed mobilization up to 8 weeks for patients who 
have undergone arthroscopic rotator cuff repair.

Presenter
Presentation Notes
Rationale�Six high quality randomized controlled trials (Cuff, D. 2012; De Roo, P. 2015; Duzgun, I. 2014; Keener, J. 2014; Koh, K. 2014; Mazzocca, A. 2017) evaluated post-operative mobilization paradigms following rotator cuff repair. All 6 studies compared the outcomes of patients who began mobilization exercises of their shoulder within 0-2 weeks post-operatively against patients who delayed mobilization exercises for between 4-8 weeks post-operatively.   In each of the reviewed studies, patients were immobilized in a sling for an equivalent length of time irrespective of group assignment. The consistency of sling use between groups allows our analysis to focus on “mobilization” as defined by the timing the first visit of supervised physical therapy. For nearly all measures, including post-operative rotator cuff healing, patient reported outcome measures, and post-operative medication use, early and delayed mobilization paradigms yield similar outcomes.��Early mobilization favors improved range of motion (Cuff et. al. 2012; Duzgun et. al.2014, Keener et. al. 2014; Mazzocca et al. 2017) and quality of life patient reported outcome measures (Mazzocca et al.) when compared to  patients who delayedmobilization, but these differences become negligible by 6 months post-operatively.��Delayed mobilizationuntil 4-8 weeks post-operatively is associated with higher rates of post-operative healing. However, these differences do not reach statistical significance in the 5 best available evidence studies which analyzed rotator cuff integrity (Cuff et. al. 2012 , DeRoo et. al.2015, Keener et al.2014, Koh et. al. 2014, Mazzocca et. al.2017).  Post-operative healing was analyzed by US and/ or MRI from 7 days (Mazzocca et. al. 2017) through up to 2 years post-operatively (Keener et. al. 2014, Koh et. al. 2014).��In summary, early (0-2 weeks) or delayed (4-8 weeks) mobilizationyields similar outcomes in rotator cuff healing, range of motion, and patient reported outcome scores.   Early mobilization tends to favor improved range of motion through the first 6 months post-operatively while delaying mobilization exercises is associated with higher rates of post-operative healing particularly for tears of larger size.��Risks and Harms of Implementing this Recommendation�Because the early and delayed mobilization protocols yield similar results there is no known harm from implementing this recommendation.��Future Research�This question centers on the timing of post-operative mobilization exercises, defined in the 6 studies reviewed here, as the initiation of supervised physical therapy.  Although easy to quantify, a physical therapy visit may not be the measure most indicative of stress on the healing repair.  Absolute load and cyclic loading have been identified as factors affecting suture durability in biomechanical studies. ��Counting the number of physical therapy visits assumes that the amount of load and the cycles across the tendon-suture-bone interface are consistent across rehabilitation protocols.  Perhaps it is not surprising that there are few differences between early and delayed rehabilitation protocols when the measure of dosing is a physical therapy visit. If researchers want to further elucidate the differential impacts of loading a rotator cuff repair either a more finite measure of dosing should be used (number of total cycles), the study period should be shorter (12 weeks), or the rehabilitation protocols need to be more disparate.  At minimum, future research should examine the dose and load of exercise (as measured by consistent attendance at supervised physical therapy visits and consistent completion of a home exercise program) over the course of post-operative care. Finally, , more patient centric outcome measures such as the WORC quality of life score (Mazzocca et. al.) should be routinely incorporated to determine the direct impact on the patient of differing rehabilitation protocols.Keener, Jd, Galatz, Lm, Stobbs-Cucchi, G, Patton, R, Yamaguchi, K Rehabilitation following arthroscopic rotator cuff repair: a prospective randomized trial of immobilization compared with early motion. The Journal of bone and joint surgery. American volume 2014; 1: 11-9Koh, Kh, Lim, Tk, Shon, Ms, Park, Ye, Lee, Sw, Yoo, Jc Effect of immobilization without passive exercise after rotator cuff repair: randomized clinical trial comparing four and eight weeks of immobilization. The Journal of bone and joint surgery. American volume 2014; 6: e44Mazzocca, A. D., Arciero, R. A., Shea, K. P., Apostolakos, J. M., Solovyova, O., Gomlinski, G., Wojcik, K. E., Tafuto, V., Stock, H., Cote, M. P. The Effect of Early Range of Motion on Quality of Life, Clinical Outcome, and Repair Integrity After Arthroscopic Rotator Cuff Repair. Arthroscopy 2017; 6: 1138-1148Cuff, Dj, Pupello, Dr Prospective randomized study of arthroscopic rotator cuff repair using an early versus delayed postoperative physical therapy protocol. Journal of Shoulder and Elbow Surgery 2012; 11: 1450-5De Roo, P. J., Muermans, S., Maroy, M., Linden, P., Van den Daelen, L. Passive mobilization after arthroscopic rotator cuff repair is not detrimental in the early postoperative period. Acta Orthopaedica Belgica 2015; 3: 485-92Düzgün, Ä, Baltac, G., Turgut, E., Atay, O. A. Effects of slow and accelerated rehabilitation protocols on range of motion after arthroscopic rotator cuff repair. Acta Orthopaedica et Traumatologica Turcica 2014; 6: 642-648



© 2019 American Academy of Orthopaedic Surgeons 

CORTICOSTEROID INJECTIONS FOR ROTATOR CUFF TEARS

 Moderate evidence supports the use of a single injection of corticosteroids with 
local anesthetic for short-term improvement in both pain and function for 
patients with shoulder pain.

Strength of Recommendation: Moderate  

Presenter
Presentation Notes
Rationale�One high quality study (Eyigor, C., 2010) compared corticosteroid injections with transcutaneous electrical nerve stimulator (TENS) treatment for the treatment of rotator cuff tendinitis. It showed an advantage in favor of injections with improvement in pain and functional scores for up to 12 weeks following the injection.��One high quality study (Rabini, A, 2012) compared corticosteroid injections with hyperthermia via localized microwave diathermy for rotator cuff tendinopathy with a follow up of 24 weeks. Both treatment groups showed equivalent improvement in functional scores but steroid injections showed better pain scores.��One high quality study (Penning, L. I. F., 2012) compared subacromial corticosteroid injections with hyaluronic acid injections or lidocaine (placebo injections in patients with subacromial impingement. There was no convincing benefit detected from hyaluronic acid injections compared with corticosteroid or placebo injections, whereas corticosteroid injections produced a better reduction in pain compared with placebo at 12 weeks but not at 26 weeks.��One high quality study (Alvarez, C. M., 2005) compared subacromial injection of corticosteroid injection to placebo (xylocaine) in chronic rotator cuff tendinosis. They were no more effective in improving the quality of life, range of motion, or impingement sign than xylocaine alone in patients with chronic rotator cuff tendinosis for all follow-up time intervals evaluated.��One high quality study (Kang, H., 2016) compared the efficacy of subacromial injection with sodium bicarbonate versus corticosteroid in patients with chronic subacromial bursitis: Both injections were equivalent in functional and pain scores for up to 4 weeks.��Despite the high quality of the above studies, the strength of the recommendation was downgraded to moderate due to variability of study findings.��Risks and Harms of Implementing this Recommendation�Corticosteroid injections in the setting of rotator cuff tears may be detrimental to the healing potential following cuff repair. Considering that rotator cuff diagnoses are clinical, a single corticosteroid injection may be given to confirm the presence of a symptomatic rotator cuff tear, but may adversely affect surgical outcomes.��Future Research�Further research is recommended to determine the role of corticosteroid injections in the various settings of rotator cuff pathology. Currently there is no high quality studies specifically addressing the role of corticosteroid injections in partial and / or full thickness cuff tears.(63) Alvarez CM, Litchfield R, Jackowski D, Griffin S, Kirkley A. A prospective, double-blind, randomized clinical trial comparing subacromial injection of betamethasone and xylocaine to xylocaine alone in chronic rotator cuff tendinosis. Am J Sports Med 2005;33(2):255-262.Eyigor, C., Eyigor, S., Korkmaz, O. K. Are intra-articular corticosteroid injections better than conventional TENS in treatment of rotator cuff tendinitis in the short run? A randomized study. European Journal of Physical and Rehabilitation Medicine 2010; 3: 315-324Kang, H., Jiang, H., Chai, D., Lin, Y., Li, Q. Comparison of the efficacy of subacromial injection with sodium bicarbonate versus corticosteroid in patients with chronic subacromial bursitis: A prospective, randomized and controlled study. International journal of clinical and experimental medicine 2016; 10: 18972-18980Penning, L. I. F., De Bie, R. A., Walenkamp, G. H. I. M. The effectiveness of injections of hyaluronic acid or corticosteroid in patients with subacromial impingement: A three-arm randomised controlled trial. Journal of Bone and Joint Surgery - Series B 2012; 9: 1246-1252Rabini, A, Piazzini, Db, Bertolini, C, Deriu, L, Saccomanno, Mf, Santagada, Da, Sgadari, A, Bernabei, R, Fabbriciani, C, Marzetti, E, Milano, G Effects of local microwave diathermy on shoulder pain and function in patients with rotator cuff tendinopathy in comparison to subacromial corticosteroid injections: a single-blind andomized trial. The Journal of orthopaedic and sports physical therapy 2012; 4: 363-70Rabini, A, Piazzini, Db, Bertolini, C, Deriu, L, Saccomanno, Mf, Santagada, Da, Sgadari, A, Bernabei, R, Fabbriciani, C, Marzetti, E, Milano, G Effects of local microwave diathermy on shoulder pain and function in patients with rotator cuff tendinopathy in comparison to subacromial corticosteroid injections: a single-blind andomized trial. The Journal of orthopaedic and sports physical therapy 2012; 4: 363-70
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HYALURONIC ACID INJECTIONS FOR ROTATOR CUFF TEARS

 Limited evidence supports for the possible use of hyaluronic acid injections in 
the non-operative management of rotator cuff pathology with no tears.

Strength of Recommendation: Limited 

Presenter
Presentation Notes
Rationale�One high quality study (Penning, L. I. F., 2012) compared subacromial corticosteroid injections with hyaluronic acid injections or lidocaine (placebo) injections in patients with subacromial impingement. There was no convincing benefit detected from hyaluronic acid injections compared with corticosteroid or placebo injections for up to 26 weeks.��One moderate quality study (Moghtaderi, A. 2013) compared ultrasound guided subacromial sodium hyaluronate injection saline in patients with impingement syndrome without complete tear of rotator cuff at 12 weeks. Both injections showed improvement, but sodium hyaluronate showed better results.��One moderate quality study (Byun, S. D. 2011) sono-guided subacromial bursa injection of steroid injection followed by sodium hyaluronate injection once a week for 3 weeks with a sono-guided subacromial bursa steroid injection once a week for 3 weeks for patients with subacromial bursitis, partial or complete rotator cuff tear. The study concluded that Subacromial bursa injection of hyaluronate with steroid in patients with peri-articular shoulder disorders has additive effects on functional improvement.��One moderate quality study (Ozgen, M.; 2012) compared short- and long-term effect of intraarticular sodium hyaluronate injection in patients with supraspinatus tendinitis (ST) with conventional physiotherapy methods. Both groups received home exercise programs. The study concluded that physical therapy modalities and SH application had similar effects in short- and long term for painful ST.��One moderate quality study (Meloni, F 2008) examined the effect of ultrasound guided periarticular injection of hyaluronate into shoulders with supraspinatus tendinosis compared to saline injections. Both were done weekly for a total of 5 injections. At 12 months follow up, sodium hyaluronate had better clinical outcomes.��Despite the medium-high quality of the above studies, the strength of the recommendation was downgraded to limited due to variability of study findings.��Risks and Harms of Implementing this Recommendation�There are no known risks to hyaluronic acid injections that are specific to shoulders or the rotator cuff.��Future Research�Further research may be conducted to further define the role of hyaluronic acid injections in rotator cuff pathology.Byun, S. D., Park, D. H., Choi, W. D., Lee, Z. I. Subacromial Bursa Injection of Hyaluronate with Steroid in Patients with Peri-articular Shoulder Disorders. 2011; 5: 664-72Meloni, F., Milia, F., Cavazzuti, M., Doria, C., Lisai, P., Profili, S., Meloni, G. B. Clinical evaluation of sodium hyaluronate in the treatment of patients with sopraspinatus tendinosis under echographic guide: experimental study of periarticular injections. European Journal of Radiology 2008; 1: 170-3Moghtaderi, A., Sajadiyeh, S., Khosrawi, S., Dehghan, F., Bateni, V. Effect of subacromial sodium hyaluronate injection on rotator cuff disease: A double-blind placebo-controlled clinical trial. Adv Biomed Res 2013; 0: 89Ozgen, M., Firat, S., Sarsan, A., Topuz, O., Ardic, F., Baydemir, C. Short- and long-term results of clinical effectiveness of sodium hyaluronate injection in supraspinatus tendinitis. Rheumatology International 2012; 1: 137-44Penning, L. I. F., De Bie, R. A., Walenkamp, G. H. I. M. The effectiveness of injections of hyaluronic acid or corticosteroid in patients with subacromial impingement: A three-arm randomised controlled trial. Journal of Bone and Joint Surgery - Series B 2012; 9: 1246-1252
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PLATELET RICH PLASMA (PRP) INJECTION IN PARTIAL-THICKNESS TEARS

 Limited evidence does not support the routine use of platelet rich plasma for 
the treatment of cuff tendonopathy or partial tears.

Strength of Recommendation: Limited 

Presenter
Presentation Notes
Rationale�Three high quality studies (Nejati 2017, Kesikburun 2013, Rha 2013) provided conflicting evidence regarding the role of platelet rich plasma (PRP) in cuff tendonopathy or partial tears.��One high quality study (Nejati 2017) compared PRP to exercise therapy for the treatment of subacromial impingement.  Both PRP and exercise therapy showed improvement  up to 6 months but exercise was more effective.��One high quality study (Kesikburun 2013) compared PRP to placebo (saline) injection therapy for the treatment of rotator cuff tendonopathy or partial tears for up to one year. Both treatments shows improvement in QoL, Function and pain scores but were equivalent at all time points.��One high quality study (Rha 2013) compared PRP to dry needling for up to 6 months. Functional scores of the platelet-rich plasma injection were superior to those of dry needling.��Despite the high quality of the above studies, the strength of the recommendation was downgraded to limited due to variability of study findings.��Risks and Harms of Implementing this Recommendation�There are no known risks to PRP injections that are specific to shoulders or the rotator cuff.��Future Research�Further research may be conducted to further define the role of PRP injections in rotator cuff pathology. Future studies should standardize the type of PRP formulation utilized or at the very least measure the concentrations of key constituents.�� Kesikburun, S, Tan, Ak, Yilmaz, B, Ya?ar, E, Yazicio?lu, K Platelet-rich plasma injections in the treatment of chronic rotator cuff tendinopathy: a randomized controlled trial with 1-year follow-up. The American journal of sports medicine 2013; 11: 2609-16Nejati, P., Ghahremaninia, A., Naderi, F., Gharibzadeh, S., Mazaherinezhad, A. Treatment of subacromial impingement syndrome: Platelet-rich plasma or exercise therapy?: A randomized controlled trial. Orthopaedic Journal of Sports Medicine 2017; 5:Rha, D. W., Park, G. Y., Kim, Y. K., Kim, M. T., Lee, S. C. Comparison of the therapeutic effects of ultrasound-guided platelet-rich plasma injection and dry needling in rotator cuff disease: a randomized controlled trial. Clinical Rehabilitation 2013; 2: 113-22
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HIGH-GRADE PARTIAL THICKNESS ROTATOR CUFF TEARS

 Strong evidence supports the use of either conversion to full-thickness or 
transtendinous/in-situ repair in patients that failed conservative management 
with high-grade partial thickness rotator cuff tears.

Presenter
Presentation Notes
Rationale�There were two high quality study (Kim Y-S et al. 2015, and Shin et al. 2012) and two moderate quality studies (Castagna et al., Franceschi et al.).  The remainder of published studies either had too few subjects (<20) or were low quality level IV studies.  Kim Y-S et al. in a level II study noted no difference in either clinical outcomes or re-tear rates comparing transtendinous versus tear completion in Ellman III partial thickness rotator cuff tears.  Bursal side cuff tears had a higher re-tear rate with either technique.  Shin et al. in a level II study noted similar outcomes for the two groups but noted a significantly faster recovery with tear completion.  Retears were higher in the tear completion group but did not reach statistical significance. Castagna et al. looked at a total of 74 patients randomized to transtendinous versus tear completion.  There were no significant differences between the two groups.  Franceschi et al. in a level II study felt that outcomes and re-tear rates were comparable between transtendinous repair and tear completion.��Risks and Harms of Implementing this Recommendation�None.��Future Research�Additional high quality level one studies with longer follow-up would be useful to establish if the results of these techniques hold up with time. Larger studies might also establish risk of retear with differing techniques.Castagna, A, Borroni, M, Garofalo, R, Rose, Gd, Cesari, E, Padua, R, Conti, M, Gumina, S Deep partial rotator cuff tear: transtendon repair or tear completion and repair? A randomized clinical trial. Knee surgery, sports traumatology, arthroscopy : official journal of the ESSKA 2015; 2: 460-3Franceschi, F., Papalia, R., Del Buono, A., Vasta, S., Costa, V., Maffulli, N., Denaro, V. Articular-sided rotator cuff tears: which is the best repair? A three-year prospective randomised controlled trial. International Orthopaedics 2013; 8: 1487-93Kim, Y. S., Lee, H. J., Bae, S. H., Jin, H., Song, H. S. Outcome Comparison Between in Situ Repair Versus Tear Completion Repair for Partial Thickness Rotator Cuff Tears. Arthroscopy 2015; 11: 2191-8Shin, S. J. A comparison of 2 repair techniques for partial-thickness articular-sided rotator cuff tears. Arthroscopy 2012; 1: 25-33
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PROGNOSTIC FACTORS (AGE)

 Strong evidence supports that older age is associated with higher failure rates 
and poorer patient reported outcomes after rotator cuff repair.

Presenter
Presentation Notes
Rationale�Three high quality studies (Deniz 2014, Park 2015, Rashid 2017) demonstrated higher re-tear rates are associated with advanced age.  Four high quality studies (Chung 2012, Deniz 2014, Kim 2016, Robinson 2013) demonstrated worse patient reported outcomes in patients with older age.��Risks and Harms of Implementing this Recommendation�While older age is associated with higher failure rates and poorer patient reported outcomes, age alone should not be used as a contraindication for rotator cuff repair, as failure to heal is related to multiple features.  Older patients should be counseled that they would be at increased risk for failure and poorer outcomes than younger patients who undergo rotator cuff repair.��Future Research�Degenerative rotator cuff disease is a phenomenon of aging, yet there is great variability in this phenomenon.  Future research is needed to distinguish chronological age from physiologic age, and healing will likely improve when age related changes to the rotator cuff are better understood and manipulated.Deniz, G., Kose, O., Tugay, A., Guler, F., Turan, A. Fatty degeneration and atrophy of the rotator cuff muscles after arthroscopic repair: does it improve, halt or deteriorate?. Archives of Orthopaedic & Trauma Surgery 2014; 7: 985-90Kim, D. H., Jang, Y. H., Choi, Y. E., Lee, H. R., Kim, S. H. Evaluation of Repair Tension in Arthroscopic Rotator Cuff Repair: Does It Really Matter to the Integrity of the Rotator Cuff?. American Journal of Sports Medicine 2016; 11: 2807-2812Park, J. S., Park, H. J., Kim, S. H., Oh, J. H. Prognostic Factors Affecting Rotator Cuff Healing After Arthroscopic Repair in Small to Medium-sized Tears. American Journal of Sports Medicine 2015; 10: 2386-92Rashid, M. S., Cooper, C., Cook, J., Cooper, D., Dakin, S. G., Snelling, S., Carr, A. J. Increasing age and tear size reduce rotator cuff repair healing rate at 1 year. Acta Orthopaedica 2017; 6: 606-611Robinson, P. M., Wilson, J., Dalal, S., Parker, R. A., Norburn, P., Roy, B. R. Rotator cuff repair in patients over 70 years of age: early outcomes and risk factors associated with re-tear. Bone & Joint Journal 2013; 2: 199-205Chung, S. W., Park, J. S., Kim, S. H., Shin, S. H., Oh, J. H. Quality of life after arthroscopic rotator cuff repair: evaluation using SF-36 and an analysis of affecting clinical factors. American Journal of Sports Medicine 2012; 3: 631-9
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FUTURE RESEARCH
• Consideration for future research is provided for each recommendation within this document. 

High quality studies comparing the outcomes of operative and non-treatment of rotator cuff 
pathology of all types remains a major gap in knowledge. These need to continue out to five years, 
to fully understand the efficacy of each treatment. 

• Future studies should focus more on strengthening the literature for the association between RCTs 
and factors such as diabetes mellitus, hypertension, cholesterol, smoking and BMI. 

• Questions persist regarding the timing of physical therapy after surgery, and the need for formal 
therapy versus a supervised home program. 

• While widely employed in practice, the risks and benefits of corticosteroid injections in patients 
with rotator cuff tears remain unclear. 

• The repair of high-grade partial rotator cuff tears has been widely adopted by the orthopedic 
community, but there exists minimal evidence to support this choice. 

Presenter
Presentation Notes
Consideration for future research is provided for each recommendation within this document. High quality studies comparing the outcomes of operative and non-treatment of rotator cuff pathology of all types remains a major gap in knowledge. These need to continue out to five years, to fully understand the efficacy of each treatment. Future studies should focus more on strengthening the literature for the association between RCTs and factors such as diabetes mellitus, hypertension, cholesterol, smoking and BMI. Questions persist regarding the timing of physical therapy after surgery, and the need for formal therapy versus a supervised home program. While widely employed in practice, the risks and benefits of corticosteroid injections in patients with rotator cuff tears remain unclear. The repair of high-grade partial rotator cuff tears has been widely adopted by the orthopedic community, but there exists minimal evidence to support this choice. 
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FUTURE RESEARCH
• The risk and expense of orthobiologics in rotator cuff surgery remains difficult to fully assess, even 

though multiple high quality studies are currently available. 

• The use of either allograft or xenograft patches to either augment rotator cuff repair or as a 
superior capsular reconstruction requires additional high quality studies to prove efficacy. 

• Finally, given the opioid epidemic, high-quality studies of multimodal analgesia for rotator cuff 
surgery would seem to be a matter of public policy. 

• Consideration for future research is provided for each recommendation within this document. 
High-strength, level one studies comparing the outcomes of operative and non-treatment of 
rotator cuff pathology of all types remains a major gap in knowledge.

• Future studies should focus more on strengthening the literature for the association between RCTs 
and factors such as diabetes mellitus, hypertension, smoking and BMI.

Presenter
Presentation Notes
The risk and expense of orthobiologics in rotator cuff surgery remains difficult to fully assess, even though multiple high quality studies are currently available. The use of either allograft or xenograft patches to either augment rotator cuff repair or as a superior capsular reconstruction requires additional high quality studies to prove efficacy. Finally, given the opioid epidemic, high-quality studies of multimodal analgesia for rotator cuff surgery would seem to be a matter of public policy. Consideration for future research is provided for each recommendation within this document. High-strength, level one studies comparing the outcomes of operative and non-treatment of rotator cuff pathology of all types remains a major gap in knowledge. Future studies should focus more on strengthening the literature for the association between RCTs and factors such as diabetes mellitus, hypertension, smoking and BMI.
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FUTURE RESEARCH – LONG TERM NON-OPERATIVE MANAGEMENT

 Continued long term comparative studies between physical therapy and surgical repair 
investigating larger tear sizes with pre-and postoperative advanced imaging studies. It is still 
unclear what factors influence tear progression and if tear progression advances enough to 
preclude future repair and subsequent resolution of symptoms.

Presenter
Presentation Notes
Future Research – Long Term Non-Operative ManagementContinued long term comparative studies between physical therapy and surgical repair investigating larger tear sizes with pre-and postoperative advanced imaging studies. It is still unclear what factors influence tear progression and if tear progression advances enough to preclude future repair and subsequent resolution of symptoms.



© 2019 American Academy of Orthopaedic Surgeons 

FUTURE RESEARCH – OPERATIVE MANAGEMENT

 Continued long term comparative studies between physical therapy and surgical 
repair investigating larger tear sizes with pre-and postoperative advanced 
imaging studies. The long-term consequences of a persistent rotator cuff tear or 
a re-tear is currently not known.

Presenter
Presentation Notes
Future Research – Operative ManagementContinued long term comparative studies between physical therapy and surgical repair investigating larger tear sizes with pre-and postoperative advanced imaging studies. The long-term consequences of a persistent rotator cuff tear or a re-tear is currently not known.
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FUTURE RESEARCH – ACROMIOPLASTY& ROTATOR CUFF REPAIR

 Continued long term comparative studies between physical therapy and surgical 
repair investigating larger tear sizes with pre-and postoperative advanced 
imaging studies. The long-term consequences of a persistent rotator cuff tear or 
a re-tear is currently not known.

Presenter
Presentation Notes
Future Research – C-Reactive ProteinContinued long term comparative studies between physical therapy and surgical repair investigating larger tear sizes with pre-and postoperative advanced imaging studies. The long-term consequences of a persistent rotator cuff tear or a re-tear is currently not known.
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FUTURE RESEARCH 
DISTAL CLAVICLE RESECTION / DIAGNOSIS (CLINICAL EXAMINATION)

 Future research could be performed to elucidate risk factors for reoperation 
rates in certain groups who did not undergo concomitant procedures.

Presenter
Presentation Notes
FUTURE RESEARCH DISTAL CLAVICLE RESECTION / DIAGNOSIS (CLINICAL EXAMINATIONFuture research could be performed to elucidate risk factors for reoperation rates in certain groups who did not undergo concomitant procedures.
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FUTURE RESEARCH – POST-OP MOBILIZATION TIMING

 This question centers on the timing of post-operative mobilization exercises, 
defined in the 6 studies reviewed here, as the initiation of supervised physical 
therapy. Although easy to quantify, a physical therapy visit may not be the 
measure most indicative of stress on the healing repair. Absolute load and cyclic 
loading have been identified as factors affecting suture durability in 
biomechanical studies.
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FUTURE RESEARCH – CORTICOSTEROID INJECTIONS

 Further research is recommended to determine the role of corticosteroid 
injections in the various settings of rotator cuff pathology. Currently there is no 
high quality studies specifically addressing the role of corticosteroid injections 
in partial and / or full thickness cuff tears.
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FUTURE RESEARCH – HYALURONIC ACID INJECTIONS

 Further research may be conducted to further define the role of hyaluronic acid 
injections in rotator cuff pathology.
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FUTURE RESEARCH –
PLATELET RICH PLASMA INJECTION IN PARTIAL-THICKNESS TEARS

 Further research may be conducted to further define the role of PRP injections 
in rotator cuff pathology. Future studies should standardize the type of PRP 
formulation utilized or at the very least measure the concentrations of key 
constituents.
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FUTURE RESEARCH –
HIGH-GRADE PARTIAL THICKNESS ROTATOR CUFF TEARS

 Additional high quality level one studies with longer follow-up would be useful 
to establish if the results of these techniques hold up with time. Larger studies 
might also establish risk of retear with differing techniques.
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FUTURE RESEARCH – PROGNOSTIC FACTORS
 Age: Degenerative rotator cuff disease is a phenomenon of aging, yet there is great 

variability in this phenomenon. Future research is needed to distinguish chronological 
age from physiologic age, and healing will likely improve when age related changes to 
the rotator cuff are better understood and manipulated.

 BMI: Patients with higher BMI generally start with lower scores on patient reported 
outcome measures. Future research should investigate if this starting point changes 
with weight loss, and how this affects the improvement in patient reported outcomes 
after surgery.

 Patient Expectations: There is currently very little research on optimal ways to 
evaluate and influence patient expectation.
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FUTURE RESEARCH – PROGNOSTIC FACTORS
 Comorbidities: While the number of comorbidities does influence patient reported 

outcomes after rotator cuff repair surgery, it would be important to understand the 
risk stratification of specific comorbidities to accurately make recommendations about 
the expected outcomes.

 Diabetes: Future research should determine if adequate control of diabetes will 
improve patient reported outcomes and improve healing after rotator cuff repair.

 Worker’s Compensation: It would be important to know what features (job 
satisfaction, manual labor job, resiliency, etc.) might predict poorer patient reported 
outcomes after rotator cuff repair in the population of worker’s compensation 
patients.
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FUTURE RESEARCH – BIOLOGICAL AUGMENTATION WITH 
PLATELET DERIVED PRODUCTS 
 Future studies should standardize the type of PRP formulation utilized or at the very 

least measure the concentrations of key constituents. Furthermore, larger studies 
will allow for controlled statistical analyses that consider the effect of confounders 
such as fixation constructs, marrow venting, size of tears, etc. Consistency in the 
definition of rotator cuff re-tear is also encouraged.
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FUTURE RESEARCH – SINGLE-ROW VS DOUBLE-ROW REPAIR

 Future research needs to be performed to evaluate for both PROs and failure rates 
on imaging and reoperation rates between single row compared to double row 
repair for larger full thickness rotator cuff tears >3cm in size.
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FUTURE RESEARCH –
SINGLE-ROW VS DOUBLE-ROW REPAIR  RE-TEARS

 Future research should be performed to evaluate for failure rates on imaging and 
reoperation rates between single row compared to double row repair for full 
thickness rotator cuff tears. Research also needs to be done to better identify the 
clinical significance of a partial thickness re-tear after arthroscopic rotator cuff 
repair.
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FUTURE RESEARCH – MARROW STIMULATION

 Future studies should be large enough such that the statistical analyses will allow for 
consideration of confounders such as fixation constructs, size of tears, etc.. 
Consistency in the definition of a rotator cuff re-tear is also encouraged.
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FUTURE RESEARCH – DERMAL ALLOGRAFTS

 Given the risks and costs involved with these devices, high quality studies would be 
useful to definitively establish the benefits of these device.
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FUTURE RESEARCH – XENOGRAFTS

 While the evidence available to recommend for or against xenograft augmentation is 
mixed, the absence of clear benefit associated with these grafts, and the increased 
incidence of post-operative reaction coupled with the absence of reports of these 
reactions with allograft augment would seem to indicate that further research is not 
warranted at this time on xenografts in their current form.
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FUTURE RESEARCH – OPEN VS ARTHROSCOPIC REPAIRS

 Given the conflicting information available regarding improvements in post-
operative pain and early recovery with all-arthroscopic repair, further studies are 
needed in this area to establish benefits of this procedure.
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FUTURE RESEARCH – POSTOPERATIVE PAIN MANAGEMENT

 The analysis of this question has exposed the need for future research particular into 
the pros and cons of each medication, modality, and multimodal program as they 
are compared to each other. The collective data and indirect comparisons from the 
high quality articles cited in this recommendation could be used to perform a 
network meta-analysis, providing valuable information to best guide future 
management.
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FUTURE RESEARCH – PARTIAL ROTATOR CUFF TEAR

 High strength comparative studies between debridement and partial tear repair may 
further clarify the utility of these two techniques in managing partial rotator cuff 
tears.

Presenter
Presentation Notes
FUTURE RESEARCH – PARTIAL ROTATOR CUFF TEARHigh strength comparative studies between debridement and partial tear repair may further clarify the utility of these two techniques in managing partial rotator cuff tears. 



© 2019 American Academy of Orthopaedic Surgeons 

THIS GUIDELINE HAS BEEN ENDORSED 
BY THE FOLLOWING ORGANIZATIONS: 



© 2019 American Academy of Orthopaedic Surgeons 

ACKNOWLEDGEMENTS:
Development Group Roster:
Stephen Weber, MD, Co-Chair                
Jaskarndip Chahal, MD, Co-Chair
Shafic A. Sraj, MD                               
Jason M. Matuszak, MD                   
Amee L. Seitz, PhD, PT                             
Lori A. Michener, PhD, PT, ATC
Mark R. Hutchinson, MD                                
Michael A. Shaffer, PT, ATC, OCS
Xinning Lo, MD
Michael M. Albrecht, MD
Christopher C. Schmidt, MD
John Kuhn, MD, MS
Leesa Galatz, MD

AAOS Guidelines Oversight Chair:
Gregory A. Brown, MD, PhD

AAOS Clinical Practice Guidelines 
Section Leader:
Gregory Brown, MD, PhD

AAOS Committee on Evidence-
Based Quality and Value Chair:
Kevin Shea, MD

AAOS Council on Research and 
Quality Chair:
Robert H. Quinn, MD

AAOS Staff:
William Shaffer, MD
Jayson N. Murray, MA
Ryan Pezold, MA
Kyle Mullen, MPH

Mary DeMars
Mukarram Mohiuddin, MPH
Syed Hussain, MS
Peter Shores, MPH
Anne Woznica, MLIS, AHIP
Kaitlyn Sevarino, MBA



© 2019 American Academy of Orthopaedic Surgeons 

PLEASE CITE CLINICAL PRACTICE GUIDELINE AS:  

American Academy of Orthopaedic Surgeons Evidence-Based Clinical Practice 
Guideline on the Management of Rotator Cuff Injuries. 
http://www.orthoguidelines.org/topic?id=1027. Published March 11, 2019. 
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The AAOS OrthoGuidelines app is an easy way to access Clinical Practice Guidelines right from your smartphone.  Free for both Android and iOS users, this app not only contains all AAOS CPG’s, but also contains Appropriate Use Criteria, guideline case studies, full text pdfs, clinician checklists, impactful statements, along with other useful tools. 
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Easier access to AAOS Guidelines: 
 Sort Alphabetically by Topic
 Sort Recommendations by Strength 
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 Sort by Stage of Care
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Easier Access to Individual Recommendations:
 View recommendations via shortened titles
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 Links to references (PubMed)
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OrthoGuidelines OrthoGuidelines furnishes the user with easy access to all AAOS guidelines. Guidelines can be sorted either alphabetically, by strength of recommendation, or stage of care.  All CPG’s are able to be located via a single keyword search.  OrthoGuidelines additionally enables the user to view recommendations via abbreviated titles, and enables access to full recommendations and rationale.  The user may likewise interface with PubMed references.
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Search across all CPG and AUC 
Via a Single Keyword Search

Imaging
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References provided for each recommendation

Links to PubMed
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Appropriate Use Criteria Tool
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The American Academy of Orthopaedic Surgeons began developing Appropriate Use Criterias in 2011 as a tool to implement Evidence-based Clinical Practice Guidelines. Appropriate Use Criteria are created to inform clinicians for whom a procedure should be done. This involves using clinician expertise and experience, in conjunction with the relevant evidence, to rate the appropriateness of various treatments in a set of hypothetical, but clinically realistic, patient scenarios.  Users can easily access this valuable tool via OrthoGuidlines.
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 Acute Achilles Tendon Rupture
 Acute Compartment Syndrome
 Anterior Cruciate Ligament Injuries
 Carpal Tunnel Syndrome
 Diagnosis and Prevention of Periprosthetic Joint Infections
 Distal Radius Fractures
 Glenohumeral Joint Osteoarthritis
 Hip Fractures in the Elderly
 Osteoarthritis of the Hip
 Osteoarthritis of the Knee (Arthroplasty)
 Osteoarthritis of the Knee (Non-Arthroplasty)
 Osteochondritis Dissecans
 Pediatric Developmental Dysplasia of the Hip in infants up to Six Months
 Pediatric Diaphyseal Femur Fractures
 Pediatric Supracondylar Humerus Fractures
 Prevention of Orthopaedic Implant Infections in Patients Undergoing Dental 

Procedures
 Rotator Cuff Injuries
 Surgical Site Infections
 VTE Disease in Patients Undergoing Elective Hip & Knee Arthroplasty 
 Tranexamic Acid in Total Joint Arthroplasty (Endorsement)
 Use of Imaging Prior to Referral to a Musculoskeletal Oncologist (Endorsement)

For additional information, please visit 
http://www.orthoguidelines.org/
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